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Abstract. In anticipation of studies relating vitamin B-6 status determined at autopsy to known
pathologic causes of death, the postmortem stability of pyridoxal phosphate (PLP) in the plasma,
skeletal muscle, and liver of pigs was assessed. Concentrations of plasma K, Mg, Na, and Ca also
were examined for postmortem stability using the pig as an experimental model. At | hr after
death, the mean plasma PLP concentration was essentially unchanged from that observed prior
to death. Thereafter, plasma PLP concentration increased with increasing postmortem time interval
and was 2.3 times greater than initial by 6 hr postmortem and 7.6 times greater than initial by
12 hr postmortem (P < 0.01). Skeletal muscle and liver PLP content were 35% lower than initial
by 6 hr postmortem (P < 0.01). Plasma K and Mg were significantly higher by 1 hr postmortem
(P < 0.01) while plasma Na concentration was significantly lower by 1 hr postmortem (P < 0.01).
Plasma Ca concentration was not significantly different at any measured time point. Knowledge
of the postmortem time interval appears to be required in order to evaluate the antemortem
vitamin B-6 status using pyridoxal phosphate values derived from autopsy samples. © 1987 Society

for Experimental Biology and Medicine.

Vitamin B-6 deficiency has been implicated
in the etiology of several diseases (1) including
heart disease (2, 3) and cancer (4). In addition,
a pharmacologic effect of this vitamin has re-
cently been reported for the partial manage-
ment of patients with sickle cell anemia and
asthma who possess an apparent vitamin B-6
deficiency or an altered metabolism of the vi-
tamin (5, 6). In view of the emerging relation-
ship between various illnesses and vitamin B-6
metabolism and status, it may be useful to
determine the vitamin B-6 nutritional status
of individuals at autopsy and relate these find-
ings to known illnesses or pathologic causes
of death. In anticipation of such investigations
with humans, we used the pig as an animal
model to study the postmortem stability of
pyridoxal phosphate in plasma, muscle, and
the liver.

Materials and Methods. Antemortem blood
samples were obtained with a heparinized 5-
ml syringe and a 16-gauge needle from the
superior vena cava of pigs weighing 10-13 kg.

! To whom reprint requests should be addressed at the
Beltsville Human Nutrition Research Center, Bldg. 307,
Rm. 216, U.S. Department of Agriculture, Beltsville, MD
20705.

The blood was centrifuged at 740g for 15 min
and the resulting plasma stored at —20°C until
analyzed for pyridoxal phosphate (PLP), so-
dium (Na), potassium (K), magnesium (Mg),
and calcium (Ca) concentrations.
Preliminary experimentation indicated that
the process of postmortem blood sampling
caused a more rapid onset of in situ postmor-
tem blood clotting than would normally occur
in an undisturbed animal. Therefore, Na hep-
arin was injected into the superior vena cava
(2800 USP K units/kg body wt) immediately
before death to prevent the premature onset
of postmortem blood clotting. Although the
administration of Na heparin prior to death
is a departure from normally occurring con-
ditions at time of death of humans, it is im-
portant to note that plasma and serum PLP
concentrations determined from antemortem
samples are equivalent (unpublished obser-
vations). In addition, the onset of postmortem
blood clotting may occur either rapidly or
many hours after death, depending on the cir-
cumstances of death and environmental con-
ditions at which the body is maintained (7, 8).
Thus, either plasma or serum samples may be
obtained at autopsy. The use of unclotted
blood in the present investigation greatly fa-
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cilitated the collection of multiple blood sam-
ples several hours apart from the same animal
(sampling procedure described below).

Following Na heparin administration, the
pigs were asphyxiated with CO, and approx-
imately 200 mg each of muscle from the right
hind quarter and liver tissue were obtained
and are considered antemortem samples.
Muscle and liver samples were homogenized
with a Polytron tissue homogenizer (Brink-
mann Instruments, Westbury, NY) in 100 vol
(w:v) ice-cold 0.2 M sodium phosphate buffer
(pH 7.4) and stored at —20°C until analyzed
for PLP and protein content.

Following death, the pigs were maintained
in a room at 25°C, humidity 45%. Postmor-
tem blood samples were obtained by opening
the chest wall and pericardial sac; then blood
was removed with a 2-ml syringe and 18-gauge
needle at 1, 6, and 12 hr postmortem from
the superior vena cava, inferior vena cava,
right atrium, and aorta. To prevent leakage of
heparinized blood from the above blood sam-
pling sites, the needles were left in place and
a new syringe attached to them until the next
blood sampling. Between blood samplings, sa-
line-dampened cheesecloth was placed over
the exposed abdominal and chest cavity and
covered with plastic wrap to prevent dessica-
tion of internal tissues. Postmortem muscle
and liver tissues were obtained at 6 and 12 hr
after death. All postmortem samples were
processed and stored as described above for
the antemortem samples.

Plasma, muscle, and liver PLP were deter-
mined using a modified (9) L-tyrosine apo-
decarboxylase enzymatic assasy of Chabner
and Livingston (10) utilizing L-[1-'*C]tyrosine
and partially purified tyrosine apodecarbox-
ylase isolated from Streptococcus faecalis (11).
Protein contents of muscle and liver were de-
termined by the method of Lowry ef al. (12).
Plasma Ca and Mg concentrations were de-
termined using flame atomic absorption spec-
trometry with plasma samples diluted in 0.5%
lanthanum. Plasma Na and K concentrations
were determined using flame atomic emission
spectrometry with the plasma diluted in
deionized H;0. The Student Newman-Kuels
multiple-range comparison test (13) was uti-
lized to determine differences between the
means.
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FIG. 1. Postmortem change in plasma pyridoxal phos-
phate concentration in pigs asphyxiated with CO, and
maintained at 25°C, humidity 45%. *Significantly different
(P < 0.01) from antemortem concentrations.

Results. Postmortem changes of pyridoxal
phosphate. Figure 1 depicts the changes in
plasma PLP that occur postmortem. Each
point represents the mean of seven to nine
plasma samples obtained from either the su-
perior vena cava, the inferior vena cava, the
right atrium, and/or the aorta of two to five
pigs asphyxiated with CO, and maintained at
25°C, humidity 45%. The values are expressed
as a percentage of the initial antemortem con-
centration with each pig serving as its own
control. The mean (+SEM) antemortem
plasma PLP concentration was 19 + 1 nM.
PLP concentrations of plasma samples ob-
tained 1 hr after death were essentially the
same as antemortem plasma PLP concentra-
tions and no consistent difference was ob-
served between sampling sites. However, the
mean plasma PLP concentration at 6 hr post-
mortem was 2.3 times greater than antemor-
tem and 7.6 times greater than antemortem
by 12 hr postmortem (P < 0.01).

Similar postmortem increases in plasma
PLP were observed in one pig killed by a lethal
dose of Na pentabarbital administered peri-
toneally (data not shown). This implies that
postmortem changes observed for pigs killed
by asphyxiation with CO, are probably not
related to increased blood acidosis which is
produced by breathing CO; (14). Interestingly,
when heparinized whole blood obtained from
live pigs was incubated in vitro in the dark at
room temperature, the plasma PLP concen-
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tration gradually decreased to approximately
65% of initial concentration by 12 hr (data not
shown). This indicates that the postmortem
changes in plasma PLP concentration which
occur in situ are not related exclusively to pro-
cesses associated with plasma and erthrocytes.
Rather, the postmortem changes in plasma
PLP concentration may be due to interaction
of the blood vessel and other tissues with
plasma and erythrocyte constituents.

Figures 2 and 3 represent changes in muscle
and liver PLP contents that occur after death.
The mean (xSEM) initial muscle and liver
PLP contents were 58 + 6 and 31 *= 4 pmol
PLP/mg protein, respectively. In contrast to
the increase of PLP observed in plasma, the
PLP content of muscle and liver decreased to
64% of antemortem levels by 6 hr postmortem
(P < 0.01). At 12 hr postmortem, muscle and
liver PLP content had decreased to 58 and 54%
of their respective antemortem values.

Postmortem changes of plasma minerals.
The Na heparin solution that was injected im-
mediately prior to death contained 11,190 ug
Na/ml compared to the mean antemortem
plasma Na concentration of 2970 ug/ml. Ap-
proximately 2 ml of this Na heparin solution
was slowly injected into the superior vena cava
and allowed to circulate for 2-3 min before
death. Using the mean hematocrit of the pigs
utilized (30.0) and assuming that blood com-
prises 8.8% of total body weight (14), the con-
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FIG. 2. Postmortem change in skeletal muscle pyridoxal
phosphate content in pigs asphyxiated with CO, and
maintained at 25°C, humidity 45%. *Significantly different
(P < 0.01) from antemortem content.
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FIG. 3. Postmortem change in liver pyridoxal phosphate
content in pigs asphyxiated with CO, and maintained at
25°C, humidity 45%. *Significantly different (P < 0.01)
from antemortem content.

tribution to plasma Na concentration from the
administered Na heparin is approximately 30
pg/ml or 1% of the antemortem concentration.

The mean postmortem changes of plasma
Na, K, Mg, and Ca concentrations are shown
in Fig. 4. Na concentration is significantly
lower by 1 hr postmortem (P < 0.01) and
gradually decreases to 81% of antemortem
concentration by 12 hr. Plasma potassium
concentration increased rapidly after death
and was significantly elevated at 1 hr post-
mortem compared to the mean antemortem
concentration (P < 0.01). Plasma K concen-
tration continued to increase such that by 12
hr postmortem, the mean plasma K concen-
tration was 5.1 times greater than the ante-
mortem K concentration. Plasma Mg con-
centration increased to a mean value 2.1 times
greater than the antemortem concentration by
1 hr postmortem (P < 0.01). Plasma Mg con-
centration continued to increase with increas-
ing postmortem time interval and was 3.4
times greater than antemortem concentration
by 12 hr. In contrast, plasma Ca concentration
was not significantly different from antemor-
tem concentrations at any meaured time
point.

Discussion. The present investigation was
undertaken to determine the in situ postmor-
tem stability of PLP. The determination of
plasma PLP is of interest because currently it
is considered the single best method for vita-
min B-6 nutritional status assessment (15, 16).
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FIG. 4. Postmortem change in plasma K, Na, Ca, and Mg concentration in pigs asphyxiated with CO,
and maintained at 25°C, humidity 45%. *Significantly different (P < 0.01) from antemortem concentrations.

The study was conducted in anticipation of
investigations designed to relate vitamin B-6
status determined from autopsy samples to
known pathologic causes of death. Because the
pig is biochemically similar to humans with
respect to metabolism in general and also in
their plasma concentration of PLP (17), we
chose the pig as an appropriate animal model
for studying the stability of PLP in samples
obtained at autopsy. It should be emphasized
that similar studies of the postmortem stability
of PLP in human samples must be performed
before valid interpretation of PLP values de-
termined from autopsy samples can be made.
Data from the present investigation with pigs
indicate that the determination of PLP in au-
topsy samples could be of use in estimating
vitamin B-6 status immediately prior to death.
Because plasma PLP concentrations increase
after death rather than decrease, the postmor-
tem determination of plasma PLP concentra-
tions might be used to detect severe antemor-
tem vitamin B-6 deficiency. An inadequate
vitamin B-6 status would be indicated by
postmortem plasma PLP concentrations less
than those reported to indicate adequate an-
temortem vitamin B-6 status (18). However,
postmortem plasma PLP concentrations equal
to or greater than the concentrations suggested
as indicating adequate vitamin B-6 nutriture

must be interpreted with caution. Because of
the postmortem increase in plasma PLP con-
centration, marginal deficiencies will be dif-
ficult to detect unless the postmortem samples
are obtained very quickly after death and the
postmortem time interval is known.

For ethical reasons, the determination of
skeletal muscle and liver PLP content cur-
rently are not employed for human vitamin
B-6 status assessment. However, skeletal mus-
cle may be useful for estimating vitamin B-6
status at autopsy. Lumeng et al. reported that
skeletal muscle PLP content was approxi-
mately threefold lower in vitamin B-6-defi-
cient rats compared with that of sufficient
controls. In addition, skeletal muscle PLP is
correlated strongly with plasma PLP concen-
trations during both vitamin B-6 deficiency
and sufficiency (19). Considering the degree
of change observed at autopsy for skeletal
muscle PLP in pigs (35% lower by 6 hr post-
mortem) and the magnitude of difference in
skeletal muscle PLP content between deficient
and sufficient rats (threefold lower), the post-
mortem determination of skeletal muscle PLP
might be of use in estimating antemortem vi-
tamin B-6 status. However, normal values for
human skeletal muscle PLP content are cur-
rently unavailable and would need to be es-
tablished before muscle PLP could be utilized



POSTMORTEM PLP CONCENTRATIONS

for this purpose. Alternatively, skeletal muscle
autopsy control samples (such as from acci-
dent victims) could be used in investigations
concerning vitamin B-6 status and known
pathologic causes of death. Liver PLP content,
compared with plasma and muscle, is much
more refractory to changes in dietary vitamin
B-6 intake (19) and therefore is of limited use-
fulness for assessing vitamin B-6 status.

The postmortem increase in plasma PLP
and decrease in muscle and liver PLP can be
partially accounted for by the hemoconcen-
tration which occurs after death due to failure
of the Na-K-ATP pump. Cessation of the Na-
K-ATP pump allows for a redistribution of
Na™, Cl, and K* between intra- and extra-
cellular space (20), leading to a net movement
of H,O from extra- to intracellular space. Be-
cause PLP does not readily cross cell mem-
branes (21-23) plasma PLP concentrations
should increase as hemoconcentration occurs.
Conversely, as H,O passes into intracellular
space, the PLP content of muscle and liver
would be diluted. Postmortem redistribution
of H,O from extra- to intracellular space has
been demonstrated by measuring inulin space
of rats sacrificed by ether asphyxiation or tra-
ceal occulation (24). Hodgkinson and Ham-
bleton reported a twofold decrease in extra-
cellular fluid volume by 22 hours postmortem
in rats stored at 4°C (24). Thus, the postmor-
tem increase in plasma PLP concentration
partially can be explained on the basis of H,O
redistribution after death. Serum and plasma
alkaline phosphatase activities have been re-
ported to increase after death (25-28) and
would be expected to cause a decrease in the
concentration of PLP via hydrolysis to yield
pyridoxal and inorganic phosphate. However,
serum and plasma phosphorus concentrations
also increase after death (8, 29) and may in-
hibit the alkaline phosphatase-catalyzed deg-
radation of plasma PLP. Although the effect
of temperature was not assessed in the present
study, several investigations have lead to the
conclusion that postmortem changes are de-
layed by refrigeration of the body after death
(24, 26, 29, 30). Therefore, postmortem
changes in plasma PLP concentration also
might be slowed by refrigeration of the body.

With respect to postmortem plasma mineral
concentrations, postmortem changes previ-
ously have been reported for dogs, humans,

289

and rats and are similar to those reported here
for pigs. Schoning and Strafuss used samples
obtained from dogs sacrificed with an overdose
of Na pentabarbital and observed a rapid
postmortem rise in K, a gradual decrease in
Na, and no change in serum Ca concentrations
(29). Jetter (8) and Naumann (31) reported a
rapid postmortem elevation of human serum
or plasma K concentrations and no change in
plasma or serum Ca concentrations. Hodg-
kinson and Hambelton reported a postmortem
increase in serum K and Mg and a decrease
in Na concentrations in rats (24). Thus, our
animal model utilizing pigs yields results for
postmortem changes in plasma mineral con-
centrations which are similar to those obtained
with other animal models. This observation
suggests that postmortem changes in PLP
concentrations also may be comparable across
species.

The present investigation provides infor-
mation concerning vitamin B-6 status assess-
ment at autopsy. We observed a postmortem
increase in plasma PLP and a postmortem de-
crease in skeletal muscle and liver PLP in pigs.
Thus, knowledge of the postmortem time in-
terval appears to be requisite for valid inter-
pretation of PLP determinations in samples
obtained at autopsy. Additional investigations
utilizing human autopsy samples should be
conducted to provide more definitive infor-
mation as to the use of postmortem tissues for
antemortem vitamin B-6 status assessment, as
it may relate to disease state and cause of
death.
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assistance of Dr. Ben H. Stroud and A. David Hill.
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