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Fig. 3. Electron-impact mass spectrum of dimethylamine (molecular mass M = 45) from a
sample of C. mangenotii ATCC 25761 (ionization potential 70 eV).
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Fig. 4. Chemical ionization mass spectrum of dimethylamine (molecular mass M =45) from
a sample of C. sordellii 82, showing characteristic peaks M + 1 = 46 and M + 18 = 63
(ammonia 0.1 kPa).
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Fig. 5. Electron-impact mass spectrum of 3-methylbutylamine (molecular mass M = 87) from
a sample of C. mangenotii ATCC 25761 (ionization potential 70 eV).

molecular mass. Mass spectra of dimethylamine (Figs. 3 and 4), trimethyl­
amine, isobutylamine and 3-methylbutylamine (Figs. 5 and 6) were obtained
with samples of C. sordellii or C. mangenotii. The profile of the ion m/e 30
showed a characteristic peak at the retention time of methylamine and a small
peak of 2-methylbutylamine, eluted just before 3-methylbutylamine, which
were difficult to discern on the total-ion current chromatogram. Another
compound was detected which could not be identified as diethylamine or
methylisopropylamine because of the similarity of their mass spectra.

GC analysis of bacterial amines has been proposed as a tool for identification
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SUMMARY

Blood for transfusion was inoculated with between 10° and 10' colony-forming units
(CFU) per ml of each of 59 microbial isolates and added to cooked meat broth. At intervals
up to 72 h incubation, the cultures were examined by conventional visual inspection and
automated head-space gas-liquid chromatography (HS-GLC). Forty-six isolates including all
those examined of Staphyloccoccus aureus, Streptococcus pyogenes, S. pneumoniae, S.
faecalis, S. millen, S. mitior, S. mitis, S. salivarius, S. sanguis, Escherichia coli, Klebsiella
pneumoniae, K. oxytoca, Proteus mirabilis, Morganella morganii, Serratia sp., Enterobacter
cloacae, Bacterioides fragi/is, Clostridium perfrjngens, Candida albicans, C. krusei and
Torulopsis glabrata, and three isolates of Staphylococcus epidermidis, were detected by HS­
GLC. HS-GLC failed to detect the growth of eleven isolates including all those ofPseudomonas
aeruginosa, Acinetobacter calcoaceticus, Haemophilus inf/uenzae, Corynebacterium sp. and
two isolates of S. epidermidis. The growth of all 59 isolates was detected by visual
inspection. No significant difference was found between HS-GLC analysis and visual
inspection in the speed of detection of bacterial isolates. All the yeast isolates were detected
by HS-GLC after 24 h incubation, indicating that it may be possible to detect fungemias
earlier by HS-GLC analysis than by other methods.

INTRODUCTION

One of the highest priorities of bacteriology today is the early detection of
bacteremia and septicemia. In most clinical laboratories the detection of
growth in blood cultures still depends on the classical method of visual inspec­
tion. Despite close attention to macroscopic changes, Gram staining and sub­
culturing, only 50% of positive blood cultures are detected within 24 h of
blood collection [1], and therefore results of positive cultures may not be
available to the clinician until 72 h after the blood was taken for culture.

Various techniques such as radiometry [2, 3], impedance measurement [4]
and centrifugation-filtration [5] have been recently developed for the rapid

0378-4347/85/$03.30 © 1985 Elsevier Science Publishers B.V.
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diagnosis of bacteremia and septicemia. Analysis by head-space gas-liquid
chromatography (HS-GLC) to detect volatile microbial metabolic products
has been proposed as a method for the diagnosis of bacteremia [6, 7], an
approach that has already proved useful for the rapid detection of urinary
tract infection [8].

The present report compares the rapidity and sensitivity of the HS-GLC
method with that of visual inspection for detecting growth in simulated blood
cultures.

MATERIALS AND METHODS

Microorganisms
A total of 59 isolates was used in this investigation including five strains each

of Staphylococcus aureus, S. epidermidis, Streptococcus faecalis, Escherichia
coli and Pseudomonas aeruginosa, four each of Haemophilus influenzae and
Proteus mirabilis, three' each of Klebsiella pneumoniae and Candida albicans,
two each of Streptococcus pyogenes, S. pneumoniae and Klebsiella oxytoca,
and one each of Streptococcus milleri, S. mitior, S. mitis, S. salivarius, S.
sanguis, Corynebacterium sp., Morganella morganii, Serratia sp., Enterobacter
cloacae, Acinetobacter calcoaceticus, Bacteroides fragilis, Clostridium
perfringens, Candida krusei and TorUlopsis glabrata. These microorganisms were
identified using standard methods [9] and the API 20E system (Analytab
Products, Plainview, NY, U.S.A.). The microorganisms were then cultured on
appropriate solid media and stored at 4°C.

Simulated blood cultures
The medium used was brain-heart infusion broth (OXOID) containing

0.05% sodium polyanethol sulphonate and cooked bullock's heart. The
medium was dispensed to give a final volume of 35 ml in 60-ml capacity glass
screw-capped bottles and autoclaved at 121°C for 30 min. Immediately before
incubation, 5 ml of whole human blood containing 0.327% (wjv) citric acid,
2.63% (wjv) sodium citrate, 0.251% (wjv) sodium acid phosphate and 2.32%
(wjv) dextrose (Red Cross Blood Bank, Melboutne, Australia) were inoculated
with one of the 59 microbial isolates and added to the culture medium.
Inoculated blood media and control media containing uninoculated blood were
incubated at 37°C in air and examined by both HS-GLC and visual inspection
after 6, 9, 12, 15, 18, 24, 48 and 72 h incubation.

Quantitation of inoculum sizes
Viable counts on overnight cultures in brain-heart infusion broth of the

microorganisms under test were performed to determine the inoculum size
necessary to provide 10°-102 colony-forming units (CFU) per ml blood in the
simulated blood cultures. On the basis of these experiments, each 5-ml aliquot
of blood for blood cultures was inoculated with 50 pI of a similar overnight
culture diluted 10 -6 for bacteria and 10 -4 for yeasts. Confirmatory viable
counts to determine the actual size of each inoculum were performed on the
culture dilutions used to inoculate blood.
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([M + H - H20] +, m/z = 292) corresponds to Neu5Ac2en and the second ion
represents [M + H - 2H20] +. However, comparison of the peak intensities
(fragments band h of Neu5Ac) indicates that fragmentation of Neu5Ac mainly
occurs in the open chain form. Neu5Ac2en, which only exists in ring form,
shows a quite different fragmentation behaviour when compared with that of
saturated sialic acids (Fig. 1). It forms almost exclusively the [M + H] + and
[M + H - H20] + ions (Fig. 3).

The trisaccharide sialyllactose was also analysed by HPLC-MS without prior
derivatization. The mass spectrum for sialyl-a(2-3)-lactose is presented in Fig.
4. It exhibits the fragments for lactose ([M + H] +, m/z = 343), and for
galactose or glucose (m/z = 180), and also shows the typical fragmentation
pattern for Neu5Ac. However, the molecular ion peak for Neu5Ac is missing in
this spectrum.

In conclusion, the analytical data presented demonstrate that the HPLC-MS
technique is useful for the structural analysis of free or glycosidically bound
sialic acids. The method does not require derivatization steps and amounts of
1-10 [J.g sialic acids can rapidly be analysed.
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Fig. 4. Analysis of underivatized sialyl-a:(2-3)-lactose by HPLC-MS in the positive-ion mode.
(a) Total-ionization chromatogram (sharp peaks are due to air bubbles). (b) Mass spectrum;
explanation of fragments: m/z = 343, [lactose + H] +; m/z = 325, [lactose + H - H.O] +;
m/z = 292, 274, 264,246,222,204,186 and 168 are typical fragments of Neu5Ac;TM + H] <­
of Neu5Ac is not visible; m/z = 180 represents glucose or galactose.
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SUMMARY

A rapid, sensitive procedure is described for the analysis of the B6 vitamers pyridoxal,
pyridoxamine, and pyridoxine in human milk from women taking and not taking
supplements containing the vitamin using high-performance liquid chromatography with
fluorometric detection. Vitamer values represent the sum of their phosphorylated and un­
phosphorylated forms. Minimum detectable quantities were 1-3 ng. Excellent recoveries of
these vitamers in milk were obtained. Similar B6 vitamer concentrations of milk were
obtained using the developed high-performance liquid chromatographic and the accepted
microbiological techniques. Pyridoxal, actually consisting of pyridoxal plus pyridoxal
phosphate, was the predominant B6 vitamer in human milk. The concentration of B6 vitamers
in milk was reflective of the maternal vitamin B6 status.

INTRODUCTION

In recent years there has been increasing concern regarding the nutritional
status of lactating women and nutrient composition of human milk.
Deleterious effects of low vitamin B6 intakes in the young have been observed
in humans as well as in rats. There has been some evidence that the dietary
intakes of vitamin B6 of lactating women influence the concentration of the
vitamin in their milk [1, 2].

*Presented in part at the annual meeting of The Federation of American Societies for
Experimental Biology, Chicago, IL, April 13, 1983 (Fed. Proc., Fed. Amer. Soc. Exp. BioI.,
42 (1983) 1066, abstract).
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Fig. 1. Separation of B6 standards by HPLC.

Linear calibration curves for PL, PM, PN, and DPN were obtained; minimum
detectable quantities were 3 ng (18 nglml sample) for PL and 1 ng (6 nglml
sample) for PM and PN.

Extraction of B6 vitamers in milk samples
A known quantity of DPN was added to a 3-ml aliquot of pooled milk and

the solution mixed. Next, 0.6 ml of a 2 Ulml potato acid phosphatase (EC
3.1.3.2; orthophosphoric monoester phosphohydrolase; Sigma, St. Louis, MO,
U.S.A.) in 0.2 Mpotassium acetate, pH 4.5, was added to the sample in order to
hydrolyze the phosphate esters of the B6 vitamers [20]; samples were
incubated for 1 h in a 37°C shaker water bath. The protein was precipitated by
adding 0.25 ml of 100% trichloroacetic acid (TCA); the sample was mixed by
vortex and incubated for 15 min in a 50°C water bath. Methylene chloride,
3 ml, was added to the samples followed by vigorous shaking to remove lipids;
samples were then centrifuged for 15 min at 4°C and 4000 g. The resulting
supernatants were adjusted to pH 5.2 with 33% sodium hydroxide and filtered
through a 0.45-t.tm filter with a syringe attachment prior to injection into the
HPLC system.

A typical chromatogram of milk extract is depicted in Fig. 2. Peak identity
was confirmed by comparison of standard retention times with sample
retention times, use of relative retention times, spiking, and extra chromato­
graphic spectrofluorometry of eluates. Vitamer recoveries were determined by
spiking the samples before extraction. The recoveries were as follows: PL, 86%;
PM, 105%; and PN, 83%; the recovery of DPN was 95%. Phosphorylated
vitamers were recovered as their respective unphosphorylated forms as follows:
PLP -+ PL, 96%; PMP -+ PM, 70%; and PNP -+ PN, 83%. Hence, vitamer values
represent the sum of both the phosphorylated and unphosphorylated forms of
the vitamer. The data were not corrected for percent recoveries. The
coefficients of variation for B6 vitamer concentrations of milk samples that
were extracted and analyzed on different days were around 5%; the same was
true for the microbiological assay. The B6 vitamer content of samples from
three women was determined freshly expressed as well as frozen for 2 h and for
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procedures [23] for analyzing B6 vitamers in food materials was used to deter­
mine the PL, PM, and PN content of the milk samples. The assay inoculum was
prepared by incubating Saccharomyces uvarum (ATCC 9080, American Type
Culture Company, Rockville, MD, U.S.A.) on Pyridoxine Y media (Difco Labs.,
Detroit, MI, U.S.A.). The protein in the pooled milk samples was precipitated
using sulfosalicylic acid (0.1 g per 2 ml milk) [24]. The sample was then
centrifuged for 2 min at 3000 g and 40 C; the supernatant was filtered and 6 ml
of 0.2 M hydrochloric acid were added and the mixture was placed into a
boiling water bath for 1 h; this step enabled the phosphate groups to be cleaved
from the B6 vitamers. The pH of the sample was adjusted to 4.5 with 10%
potassium hydroxide. A glass column (250 mm X 17 mm O.D., 14.5 mm LD.,
250 ml reservoir) was used in the separation of the vitamers, the column
separation and subsequent analyses for B6 content were as described in the
AOAC procedure [23]. In order to check vitamer recoveries, milk samples were
spiked with each vitamer prior to extraction. The recoveries were as follows:
PL, 93%; PM, 87%; and PN, 84%. Milk samples were also spiked with
phosphorylated forms of the vitamers; these vitamers were dephosphorylated
and recovered as their respective unphosphorylated forms as follows: PLP -+

PL, 83%; PMP -+ PM, 85%; and PNP -+ PN, 82%. The data were not corrected
for percent recoveries.

Statistical analysis
The subjects were classified into adequate and inadequate status groups

based upon their coenzyme stimulation values. Coenzyme stimulation values
~ 16% [25] or > 25% [26] are considered to be indicative of vitamin B6

inadequacy. The criteria used for defining vitamin B6 inadequacy in the current
study is a stimulation value ~ 16%. All data were evaluated using analysis of
variance procedures [27]; means (X) and standard deviations (S.D.) were also
calculated. Pearson r correlation coefficients were determined between data
obtained for the various parameters.

RESULTS AND DISCUSSION

On the basis of their coenzyme stimulation of E-ALAT activities, the
subjects were classified as having either adequate or inadequate status; other
status parameters were not utilized in that values indicative of inadequate
status have not yet been established. Six subjects had coenzyme values> 25%
and one female had a value of 22.2%; these seven subjects were classified as
having inadequate vitamin B6 status. Fourteen subjects who had coenzyme
values <16% were classified as having adequate vitamin B6 status.

Anthropometric and dietary assessment
The age, height, and weight measurements of the subjects classified as having

inadequate and adequate vitamin B6 status were similar. These values for all
subjects combined were as follows: 27.1 ± 3.4 years, 164.4 ± 7.1 cm, and
58.6 ± 8.7 kg (X ± S.D.). The subjects were 4.6 ± 1.6 months (X ± S.D.)
postpartum.

No significant differences were observed between intake data obtained by
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the 24-h recalls and the four-day records. The average daily protein intake of
subjects classified as having inadequate and adequate vitamin B6 status were
similar; the intake for all subjects combined was 89.6 ± 21.4 g (X ± S.D.). The
vitamin B6 intake of the seven subjects classed as being inadequate in status was
1.16 ± 0.24 mg (X ± S.D.) daily; none of the subjects in this status group
reported taking supplements containing vitamin B6 • 'rhe fourteen subjects in
the adequate status group reported consuming 1.52 ± 0.34 mg (X ± S.D.) of
the vitamin from food sources; their intake from food and supplements
combined was 11.23 ± 16.32 mg daily (median was 5.17 mg; one subject
reported taking a supplement containing 65 mg of the vitamin). All of the
women in the group with adequate status reported taking nutrient supplements
that contained vitamin B6 • Women in the inadequate status group reported
consuming significantly less (p < 0.01) vitamin B6 from food, as well as from
food and supplements combined, than subjects in the adequate group. All of
the subjects classified as having inadequate status and five of the women
classed as adequate reported consuming a daily intake of vitamin B6 from food
sources that was less than two-thirds of the RDA for lactating women; none of
the subjects reported consuming as much as 2.5 mg daily (the RDA) of the
vitamin from food sources.

Vitamin B6 status assessment
The coenzyme stimulation of E-ALAT activities of subjects classified as

having inadequate and adequate vitamin B6 status was 34.9 ± 8.7% and 5.4 ±
6.4% (X ± S.D.), respectively. Stimulation values of the group classed as being
inadequate were significantly higher (p < 0.0001) than those classed as
adequate. The radioisotopically measured plasma PLP concentrations of
subjects classed as being inadequate (X ± S.D., 15.3 ± 5.9 ng/ml) were signifi­
cantly lower (p < 0.003) than those classed as being adequate (39.5 ± 18.1
ng/ml). Rose etal. [28] suggested that a plasma PLP level of < 8.5 ng/ml
represented inadequate vitamin B6 status; Russ et al. [29] suggested that a
value < 13 ng/ml was representative of inadequate status. All plasma PLP
values of subjects in this study exceeded 8.5 ng/ml but four subjects in the
inadequate classification group had values below 13 ng/ml. A Pearson correla­
tion coefficient of -0.59 (p < 0.005) was obtained in this study between
coenzyme stimulation of E-ALAT values and plasma PLP concentrations. Russ
et al. [29] reported finding a Pearson correlation coefficient of -0.60 between
these two parameters.

B6 Vitamers in milk by HPLC assay
The B6 vitamer content of milk from the subjects as measured by HPLC assay

are given in Table 1. Phosphorylated B6 vitamers were dephosphorylated and
quantitated in their respective unphosphorylated forms. The PL concentrations
of milk of women having inadequate classification were significantly lower
(p < 0.01) than values of the adequate group. The PM values for milk from two
subjects classed as inadequate were below minimum detectable levels. The PN
values for milk from five women classed as adequate and two subjects classed
as inadequate were below minimum detectable limits. The minimum detectable
limits for PM and PN were 1 ng per injection which may be equivalent to as
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TABLE I

B6 VITAMER CONTENT OF MILK BY HPLC ASSAY

Individual vitameric values represent the sum of both forms of the vitamer, the
unphosphorylated and the phosphorylated. Values represent X ± S.D. and are given in
pmol/ml.

Status PL PM PN Total B6

classification vitamers

Inadequate 226 ± 71* 42 ± 33** 51 ± 40 320 ± 103*
Adequate 627 ± 324 102 ± 63 42 ± 38 770 ± 341

*Significantly different from values of adequate group at p < O.Ol.
**Significantly different from values of adequate group at p < 0.05.

much as 6 pg/l. Non-detectable levels were statistically evaluated as being zero.
The PM concentrations of milk from women classed as inadequate were signifi­
cantly lower (p < 0.05) than those of the group classed as adequate. The PN
concentrations of milk from both classes of subjects were similar. The total B6

vitamer (TL) concentration of milk from women classed as having adequate
status as measured by HPLC assay was significantly lower (p < 0.01) than for
those in the adequate classification. Two significant Pearson correlation
coefficients were obtained between HPLC-derived data; these were as follows:
PL and TL, r = 0.98,p < 0.0001; PM and TL, r = 0.53, p < 0.02.

The predominant B6 vitamer in milk from subjects in both status classifica­
tions as measured via HPLC techniques was PL (representing both PL and PLP).
The percent distributions of B6 vitamers in milk from all subjects were as
follows: PL, 76.8 ± 14.3%; PM, 13.8 ± 8.9%; and PN, 9.4 ± 8.6% (X ± S.D.).
Vanderslice et al. [16] and Hamaker et al. [17] also found PL (PL + PLP)
to be the major vitameric form.

B 6 Vitamers in milk by microbiological assay
The B6 vitamer content of milk from the subjects as measured by micro­

biological assay is given in Table II; total B6 vitamers were calculated as a sum
of the vitamers. PL values for milk from the group classed as inadequate were

TABLE II

B6 VITAMER CONTENT OF MILK BY MICROBIOLOGICAL ASSAY

Individual vitameric values represent the sum of both forms of the vitamer, the
unphosphorylated and the phosphorylated. Values represent X ± S.D. and are given in
pmol/ml.

Status PL PM PN Total B6
classification vitamers

Inadequate 645 ± 57* 54 ± 11 56 ± 24 755 ± 66**
Adequate 820 ± 85 66 ± 15 68 ± 32 955 ± 98

*Significantly different from values of adequate group at p < O.OOOL
**Approached being significantly different from values of adequate group at p < 0.10.



256

significantly lower (p < 0.0001) than those of women in the adequate classifi­
cation. The PM and PN values for milk from the inadequate classification group
were rather similar to those of the adequate women. The total B6 vitamer
concentration of milk from women in the inadequate classification group
was significantly lower (p < 0.0001) than for the adequate group. The
following Pearson correlation coefficients were obtained between micro­
biologically derived data: PL and total B6 vitamers (TL), r = 0.96,p < 0.0001;
PM and TL, r = 0.51, p < 0.02; PN and TL, r = 0.43, p < 0.05.

The predominant B6 vitamer in milk from both inadequate and adequate
status groups as measured by microbiological techniques was PL (representing
PL + PLP). Approximately equal quantities of both PM and PN were present
in milk from both status groups. The percent distributions of B6 vitamers in
all subjects were as follows: PL, 85.7 ± 3.3%; PM, 7.0 ± 1.5%; and PN, 7.2 ±
2.8% (X ± S.D.).

Comparison of B 6 vitamer data obtained by HPLC and microbiological assays
Correlations were calculated between data obtained by HPLC and micro­

biological techniques. The PL and TL (total B6 vitamer) concentrations of milk
of all subjects as measured by HPLC and microbiological techniques were sig­
nificantly and highly correlated with each other (r = 0.63, p < 0.003, and r =
0.64, p < 0.002, respectively). PM and PN values obtained by HPLC assay were
not significantly correlated with those obtained using microbiological
techniques.

The concentrations of PL, PM, PN, and total B6 vitamers in human milk as
determined by HPLC procedures were rather similar to values obtained by
microbiological assay in the current study. These two methods are quite
diverse and have different methods of vitamer extraction. Excellent correla­
tions between HPLC and microbiologically derived data were observed in the
current study for PL and total B6 vitamers but not for PM and PN where several
values were observed to be below minimum detectable limits. Vanderslice et al.
[16] reported finding satisfactory agreement between microbiologically
measured total vitamin B6 and HPLC-derived total B6 vitamer (calculated by
addition) concentrations. Excellent recoveries from spikes were obtained in the
present study for both microbiological and HPLC assays including extraction
procedures.

B 6 Vitamers in milk versus status assessment
Significant correlations were obtained between the milk B6 vitamer values

and data obtained by the two status parameters (Table III). The B6 vitamer
content of the human milk as determined by both HPLC and microbiological
techniques was definitely highly correlated with the vitamin B6 status of the
lactating women as measured by both coenzyme stimulation of E-ALAT
activities and plasma PLP levels. Correlations approaching significance were
observed between estimated vitamin B6 intakes and coenzyme stimulation
activities (r = 0.39, p < 0.08) as well as plasma PLP values (r = 0.42,p < 0.06).
Significant or near significant correlations were also obtained between
estimated vitamin B6 intakes and the following milk B6 vitamer values: micro­
biologically derived (M) PL, r = 0.43, p < 0.06; MPN, r = 0.57, p < 0.008;
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Fig. 5. Dependence of S04 concentration on sweat weight. Line of best fit obtained by least­
squares regression and analysis of variance is also shown. Note that the influence of sweat
weight is modest when compared to the overall variation in S04 concentrations.

ly in this study (Table IV) and, although the combined sweat weight in males
was more than twice that in females, there was no sex-related difference in
sweat S04 concentrations.

The possible influence of sweat weight, a measure of secretion rate, on sweat
S04 concentrations was also examined (Fig. 5). The correlation coefficient was
-0.32 (p = 0.0025). Analysis of variance for a linear regression model yielded
an F statistic (FI 38 = 4.195) that was just below the 5% level of significance
(p = 0.048); conti~ued higher-order polynomials did not significantly improve
the fit. The slope of the line (y = -o.067x + 94.8) is such that sweat weight
exerts little influence on normal values.

DISCUSSION

The ultimate composition of the fluids produced by compound exocrine
glands is a reflection of two interacting transport processes. The first is initial
fluid formation; the second, subsequent modification of fluid by selective
reabsorption [22, 23]. Current evidence suggests that the primary secretion is
isotonic with extracellular fluid and is equivalent to serum ultrafiltrate [22,24].
Sweat and salivary glands are no exception, although they differ significantly in
fine structure and function. Determination of the solute profiles in human sub­
jects presents a technical challenge for all but the most abundant components.
While it is apparent that excretion of electrolytes in sweat or saliva plays only
a secondary role in mineral homeostasis [25], fluid composition may provide
important clues to the nature of systemic electrolyte transport disorders. Such
is the case in cystic fibrosis [26].

Previously, we have shown that controlled-flow anion chromatography is a
specific, sensitive and precise method for S04 determinations in serum and
cerebrospinal fluid [11, 13]. In this report, the same is shown for sweat and
saliva. To eliminate the problems of S04 contamination, the standard collection
procedures had to be modified. In doing so, normal values for saliva and sweat
S04 in fasting adults have been derived for the first time.

Previous attempts to estimate S04 concentrations in human secretions have
been made, but total sulfur content [27], or an upper limit [25], are the only
values reported. For saliva, the usual procedures which depend on precipitation
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TABLE VI

CONCENTRATION OF PA, MEHP AND DEHP IN SEVERAL BLOOD PRODUCTS AND
IN HUMAN PLASMA

Sample Concentration (Ilg{ml)

PA MEHP DEHP

Fresh frozen human plasma
(JRC) (n = 3) 0.3 ± 0.1 1.54 ± 0.3 26.7 ± 0.3

Concentrated human plasma platelet
(JRC) (n = 3) 0.6 ± 0.1 39.3 ± 6.8 267.0 ± 30.5

Plasmanate (n = 3) 12.0 ± 1.0 0.9 ± 0.1 2.0 ± 0.2
Dried human plasma (n = 3) 0.7 ± 0.1 N.D. 1.0± 0.1
Human plasma

(JRC) (n = 3) 3.0 ± 0.4 5.6 ± 1.1 72.5 ± 2.9
Human serum

(JRC) (n = 3) N.D! N.D. N.D.
Human plasma

(JBMC, imported from U.S.A.) (n = 2) 4.9 ± 0.0 54.4 ± 2.5 172.6 ± 5.6
Horse plasma (n = 1) 0.6 0.4 2.2
Horse serum (n = 3) N.D. N.D. N.D.

*N.D., not detected.

the case for human plasma from JRC. Furthermore, storage at room
temperature (22°C) may have caused the eluted DEHP to change into MEHP
and PA.

CONCLUSION

For the pretreatment of serum for the determination of PA, serum was
diluted four-fold with water followed by the addition of acid and ultrafiltra­
tion. The pretreatment of serum for the determination of MEHP was the
addition of acid and a mixture of diethyl ether-methanol (2:1), overnight
standing and centrifugation to obtain the supernatant. The pretreatment of
serum for the determination of DEHP was the addition of sodium hydroxide
followed by deproteinization with acetonitrile.

Under the isocratic HPLC conditions it was impossible to separate and deter­
mine PA, MEHP and DEHP simultaneously in serum. Therefore, determination
of PA and MEHP in serum was carried out by reversed-phase chromatography
employing ion suppression, and the determination of DEHP in serum was
carried out by reversed-phase chromatography without ion suppression.

The amount of DEHP eluted into blood products from the flexible bag
differed, depending upon the period of storage with or without centrifugation,
the storage temperature, etc. A large amount of DEHP was detected in human
platelet plasma. The amount of MEHP was about 1/7 that of DEHP. Detection
of PA and MEHP in addition to DEHP suggests the involvement of hydrolytic
enzymes.

About 0.1% of the DEHP in a flexible bag was found to have migrated into
concentrated human platelet plasma. Most of the PA and MEHP detected in
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with other drug conjugates [12, 13] suggest a similar phenomenon may be
happening for the ester conjugate of diflunisal. The 1-0-acyl conjugate would
pass through a 1,2-ortho acid ester intermediate [13, 16] going to 2-, 3- and
4-0-esters of glucuronic acid (Fig. 4).

Confirmation of the rearrangement products of diflunisal in the urine of
volunteers given radiolabeled diflunisal is depicted in a close comparison of a UV
chromatogram and a radioactivity chromatogram (Fig. 5). The residue of a
human urine extract (organic phase B') is chromatographed with 15-sec eluent
fractions collected and counted. The chromatographic peaks in Fig. 5 are
denoted (henceforth) as I, II, III, and IV. I represents the EtG and IV
represents the EsG, isolated and identified by Tocco et al. [2]. II and III
represent the acyl rearrangements of IV.

The isomerization is further supported by the 0 bservation that the loss of
the ester peak (IV) corresponds to the appearance of two broad peaks (II and
III) overtime (Fig. 6) in a human urine sample. The loss of IV seems to be
irreversible to II and III with slow hydrolysis to diflunisal.

Additionally, the literature [12, 13, 17] reports that only the 1-0-acyl
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Fig. 6. Chemical rearrangement and hydrolysis of the EsG. (A) Chromatogram of a clinical
human urine sample at pH 7.4 (0.2 M potassium phosphate buffer at pH 7.5, and urine, 1:1,
v/v) at T = 0 min at room temperature; (B) chromatogram of the same sample at T = 77 min;
(C) T = 154 min; (D) T = 353 min; (E) T = 505 min; (F) T = 1360 min; (G) chromatogram
of the above sample at T = 0 min, pH 4.3 (0.17 M sodium acetate buffer at pH 4.0, and
urine, 1:1, v/v) at room temperature; (H) T = 78 min; (I) T = 1323 min. The 1-0-acyl
glucuronide (IV) rearranges to peaks II and III. The ester isomers slowly hydrolyze to
diflunisal. The top tracing accompanying each UV chromatogram is the fluorometer
response. The comparison shows similar detector response for diflunisal, but much less for
the glucuronide conjugates.
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Fig. 7. Enzymatic hydrolysis of the EsG and EtG by j3-glucuronidase. (A) Chromatogram of
a clinical human urine sample, at pH 4.3 (0.17 M sodium acetate buffer at pH 4.0, and
urine, 1:1, v/v); (B) chromatogram of the above sample incubated over 12 h at 37°C with
j3-glucuronidase; (C) chromatogram of the above sample incubated without j3-glucuronidase
over 12 h at 37°C. The study suggests (supports previous findings [17]) that peaks I and
IV are naturally forming glucuronides of diflunisal. Peaks II and III (may be peak clusters)
are rearrangements of the ester conjugate (migration of diflunisal from C1 to C., C., C. on
the sugar moiety).

glucuronides can be enzymatically hydrolyzed. The enzymatic hydrolysis was
performed on a clinical sample at pH 4.0 containing I-IV (Fig. 7). Only peaks
I and IV completely disappear within an hour. A control at pH 4.0 incubated
without i3-glucuronidase is not affected. The results suggest peaks I and IV are
C1-O-conjugates and II and III are rearrangements of IV. Since the samples are
incubated for 24 h at 37°C and there is no loss of II and III, the migration of
diflunisal from C1 to Cz, C3 and C4 appears to be irreversible. Peaks II and III
are broader than I and IV and suggest the presence of multiple isomers (~ 2)
of IV (2-,3- and 4-0-esters of glucuronic acid).

Final evidence for peaks II and III involved MS analysis following their
isolation by HPLC from organic phase B' and concentration by high vacuum to
residues. Electron-impact mass spectra of underivatized II, III and IV gave
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TABLE V

REPRESENTATIVE HUMAN CONCENTRATION LEVELS (,ugjml) OF THE EsG AND
EtG OF DIFLUNISAL AND FREE DIFLUNISAL

Subjects received a single oral dose of 500 mg of diflunisal.

Time EtG EtG EsG EsG Free
interval based on based on based on based on diflunisal
(h) standards diflunisal* diflunisal diflunisal

after before
hydrolysis hydrolysis**

Subject 1
0 0 0 0 0 0
0-3 200.7 200.1 446.8 388.3 32.3
3-12 458.2 459.4 560.1 547.6 62.6

12-24 199.4 199.3 144.1 144.6 19.7
24-36 81.0 82.1 119.6 121.2 14.2
36-48 10.2 12.1 15.9 19.8 0
48-72 6.15 8.0 13.8 11.49 0
72-96 0 0 0 0 0

Subject 2
0 0 0 0 0 0
0-3 137.3 146.1 243.9 251.9 13.2
3--6 78.7 83.4 149.8 121.7 7.11
6-12 53.5 56.6 89.2 70.9 7.68

12-14 124.6 132.5 146.1 111.70 12.2
24-36 19.6 20.4 29.5 28.3 3.19
36-48 30.7 32.2 51.0 49.1 0
48-72 7.83 7.74 12.1 11.8 0
72-96 0 0 0 0 0

*Concentrations are determined from peak area ratios of the ether, a diflunisal calibration
curve and a conversion factor (1.79).
**Concentrations are determined from the peak area ratios of the ester peaks (includes re­
arrangements), a diflunisal curve and a conversion factor.

urinary levels of subject 2 are plotted in Fig. 9. Dose recovery is 95.7% for
subject 1 and 77.7% for subject 2.

The third approach for the assay methodology involves extrapolating a
conjugate concentration (with an appropriate peak area ratio) from a diflunisal
curve and a molecular weight factor. From the area of peak I, the EtG concen­
tration is determined; from the sum of the areas of peaks II-IV, the ester is
determined. The approach requires the chromatography of only one stabilized
urine sample. No standards are needed. The methodology (e.g. relative response
factors, linearity, etc.) has been evaluated with the EtG initially by comparing
concentrations of prepared standards (see Materials and methods) with
respective concentrations calculated from the peak area ratios of the EsG
standards, a diflunisal standard curve and 1.79 (Table VI). The maximum
difference over the linear concentration range 1.88-70.3 ,ugjml is 27.7% at
1.88 ,ugjml. The average ratio of standard concentrations (based on
radioactivity) to extrapolated over the concentration range is 1.005 ± 0.156..
Table V compares clinical sample concentrations of subjects 1 and 2 (discussed
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or plasma was linear over the range 0-1000 IJ.g/1 (plasma, r 0.980) and
0-2000 IJ.g/1 (blood, r = 0.988).

Analytical recovery, sensitivity and reproducibility
Recovery of cyclosporin A was determined by comparing the peak height

ratios after extraction of plasma and blood samples containing known amounts
of cyclosporin A with those of unextracted samples supplemented with the
same amounts of cyclosporin A. For the purpose of this calculation, the
internal standard was added to the samples just before injection into the chro­
matograph.

Cyclosporin A recoveries of 85% and 74% from plasma and blood,
respectively, were calculated at a concentration of 300 IJ.g/l.

The sensitivity of this method was evaluated by analysing plasma and blood
samples after addition of cyclosporin A in concentrations approaching the
sensitivity limit. Method parameters remained consistent to 251J.g/1 for plasma
and 35 IJ.g/1 for blood.

The reproducibility was evaluated after extraction of several plasma and
blood samples with given concentrations of cyclosporin (inter-assay) or after
repeated injections of the same extract (intra-assay).

The results are given in Table II.

TABLE II

INTRA- AND INTER-ASSAY COEFFICIENTS OF VARIATION (C.V.) FOR
CYCLOSPORIN A IN PLASMA AND BLOOD

Concentration n C.V.
(ltg/I) (%)

Intra-assay
Plasma 150 8 5
Blood 300 8 4.5
Inter-assay
Plasma 100 5 7

400 5 5
Blood 150 5 4

1000 5 7

APPLICATION OF THE METHOD

Approximatively 600 plasma and blood samples from ten patients have been
analysed by this method, with dosage just before treatment and sometimes 2 or
4 h after to assess the serum or blood peak. Fig. 3 shows a typical blood con­
centration curve after a single dose of cyclosporin A in a treated patient (2 X
200 mg per 24 h per os).

DISCUSSION

The first reported method employed for cyclosporin A determination was
radioimmunoassay (RIA) [8] which was initially developed for plasma and, as
shown later, was also applicable to blood samples, Its main drawback has been
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resolution and allows for isocratic conditions with the mobile phase 0.1% TFA­
acetonitrile (30:70). We preferred 0.1% TFA to water, because its use results in
sharper peaks.

The chromatograms of blanks from plasma and blood show fluctuations of
the baseline, which cannot be considered as interfering peaks, and are due to
the very high sensitivity of the detection (0.005 a.u.f.s.) and the short wave­
length (210 nm).

The time required for a sample analysis (extraction and chromatographic
analysis) is less than 45 min. The sensitivity limit appears adequate for the
monitoring of plasma or blood cyclosporin A concentrations in patients
receiving regular treatment with this drug.

The possibility of blood determination minimizes the problems of the
kinetics of cyclosporin A exchange between red cells and plasma. Moreover,
as the concentrations in whole blood are always significantly higher than in
plasma, we need in many cases a lower sensitivity.

CONCLUSION

The method reported is rapid and simple, and suitable for routine analysis
and therapeutic monitoring in most pharmacology laboratories.
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in the treatment of deep mycosis, we have verifyied that 5-fluorocytosine did
not interfere with the amphotericin B assay. Fig. 2 shows a chromatogram of
an extracted serum without any drug, and of the same serum with either 5­
fluorocytosine or amphotericin B added. It is clear that 5-fluorocytosine does
not interfere in the method.

Correlation of the physicochemical assay with the microbiological assays
The microbiological assays and the HPLC method were used simultaneously

for 60 serum samples. The correlation coefficient calculated from the values
represented in Fig. 3 was 0.7851 (regression equation y = 0.2234 ± 0.7008x).

DISCUSSION

Nilsson-Ehle et al. [15] proposed a rapid and selective HPLC assay for
amphotericin requiring many steps (deproteinization, centrifugation,
filtration). However, Mayhew et al. [5], using identical experimental condi­
tions, reported a fairly large coefficient of variation of 18% and an extraction
yield varying between 53% and 71% within a concentration range of 0.08-10.0
mg/l.

Our previous results using this procedure gave an extraction yield from a
standard solution of about 50% (Fig. 4). Furthermore, great variations were

B

I -4
B 10 A.u.

2 min.
t----<

405 nm
2min
t----<

Fig. 4. Influence of pH of mobile phase and extraction buffer on the recovery. (A) Extract
of 0.20 p.g of standard solution with a mixture (80:20) of methanol-EDTA pH 7.8 as
extraction buffer and mobile phase. (B) Extract of 0.20 p.g of standard solution with a
mixture (80:20) of methanol-water as extraction medium and mobile phase.
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observed with patients, the HPLC results being in agreement with those of
the bioassay only for some patients. It is well known (Merck Index) that the
solubility of amphotericin B in water varies considerably With pH, being
insoluble at pH 6-7 and soluble at 0.1 gil at pH 2 and 12. We considered it
important to use extraction and chromatographic conditions of pH compatible
with amphotericin B solubility. We have retained pH 7.8 since a more alkaline
pH could damage the column. Moreover, the procedure was simplified since we
used the same alkaline buffer as mobile phase and for protein precipitation and
amphotericin B extraction. Using the experimental conditions, the
amphotericin B extraction step was satisfactory and reproducible (Fig. 4) and,
since the recovery reached 80% (Table I), our assay was equivalent to previous
results [15, 16]. Moreover, in contrast with Golas et al. [16], our HPLC
method and the microbiological assays were simultaneously used for 60
patients' serum samples and a good correlation coefficient was obtained.
Monitoring the concentration of amphotericin B in biological fluids is the
usual way to adjust the drug regimen and it has been considered that we should
produce, 1 h after infusion, a serum concentration of about twice the minimal
inhibitory concentration of the fungus. However, the clinical usefulness of this
approach has been discussed since increasing amphotericin posology was not
always accompanied with increased serum concentrations. Most of the
administered dose is bound to sterol-containing membranes in different tissues
[4, 6, 8]. This rapid, sensitive and reproducible HPLC assay for amphotericin
will allow us to determine tissue levels which may be more relevant for the
clinical management of a patient [4, 8] .
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