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SMOLEN, A., T. N. SMOLEN AND A. C. COLLINS. Seizure susceptibility of the pregnant mouse. PHARMAC. 
BIOCHEM. BEHAV. 17(l) 91-97, 1982.-The effect of pregnancy on chemically-induced seizures in mice was studied. 
Latencies to myoclonic and clonic seizures induced by inhalation of flurothyl were significantly reduced at days 12 through 
18 of gestation. Parturition resulted in a return of seizure susceptibility to control levels. The possibility that this effect 
might be mediated by decreased neurotransmitter levels subsequent to the decreased vitamin B, levels which are known to 
occur during pregnancy was suggested. A pregnancy-associated liver cytosolic aldehyde dehydrogenase (r-AlDH) utilized 
pyridoxal as a substrate, and the peak of n-AlDH activity was shown to coincide with the peak of seizure susceptibility. The 
activity of aldehyde oxidase, the major enzyme normally responsible for the metabolism of pyridoxal, was reduced in 
pregnant animals. The pyridoxal 5’-phosphate synthesizing enzymes, pyridoxal kinase and pyridoxamine phosphate 
oxidase, were marginally increased in activity during pregnancy. It was suggested that the increased activity of n-AlDH was 
indirectly responsible for the increased seizure susceptibility due to increased metabolism of pyridoxal. -- 
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A CYTOSOLIC form of aldehyde dehydrogenase (AlDH), 
which has been termed Z--AIDH is induced in the pregnant 
mouse [15,21]. The activity of this enzyme increases 2- to 
3-fold during pregnancy, and its activity drops rapidly after 
parturition. n-AIDH has broad substrate specificity, is NAD+ 
linked, and is induced specifically in liver cytosol. The fac- 
tors which cause the induction of this pregnancy-associated 
enzyme are not known. The physiological substrate of 
Z--AlDH is also not known, but it was discovered that 
pyridoxal, a form of vitamin B,;, could serve as a substrate. 
(Throughout this paper vitamin B, refers to any of the sev- 
eral forms of the vitamin, whereas pyridoxal 5’-phosphate 
refers to that vitamer exclusively.) 

There is an increased requirement for vitamin B, in preg- 
nant women [ 1 I] and experimental animals [3]. The blood (or 
plasma) concentration of pyridoxal 5’-phosphate (PLP), the 
coenzyme form of vitamin B,, is very low during pregnancy 
as evidenced by direct measurement of PLP [3,11], or by 
measurement of urinary metabolites which are dependent 
upon PLP-linked enzyme reactions for further metabolism 
[8]. The deficiency of vitamin B, in toxemic pregnancies is 
apparently greater than in normal pregnancies [2,26], and 
vitamin B, supplementation has been advocated by several 
workers as a means of preventing or reducing some of the 
complications of pregnancy [2, 11, 261. 

Pyridoxal .5’-phosphate serves as coenzyme for a number 

of enzymes involved in the intermediary metabolism of 
amino acids. The synthesis of the neurotransmitters norepi- 
nephrine, dopamine, serotonin, and y-aminobutyric acid 
(GABA) are all dependent on PLP-linked reactions. Deli- 
ciency of PLP is known to be associated with increased sus- 
ceptibility to experimentally induced seizures in mice [18] 
and spontaneous seizures in humans [ 141. It seemed reason- 
able to predict that pregnancy would, therefore, create a 
predisposition to induced or spontaneous seizures; and that 
the risk of suffering a seizure would be greatest late in preg- 
nancy. In this paper we report that pregnant mice are more 
susceptible to seizures than are virgin controls. 

The cause of the vitamin B, deficiency which accom- 
panies pregnancy is not known. Certainly some PLP is 
shunted from the mother to the fetus as indicated by higher 
PLP concentration in cord blood than maternal blood at de- 
livery in humans [l], however, it seems unlikely that this 
mechanism could account for the magnitude of the vitamin 
B, deficiency generally observed during pregnancy. It was 
reported that PLP deficiency in pregnant rats could not be 
overcome even with supplementation of their diets with ex- 
cessive amounts of pyridoxine [19]. If shunting was respon- 
sible for the deficiency of PLP, then dietary supplementation 
would be expected to bring the levels up to normal. This lack 
of efficacy indicated some abberation in the synthesis or 
metabolism of PLP. The major metabolite of vitamin B, is 
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ABBREVIATIONS USED IN THE TEXT 

AlDH 
A0 
ATP 
EDTA 

FAD 
PLP 
NMN 

Aldehyde dehydrogenase 
Aldehyde oxidase 
Adenosine triphosphate 
Ethylenediaminetetraacetic acid, 

sodium salt 
Flavin adenine dinucleotide 
Pyridoxal5’-phosphate 
N1-methylnicotinamide 

4-pyridoxic acid, which is formed from pyridoxal in an 
FAD-linked oxidation catalyzed by aldehyde oxidase (AO) 
[22]. However, rats genetically lacking A0 can still produce 
4-pyridoxic acid from an NAD+-linked oxidation involving 
AlDH, which is normally a minor pathway of pyridoxal me- 
tabolism [23]. Our studies suggest that synthesis of PLP is 
not changed markedly during pregnancy, but that induction 
of QT-AlDH may result in increased metabolism of pyridoxal. 
The resultant reduction in PLP concentration is thought to 
predispose pregnant mice to experimentally-induced sei- 
zures . 

METHOD 

Animals 

The animals used in this study were female Heteroge- 
neous Stock (HS) mice [12], 60-100 days old. Mice were 
maintained on a 12 hr light/dark cycle (0700-1900) and were 
allowed free access to food (Wayne Sterilizable Lab Blox 
containing 8.13 ppm pyridoxine) and water. 

For all of the experiments in this paper controls were 
virgin females of approximately the same age as experi- 
mentals. Day 1 of pregnancy was ascertained by observance 
of vaginal plug. Plugged females were separated from the 
males and housed in groups until the day they were used for 
the experiment. Separate groups of animals were tested for 
seizures at various times throughout gestation and lactation. 
After testing, animals which were not visibly pregnant (days 
7, 9 and 12 after mating) were sacrificed, and the uterus was 
examined for the presence of fetuses. After parturition, 
females were allowed to nurse four pups each until the day 
they were used for an experiment. To test the effect of lacta- 
tion on seizure susceptibility, the pups were removed from 
some mothers on the morning they delivered. This non- 
lactating group was seizure tested on the twelfth postpartum 
day and was compared to lactating animals. Animals were 
used only once. Mice which had been seizure tested were not 
used for subsequent biochemical determinations. 

Seizure Testing Procedure 

Seizures were induced by inhalation of bis[2,2,2- 
trifluoroethyl] ether (flurothyl, Indoklon’s) which was ob- 
tained from Air Reduction Corporation. The procedure used 
has been detailed previously [6]. Briefly, the apparatus con- 
sists of a modified 435ml ointment jar. The screw cap lid has 
a rubber septum mounted in the center through which the 
dlurothyl is injected onto a l-cm square of Whatman No. 1 
tilter paper which is suspended 1.5 mm below the septum and 
held in a Plexiglas support. Two glass tubes (one connected 
to a water aspirator) extending through the lid into the 

chamber can be closed off with pinchcock clamps to keep the 
chamber air tight. The tubes are cemented in place with 
epoxy. After the end of the test period, the clamps are re- 
leased, the aspirator turned on, and the chamber flushed 
with air to remove the excess flurothyl. 

The animal to be tested was placed in the chamber and 5 
~1 of flurothyl was injected into the chamber. This dose was 
chosen since it produces good separation of myoclonus and 
clonus in several inbred strains and selected lines of mice 
[6] (T.N.S., unpublished). The latencies to the first myo- 
clonic and clonic seizure were recorded to the nearest second. 
All testing was done between 1300 and 1600 hrs because of 
the circadian rhythmicity of clonic seizure threshold 1281. 
The mouse remained in the chamber for 5 min or until onset 
of a clonic seizure. Animals which did not have a clonic 
seizure were given a score of 300 (set). Under the conditions 
of time and dose of flurothyl used in this study, no animal 
ever had a tonic seizure. Delivery at term was normal follow- 
ing testing. The pups were not studied-we were interested 
only in embryonaVfeta1 survival following seizures, and sur- 
vival was apparently unaffected. 

Enzyme Assuys 

Four enzymes known or suspected to be important in 
vitamin B, synthesis and degradation were measured using 
established methods with only minor modifications. These 
were: aldehyde dehydrogenase (aldehyde:NAD+ oxi- 
doreductase, EC 1.2.1.3); aldehyde oxidase (aldehyde: 
oxygen oxidoreductase, EC 1.2.3.1); pyridoxal kinase 
(ATP:pyridoxal 5’-phosphotransferase, EC 2.7.1.35); and 
pyridoxamine 5’-phosphate oxidase (pyridoxamine 5’- 
phosphate: oxygen oxidoreductase [deaminating], EC 
1.4.3.5). Tissues were prepared from three groups of mice: 
virgin controls, pregnant (day 1.5) and postpartum (morning 
of delivery). Animals were killed by cervical dislocation, the 
tissues were removed quickly, and all subsequent prepara- 
tive steps were performed at 4”. 

Enzyme assays were run at 37” in duplicate. Appropriate 
blanks were used to correct for non-enzymatic reactions as 
indicated. For timed incubations, the assays were linear for 
the amount of protein employed over the time interval used. 
All reagent concentrations given are final concentrations in 
the reaction mixture. All substrates and coenzymes were 
prepared daily. Absorbance measurements were made in 
either a Cilford 240 or Beckman 35 spectrophotometer 
zeroed against distilled water. Proteins were determined by 
the Lowry method [lo]. Reagents were obtained from Sigma 
Chemical Co. and Aldrich Chemical Co. 

Aldehyde Dehydrogenase 

Cytosolic rr-AlDH was prepared from the livers of mice as 
detailed previously [21]. The livers were homogenized in 8 
volumes of 0.25 M sucrose and centrifuged at 10,000 g for 10 
min. The supernatant fraction was then centrifuged for 40 
min at 100,000 g, and the resulting supernatant, designated 
the cytosolic fraction, was used for assay of AfDH activity. 
The reaction mixture contained 2.5 mM propionaldehyde, 
! .O mM NAD+, 1.0 mM pyrazole and liver supernatant (50 ,ul 
containing 300-400 pg protein) in 50 mM sodium pyrophos- 
phate, pH 9.6, in a total volume of 1.0 ml. The reaction was 
initiated by addition of enzyme, and the velocity was moni- 
tored by following production of NADH at 340 nm. The 
oxidation of pyridoxaI.HCl was measured in the same sys- 
tem with 1.0 mM pyridoxal.HCl as the substrate. Enzyme 
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activity was calculated from the initial velocity using the 
molar extinction coefficient of NADH, 6220 M-l cm-l. 
Blanks contained no substrate. 

Kinetic constants for propionaldehyde and pyridoxal 
were determined in the presence of 1.0 mM NAD+. 
Lineweaver-Burk plots of the data were biphasic, as re- 
ported ‘earlier, and kinetic constants were estimated by ex- 
trapolation of the linear portions of the curves [21]. 

Aldehyde Oxidase 

The method of Rajagopalan and Handler [16] was used to 
measure the activity of AO. The cytosolic fraction of liver 
homogenates served as the source of enzyme. This reaction 
monitors the conversion of N1-methylnicotinamide (NMN) 
to N1-methyl-6-pyridone-3-carboxamide by the increase in 
absorbance at 300 nm. The 1 .O ml reaction mixture contained 
5.0 mM NMN, 10 pg catalase (to destroy peroxide), SO ~1 of 
the cytosolic fraction and 50 mM potassium phosphate, pH 
7.8, containing 0.005% EDTA. The reaction was started by 
addition of substrate and monitored continuously at 300 nm. 
Blanks contained no substrate. The production of the 
pyridone was calculated from its molar extinction coeffi- 
cient, 4230 M-l cm-l. 

Pyridoxal Kinase 

Pyridoxal kinase activity was measured in brain homoge- 
nates according to the method of McCormick et al. [13]. 
After sacrifice, the brains were quickly removed and the 
combined cortex, midbrain and cerebellum were ho- 
mogenized in 2.0 ml of 75 mM potassium phosphate, pH 
6.8, using a Potter-Elvehjem homogenizer. The homogenates 
were centrifuged at 20,000 g for 20 min to remove most of the 
particulate material. The resulting supernatant fraction was 
the source of the enzyme. 

The incubation mixture contained 1.0 mM ATP, 0.5 mM 
pyridoxal.HCl, 0.12 mM zinc chloride, brain supernatant 
(100 ~1 containing ca 300 pg protein) and 75 mM potassium 
phosphate, pH 6.0, in a total volume of 1.0 ml. The reaction 
was initiated by addition of ATP and the production of PLP 
was measured at 388 nm using the molar extinction coeffi- 
cient of 4900 M-l cm-“. After a 5 min incubation at 37”, an 
initial absorbance reading was taken. The tubes were incu- 
bated in the dark for one hr, after which a final absorbance 
reading was made. The absorbance change over this interval 
minus the blank (no ATP) was used to calculate the enzyme 
activity. 

Pyridoxamine Phosphate Oxidase 

Pyridoxamine phosphate oxidase was measured in liver 
homogenates according to the procedure of Wada and Snell 
[27] in which PLP, produced from pyridoxamine 5’- 
phosphate, is measured as its phenylhydrazine derivative. 
Livers were removed and homogenized in 4 volumes of 50 
mM sodium phosphate, pH 8.0. The homogenate was cen- 
trifuged at 20,000 g for 20 min and the resulting supematant 
was used as the source of enzyme. The reaction mixture 
contained 0.5 mM pyridoxamine 5’-phosphate and liver su- 
pernatant (1.0 ml containing 15-20 mg protein) in 50 mM 
sodium phosphate, pH 8.0, in a total volume of 1.5 ml. 
Blanks contained no substrate. The reaction was initiated by 
the addition of substrate, and was allowed to proceed for 30 
min in the dark. It was terminated by the addition of 300 ~1 of 
ice-cold 50% (w/v) trichloroacetic acid followed by rapid 

mixing. After standing for 5 min, the samples were cen- 
trifuged for 10 min at 1500 g to sediment the precipitated 
protein. Four hundred-f#ty ~1 of the clear supematant was 
added to 50 ~1 of phenylhydrazine reagent: 2% (w/v) 
phenylhydrazine.HCl in 10 N sulfuric acid. After standing 
for 10 min at room temperature, the absorbance was meas- 
ured at 410 nm. The amount of PLP produced was calculated 
from the molar extinction coefficient of the phenylhydra- 
zone, 24,300 M-l cm-l. 

Data Analysis 

For the seizure data, groups of animals were tested for 
seizures at days 0, 7, 9, 12, 15 and 18 of pregnancy, at par- 
turition, and days 3, 7, 12 and 20 postpartum. Groups con- 
tained 20 animals each except for days 12 and 20 postpartum 
which contained 18 and I5 mice, respectively. Each animal 
received two scores: latencies (set) to myoclonic seizure and 
to clonic seizure measured from the time flurothyl was in- 
jected into the chamber. Data were analyzed by one-way 
analysis of variance following a natural logarithm transfor- 
mation of the raw data to correct for nonhomogeneous vari- 
ances. Differences in individual sample means were detected 
using the Tukey B test for critical differences [29]. Data 
comparing control, lactating and non-lactating animals were 
analyzed by a separate analysis of variance. 

Enzyme data were analyzed by one-way analysis of vari- 
ance followed by the Tukey B post hoc test. Specific activity 
and total activity measurements were analyzed separately. 
In all comparisons ~~0.05 was considered to be significant. 
Significant F values are reported in the footnotes to the ap- 
propriate figure or table. 

RESULTS 

During pregnancy mice become markedly more suscep- 
tible to flurothyl-induced myoclonic and clonic seizures as 
indicated by the reduced time required for onset of seizures 
(Fig. 1). The latencies to myoclonus and clonus remained at 
control levels until day 9 of gestation when myoclonic 
threshold was significantly reduced (p<O.O5). On days 12, 15 
and 18 of gestation the mice were markedly more prone to 
flurothyl seizures @<O.Ol) and the response was quite 
homogeneous among the animals for both measures. There 
was no statistical difference in the seizure scores for days 
12-18. Parturition (usually at day 20) resulted in a return of 
seizure susceptibility to control levels. After parturition the 
latency to myoclonic seizures of the (nursing) females re- 
mained at or near control values. The clonic seizure score 
was lowered on days 12 and 20, but not significantly so be- 
cause of the large variances in these groups. Still, this 
suggested that nursing might have had an effect on seizure 
activity, which was examined more closely. 

Table 1 shows the effect of lactation on seizure threshold. 
Lactating mice were significantly more prone to clonic sei- 
zures than either control or non-lactating mice. Myoclonic 
seizures were not affected by lactation. The effect of lacta- 
tion on clonic seizures was not examined further. 

The possibility that +AlDH could be indirectly responsi- 
ble for the increased susceptibility to seizures during preg- 
nancy by metabolizing pyridoxal was investigated. The re- 
sults are shown in Table 2 along with the values for a refer- 
ence substrate, propionaldehyde. Liver homogenates ob- 
tained from pregnant animals show an increased capacity to 
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TABLE 1 

EFFECT OF LACTATION ON SEIZURE SUSCEPTIBILITY 

0 4 8 12 16 P 4 8 12 16 20 
(prepartum) DAY OF PREGNANCY (postpartum) 

FIG. 1. Influence of pregnancy and lactation on flurothyl-induced 
seizures in the mouse. Day of pregnancy was timed from observance 
of vaginal plug. Each value is the mean+SEM of 20 animals per 
group except the points at days 12 and 20 postpartum which are 
based on 18 and 15 animals, respectively. P indicates the day of 
parturition. l , latency to clonus: F(2,262)=5.89, p<O.OOl. 0; la- 
tency to myoclonus: F(2,202)=4.72, n<O.OOl. “Simrificantlv differ- 
ent from control, p<O.bi by’ Tukey B test. %ign&cantly different 
from control, ~~0.05 by Tukey B test. CSignificantly different from 
day of parturition, p<O.Ol by Tukey B test. %ignificantly different 
from day of parturition, pcO.05 by Tukey B test. 

metabolize pyridoxal. The peak of pyridoxal dehydrogenase 
activity occurs at day 15 of gestation which is coincident 
with the peak of propionaldehyde dehydrogenase activity 
and maximal seizure susceptibility. The K, values are not 
changed for either substrate during pregnancy. The V,,, 
values for propionaldehyde are elevated in the pregnant 
mouse, but the V,,, is unchanged for pyridoxal oxidation. 
Pyridoxal 5’-phosphate was not utilized as a substrate for 
7~- AlDH . 

Since aldehyde oxidase is normally considered to be re- 
sponsible for most of pyridoxal metabolism, its activity was 
measured and the results are presented in Table 3. The ac- 
tivity of A0 is 40- to 200-fold lower than n-AlDH activity at 
each time point. Aldehyde oxidase activity at parturition is 
decreased significantly @<O.Ol) from control. Day 15 levels 
of A0 are lower still, but these are not significantly different 
from values at parturition. 

Two PLP synthetic enzymes were also examined (Table 
3). Pyridoxal kinase activity at the time of parturition was 
significantly (p<O.Ol) elevated over control and day 15. The 
activity of the enzyme on day 15 was not different from 
control. Brain was used as the source of enzyme since its 
activity is highest in that tissue. Attempts to measure 
pyridoxal kinase in liver homogenates were unsuccessful due 
to technical difficulties and very low activity. 

Pyridoxamine phosphate oxidase activity is present in 
mouse liver homogenates in only minute quantities. Its ac- 
tivity did not change significantly during pregnancy. A signif- 
icant (p<O.O5) increase in total enzyme activity was ob- 
served at parturition. Slightly greater protein levels were 
also found at this time which may partially explain the in- 
crease in total activity. The increased protein was probably 
of mitochondrial or microsomal origin since the concentra- 

Group 

Latency to Latency to 
Myoclonus Clonus 

w (set) (see) 

‘Control 
Lactating 
Non-Lactating 
__ 

20 35.6 -c 2.7 i49.8 + 23.8h 
18 30.8 + 1.9 65.9 +- 10.8 
11 36.8 * 3.4 143.9 _t 33.9* 

Control mice were virgin females. Lactating and non-lactating 
mice were seizure tested with flurothyl on the twelfth postpartum 
day. Lactating mice were nursing 4 pups each. Non-lactating mice 
had their pups removed on the morning they delivered and were not 
nursing. Tabled values are mean * SEM. 

Clonus: F(2,48)=4.66, pcO.025. 
*Significantly different from the lactating group, p<O.OS. 

tion of cytosolic protein is not changed during pregnancy on 
a per gram of liver basis 1211. 

DISCUSSION 

The results of this study demonstrate a clear relationship 
between pregnancy and susceptibility to chemically-induced 
seizures in mice. Several years ago it was proposed that the 
seizures which occur in toxemic pregnancies might result 
from the deficiency of vitamin B, in pregnant women (91. 
That hypothesis is supported by this study. 

Vitamin Bs is a cofactor in the synthesis and/or degrada- 
tion of the neurotransmitters norepinephrine, dopamine, 
serotonin and GABA. It was postulated that vitamin B, de- 
ficiency results in increased seizure susceptibility because of 
abnormally low levels of these neurotransmitters [18]. 

Flurothyl was used to induce seizures because this agent 
provides a clear distinction between myoclonus and clonus, 
a valuable feature not shared with other seizure-inducing 
agents. Greer and Alpern [7] reported that myoclonus and 
clonus were pharmacologically distinguishable entities and 
suggested that myoclonus was mediated by dopaminergic 
pathways and clonus by GABA and acetylcholine pathways. 
Our data (Fig. 1) show that both myoclonus and clonus are 
affected by pregnancy and imply a generalized reduction in 
levels or turnover of all the neurotransmitters, as would be 
predicted [18]. Our hypothesis is supported by a recent re- 
port [25] which showed that the plasma concentration of 
norepinephrine in normal pregnancies decreased signifi- 
cantly as pregnancy advanced. Plasma norepinephrine levels 
in pre-eclamptic pregnancies were even lower (significantly) 
than those found in normal pregnancies. 

The cause of the vitamin B, deficiency in pregnancy is not 
known. Shunting of PLP to the fetus occurs to some extent 
[l] and cord levels of PLP are indicative of the state of vita- 
min B, nutriture during pregnancy. It was reported that the 
activity of pyridoxal kinase was depressed in placentas from 
toxemic pregnancies when compared to placentas obtained 
from normal pregnancies [5,9] and these investigators 
suggested that the synthesis of PLP was, therefore, com- 
promised in toxemic pregnancies. Our data show no change 
in pyridoxal kinase activity until after parturition when its 
activity increases significantly. In one study [.5] the activity 
of pyridoxamine phosphate oxidase in toxemic placentas 
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TABLE 2 

CYTOSOLIC r-ALDEHYDE DEHYDROGENASE ACTIVITY IN 
LIVER DURING PREGNANCY 

Substrate Control Day 15 Parturition 

Propionaldehyde* 
Specific activity 
Total activity 
K,, (x lo5 M)S 
V max1 
K+ (x lo5 M)$ 
V maxZ 

Pyridoxal.HClt 
Specific activity 
Total activity 
Km1 (x lo5 M)$ 
V maXI 
K, (x lo5 M)$ 
V maXZ 

v41 [141 [161 
23.99 + 1.71 59.20 -c 2.15§ 45.05 k 2.6280 
1258 k 82 3293 -c 104§ 2515 2 12773 

18.8 19.5 22.0 
39.3 66.8 65.3 

3.62 3.44 2.94 
29.3 42.2 38.2 

[I21 
7.30 t 0.55 
387 + 37 

163 
46.5 
13.2 
13.7 

[151 [I51 
11.08 lir 0.619 10.11 2 0.420 

642 i 359 565 z!z 229 
186 253 
35.9 46.1 
10.8 20.3 
10.2 10.3 

Tabled values are mean ? SEM. Numbers per group for specific and total activi- 
ties are given in brackets. K, and V,,, values are the average of 2 or 3 separate 
determinations. i 

*Propionaldehyde dehydrogenase activity is expressed as nmoles NADH formed 
per min per mg protein (specific activity), F(2,41)=58.9,p<0.001, or per gram liver, 
wet weight (total activity), F(2,41)=86.0, p<O.OOl. 

tPyridoxa1 dehydrogenase activity is expressed as nmoles NADH formed per min 
per mg protein (specific activity), F(2,39)=12.6, p<O.OOl, or per gram liver, wet 
weight (total activity), F(2,39)=16.1, p<O.OOl. 

fK, and V,,, values were determined in the presence of 1 .O mM NAD.V,,, values 
are in units of nmoles NADH formed per min per mg protein. 

&Significantly different from control, p<O.Ol by Tukey B test. 
Wignificantly different from day 15, p<O.Ol by Tukey B test. 

TABLE 3 

VITAMIN B, ENZYME ACTIVITIES DURING PREGNANCY 

Enzyme Activity Control Day 15 Parturition 

Aldehyde Oxidase* 
Specific activity 
Total activity 

Pyridoxal Kinaset 
Specific activity 
Total activity 

Pyridoxamine Phosphate 
Oxidase!: 

Specific activity 
Total activity 

I141 ml [I71 
0.595 -t 0.068 0.280 + 0.0260 0.368 i 0.0200 

31 -c 3 16 -+ I§ 21 r 16 
[lOI UOI UOI 

22.92 -c 1.24 21.88 t 1.34 35.95 -c 1.89§1 
493 ir 32 532 f 36 708 2 3597 

[81 171 [71 
0.110 +- 0.022 0.158 -+ 0.043 0.217 Z!I 0.042 

1.79 i 0.34 2.75 t 0.70 3.96 2 0.62# 

Tabled values are mean YZ SEM. Numbers per group are given in brackets. 
*Aldehyde oxidase activity is expressed as nmoles N’-methylnicotinamide oxidized per 

min per mg protein (specitic activity), F(2,48)= 16.6, p<O.OOl, or per gram liver, wet weight 
(total activity), F(2,48)=15.9, p<O.OOl. 

1‘Pyridoxal kinase activity is expressed as nmoles pyridoxal S-phosphate formed per hour 
per mg protein (specific activity), F(2,27)=26.6, piO.001, or per gram brain, wet weight 
(total activity), F(2,27)=11.2,p<0.001. 

lPyridoxamine phosphate oxidase activity is expressed as nmoles pyridoxal5’-phosphate 
formed per hour per mg protein (specific activity), F(2,19)=2.3, NS, or per gram liver, wet 
weight (total activity), F(2,19)=3.91, p<O.O5. 

$Signiticantly different from control, p<O.Ol by Tukey B test. 
BSignificantly different from day 15, p<O.Ol by Tukey B test. 
#Significantly different from control, ~~0.05 by Tukey B test. 
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was also found to be (non-significantly) reduced compared to 
normal placentas. Again, our data show a modest increase in 
this enzyme activity in liver after parturition. These results 
may not be directly comparable (or contradictory) since we 
studied brain and liver enzymes while the previous reports 
Goncerned placental enzymes which were reduced only in 
abnormal pregnancies. Table 3 shows that during pregnancy 
in the mouse no change occurs in two major PLP synthetic 
enzymes until after parturition when the activity increases 
significantly (pyridoxal kinase) or marginally (pyridoxamine 
phosphate oxidase). The increase in PLP synthetic ma- 
chinery over control coincides with a return of seizure sus- 
ceptibility to control levels-an enticing observation which 
may simply be fortuitous. 

of pregnant mice with some form of vitamin 5,. Since the 
level of rr-AlDH returns to control by day 12 postpartum 
[21], it is unlikely that it contributes to the increased sen- 
sitivity to clonus at that time. We have not examined this 
observation further to date. 

Less is known concerning the metabolism of vitamin B, in 
pregnancy than is known about its synthetic enzymes. The 
activity of pyridoxal phosphate phosphatase was measured 
in normal and pre-eclamptic placentas and found to be un- 
changed [5]. There are no reports in the literature concerning 
the activity of A0 in pregnancy. Table 3 shows convincing 
evidence that the activity of this enzyme, which is thought to 
be responsible for the majority of pyridoxal oxidation, is 
reduced by half at the beginning of the third trimester in mice 
and by 40% after parturition. If no other system were in- 
volved, then, it would seem that PLP would be maintained at 
normal or greater concentration during pregnancy. This dis- 
crepancy might be answered by the suggestion that rr-AlDH, 
an enzyme which is induced in pregnancy, metabolizes a 
greater than normal fraction of pyridoxal. 

Seizure control in pregnant epileptics is often unpredict- 
able, with many women suffering increased incidence of sei- 
zures [17]. Anticonwlsant medication may have to be in- 
creased markedly and some of the most frequently 
prescribed anticonvulsants (phenytoin, trimethadione and 
phenobarbital) are potent teratogens [20]. A 2- or 3-fold in- 
crease in congenital malformations has been attributed to in 
utero exposure to anticonvulsants. Stumpf and Frost [24] 
pointed out methodological problems in some of the studies 
which may overemphasize the teratogenic potential of anti- 
convulsants, yet it is clear that epileptic women do run a 
higher risk of giving birth to a malformed infant than do 
non-epileptics. 

Table 2 shows that the liver-of a pregnant animal has more 
pyridoxal dehydrogenase activity than control. Pyridoxal is a 
poor substrate for n--AlDH when compared to pro- 
pionaldehyde, but it can be oxidized nonetheless. 
Pyridoxal is not a preferred substrate for n--AlDH since there 
is no change in its V,,, during pregnancy, whereas a pre- 
ferred substrate such as propionaldehyde has an elevated 
V max. A similar result was found for some other aromatic 
aldehyde substrates (i.e., 4-carboxybenzaldehyde) by us 
previously [21] and by others for the phenobarbital-induced 
(+AlDH) enzyme in rat liver [41. The increased pyridoxal 
dehydrogenase activity parallels that of propionaldehyde de- 
hydrogeuase, indicating that a-AlDH is indeed responsible 
for this elevated activity. The role of n=AlDH in pregnancy 
remains elusive, but it is likely that the increased oxidation 
of pyridoxal represents nothing more than a coincidental re- 
action of au enzyme with broad substrate specificity. Further 
experimentation is necessary to determine the role of 
rr-AlDH in the control of steady-state levels of vitamin B, 
normally and during pregnancy. Our feeling is that it might 
contribute to, but not fully explain, the reduction in circulat- 
ing PLP during pregnancy. We have not yet measured vita- 
min B, levels in our pregnant animals. However, the 
pregnancy-associated increase in n--AlDH activity 1211 corre- 
lates very well with the pregnancy associated decline in PLP 
1191. It may be possible to attenuate seizure susceptibility 
and restore normal neurotransmitter system activity by 
selectively inhibiting r-AlDH and/or supplementing the diet 

Our study suggests that pregnancy and seizure suscepti- 
bility are linked. It is tempting to speculate that it might be 
possible to improve the efficacy of continued anticonvulsant 
therapy in at least a select group of pregnant epileptics by 
judicious use of vitamin B, supplementation. A similar sug- 
gestiau has been made by others to prevent and/or improve 
the outcome of toxemic pregnancies [5, 11,261. In one report 
[.5] the suggestion was offered to use pyridoxal as the form of 
vitamin B, supplementation. Considering the data presented 
in Table 2, this might not be the best choice. Pyridoxamine 
might be preferred because it is active itself as a coenzyme 
(when phosphorylated via pyridoxal kinase), and its 
enzymatic transformation to PLP via pyridoxal kinase [13] 
and pyridoxamine phosphate oxidase [27] should be rela- 
tively unaffected in the pregnant animal (Table 3). It has 
already been shown that pyridoxine is not effective in raising 
PLP levels in pregnant rats [ 191, but other forms of the vita- 
min were not tested. 

We are making the assumption that enzyme changes 
which occur in the pregnant mouse mirror those which occur 
in pregnant women. We recognize that it is not always valid 
to take data from one species and extrapolate them to an- 
other. It is not known if an induction of r-AlDH occurs in 
pregnant women, and since our experience suggests that this 
induction occurs only in the liver, it would be a difficult and 
ethically problematic task to replicate these data in humans. 
Pre-eclampsia/eclampsia is a condition peculiar to pregnant 
women and other higher primates, but the mouse might be 
useful in investigating basic enzyme and metabolic changes 
which occur in pregnancy. Interestingly, the values we ob- 
tained for pyridoxamine phosphate oxidase and pyridoxal 
kinase are similar to those found in human placental tissue. 
Clearly, more study is needed to ascertain the importance of 
n--AlDH in normal and pre-eclamptic pregnancies. Our work- 
ing hypothesis is that the observed increase in seizure sus- 
ceptibility is the result of altered function of brain neuro- 
transmitter systems subsequent to a deficiency of the coen- 
zyme form of vitamin B, due to increased metabolism by a 
pregnancy-associated enzyme, ?r-aldehyde dehydrogenase. 
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