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Abstract. The effect of long-term anticonvulsant drug therapy with phenobarbital, phenytoin, 
carbamazepine, primidone, and valproic acid in epileptic children on plasma total cholesterol 
and high-density lipoprotein cholesterol (HDLC) was studied. Except valproic acid, all the drugs 
significantly increased the total cholesterol and HDLC, but the effect was more pronounced with 
HDLC. Among the subfractions of HDLC, almost all the increase due to drug therapy were in 
the HDLC-2 fraction. Treatment with antiepileptic drugs had no effect on HDLC-3. Apolipo- 
protein-A levels were significantly higher with drug therapy, but no effect was seen in the apoli- 
poprotein-B levels. Plasma concentration of total cholesterol, HDLC, or its components was 
unaffected with valproic acid therapy. 0 1985 Society for Experimental Biology and Medicine. 

Epidemiological studies from different parts 
of the world have demonstrated an indepen- 
dent, negative relationship between the plasma 
concentration of high density lipoprotein cho- 
lesterol (HDLC)' and the risk of coronary 
heart disease (CHD) ( 1, 2). Patients with CHD 
have a lower level of HDLC, and familial ex- 
cess of HDLC has been associated with de- 
creased risk. 

Antiepileptic drugs such as phenobarbital, 
phenytoin, carbamazepine, primidone, and 
valproic acid have been used for the treatment 
of epilepsy (3). One of the beneficial side effects 
of these drugs in anticonvulsant therapy ap- 
pears to be protection from CHD (4, 5) .  Ad- 
ministration of barbiturates to healthy vol- 
unteers has been shown to increase triglycer- 
ides, total cholesterol, low- and high-density 
lipoproteins (6, 7). Epileptic patients and nor- 
mal subjects treated with phenytoin or car- 
bamazepine either alone or in combination 
showed increased plasma HDLC (8-1 1). Sim- 
ilarly, anticonvulsant therapy with either single 
or a combination of several different drugs also 
resulted in a significant increase in the plasma 
HDLC levels ( 12, 1 3). Thus, if anticonvulsants 
have an effect in modulation of plasma HDLC 

~~ 

' Abbreviations used: HDLC, high-density lipoprotein 
cholesterol; HDLC-2 and HDLC-3, fractions 2 and 3 
of high-density lipoprotein cholesterol; CHD, coronary 
heart disease; apo-A, apolipoprotein-A; apo-B, apoli- 
poprotein-B. 

levels, then use of these drugs may have a sig- 
nificant influence in the prevention of CHD. 

All these above reports are concerned with 
the adult population, and no information is 
available on children. Further, in children, the 
effect of primidone or valproic acid therapy 
on HDLC is not known. The present study is 
therefore undertaken to see the effects of an- 
ticonvulsant treatment with phenobarbital, 
phenytoin, and carbamazepine, as well as 
primidone and valproic acid, as a single drug 
therapy on plasma levels of total cholesterol 
and HDLC in children. In addition, this study 
also deals with the effect of the above drugs 
on the subfractions of HDLC (HDLC-2 and 
HDLC-3), as well as apolipoproteins A and B. 

Materials and Methods. Plasma samples 
from 82 epileptic children (42 male and 40 
female) undergoing anticonvulsant drug ther- 
apy at the pediatric epilepsy clinic, Milwaukee 
Children's Hospital, Milwaukee, Wisconsin, 
were used in this study. All the children were 
on a single specific drug for at least 3 months, 
and the drug levels in plasma were being 
maintained at the optimal therapeutic con- 
centration, (phenobarbital, 1 5-40 pg/ml; phe- 
nytoin, 10-20 pglml; carbamazepine, 8- 12 
pg/ml; primidone, 5- 12 pg/ml; valproic acid, 
50-100 pg/ml), under the supervision of the 
clinic's staff. The ages of the patients were 
between 6 and 18 years (mean -+ SD = 9.5 
It 5.4), and all were in reasonably good health. 
Samples from 101 children (48 male and 53 
female) of similar age (mean 2 SD = 10.0 
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f 6.3) and sex who were on routine visits to 
the other clinics were used as controls. All the 
children were from the Milwaukee, Wisconsin, 
area and had normal triglyceride and choles- 
terol levels and no unusual dietary habits. 

Blood samples were collected in 5-ml va- 
cutainer tubes containing approximately 75 
USP units of sodium heparin. Plasma was 
separated by centrifugation at 15OOg for 10 
min and stored at 4°C until used. All the work 
was completed within 48 hr after collection. 

Total cholesterol was determined by an en- 
zymatic method (14) on the Abbott-VP ana- 
lyzer (Abbott Diagnostics, North Chicago, Ill.), 
using reagents from Abbott Diagnostics. The 
concentration of high-density lipoproteins was 
measured in the supernatants, obtained af- 
ter precipitating the apolipoprotein-B-associ- 
ated lipoproteins (very-low-density lipopro- 
teins, low-density lipoproteins), using heparin- 
manganese chloride reagents as per the Lipid 
Research Clinics Program ( 15, 16). The HDLC 
levels were estimated by measuring the cho- 
lesterol content similar to the total cholesterol 
procedure. 

The subfractions of the HDLC (HDLC-2 
and HDLC-3) were separated by ultracentri- 
fugation at a density of 1.125 g/ml using an 
air-driven ultracentrifuge (Airfuge, Beckman 
Instruments) ( 1  7). To 250 pl of the superna- 
tant, obtained after heparin-MnC12 precipi- 
tation, 46 mg of finely ground dry potassium 
bromide was added. After mixing, 150 pl of 
the sample was transferred to the centrifuge 
tube and spun at 95,000 rpm using an air 
pressure of 30 psig (207 kPa, 149,OOOg) for 2.5 
hr. At the end of centrifugation, the top 50 pl, 
containing the HDLC-2 fraction, and the bot- 

tom 50 p1, containing HDLC-3 fraction, were 
removed carefully and used for quantitation. 
The HDLC-2 and HDLC-3 fractions were 
quantitated by measuring their cholesterol 
content. Since HDLC and its subfractions were 
determined individually, the sum of these 
subfractions were not always equal to the total 
HDLC. In our experimental condition, the 
coefficient of variation of this technique was 
about 5-770. 

Levels of apolipoprotein-A and apolipo- 
protein-B were determined by the radial im- 
munodiffusion procedure using reagent kits 
from the Calbiochem-Behring Corporation. 
Each sample was assayed in triplicate. Anti- 
bodies used in these kits were monospecific to 
the given antigen; and the precision, in our 
experimental conditions, was about 4-6% 
during a period of 6 months. 

All the data are an average of two sepa- 
rate determinations and expressed as means 
f standard deviation. The Student t test was 
employed for statistical analysis. 

Results. 1. Efect on total cholesterol. In 
epileptic children treated with phenobarbital, 
phenytoin, carbamazepine, or primidone, 
plasma total cholesterol increased significantly 
(Table I). Among these four drugs, carbama- 
zepine had a greater effect than the others. In 
contrast to these four drugs, treatment with 
valproic acid did not show any change in the 
total cholesterol levels compared to the con- 
trols. 

2. Efect on HDLC. Similar to the total 
cholesterol, patients on anticonvulsant drug 
therapy also had significantly higher levels of 
HDLC in their plasma (Table I). Compared 
to the controls, phenytoin-treated children had 

TABLE I. EFFECT OF ANTICONVULSANT DRUG TREATMENT ON THE TOTAL CHOLESTEROL AND HIGH DENSITY 
LIPOPROTEIN CHOLESTEROL (HDLC) IN PLASMA OF CHILDREN 

Total cholesterol HDLC Total Chol/HDLC ratio 

Number of mg/dl P value mg/dl P value P value 
Treatment patients (mean t SD) vs control (mean +. SD) vs control mean t SD vs control 

Controls (none) 101 156 f 36 - 4 6 2  13 - 3.52 * 0.94 - 
Phenobarbital 15 170 * 29 <0.02 6 7 k  15 <0.001 2.60 * 0.81 <0.001 
Phen ytoin 15 165 t 22 <0.02 5 7 *  I 1  <0.001 2.72 t 0.78 <0.001 
Carbamazepine 22 175 f 23 <o.o I 6 2 t  12 <0.001 2.63 +- 0.69 <0.001 
Primidone 15 166 * 25 <0.02 5 8 t  13 <0.001 2.79 * 0.77 ~ 0 . 0 1  
Valproic acid 15 159 * 29 NS ' 4 6 k  10 NS 3.61 * 0.88 NS 

a NS = not significant. 
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TABLE 11. EFFECT OF ANTICONVULSANT DRUG TREATMENT ON THE SUBFRACTIONS OF HIGH-DENSITY 
LIPOPROTEIN CHOLESTEROL (HDLC-2 and HDLC-3) IN PLASMA OF CHILDREN 

HDLC-2 HDLC-3 

Concentration Concentration 
Number of mgldl P value mgldl P value 

Treatment patients (mean f SD) vs control (mean + SD) vs control 

Controls (none) 101 32 f 10 - 20 f 5 - 
Phenobarbital 15 48 f 10 <o.oo 1 22 f 4 NS 
Phenytoin 15 4 6 %  9 <o.oo I 19 f 3 NS 
Carbamazepine 22 4 3 +  1 1  <o.oo 1 22 f 4 NS 
Primidone 15 4 4 f  12 <o.oo 1 20 f 6 NS 
Valproic acid 15 31 f 12 NS a 21 a 5  NS 

a NS = not significant. 

24% higher levels, whereas with the pheno- 
barbital treatment the difference was 46%. 
HDLC levels did not increase in patients 
treated with valproic acid alone. 

The calculated total cholesterol/HDLC ratio 
was lower significantly with the treatment of 
all the drugs, except valproic acid (Table I). 

3. Eflect on HDLC subfractions. Controls 
as well as patients have a higher amount of 
HDLC-2 than the HDLC-3 fraction (Table 11). 
However, patients treated with either pheno- 
barbital, phenytoin, carbamazepine, or prim- 
idone, had significantly higher HDLC-2 levels 
(P < 0.001). Valproic acid treatment had no 
effect on the HDLC-2 fraction. Unlike HDLC- 
2, the concentration of HDLC-3 did not 
change with the treatment of any of these 
drugs, and, in fact, it was almost equal in con- 
trols and in patients treated with the drugs. 

4. Efect on apolipoproteins. Anticonvul- 

sant therapy with phenobarbital, phenytoin, 
carbamazepine, and primidone had a signifi- 
cant positive effect on the plasma concentra- 
tions of apolipoprotein A (Table 111). With the 
primidone-treated group it was 10% higher (P 
< 0.01) and in the carbamazepine-treated 
group it was 33% higher (P < 0.001) than the 
control group. Valproic acid therapy had no 
effect on the apo-A levels. 

In contrast to apo-A, apo-B levels did not 
change significantly after treatment with any 
one of these drugs. 

Discussion. This work with epileptic chil- 
dren clearly supports several earlier observa- 
tions on adult patients that long-term treat- 
ment with antiepileptic drugs increases plasma 
cholesterol and HDLC levels. 

Increased plasma cholesterol was observed 
when patients were treated with phenobarbital, 
phenytoin, or carbamazepine, either alone or 

TABLE 111. EFFECT OF ANTICONVULSANT DRUG THERAPY ON APOLIPOPROTEINS 
A AND B IN PLASMA OF CHILDREN 

Apolipoprotein-A Apolipoprotein-B 

Concentration, Concentration, 
Number of mgldl P value mgldl P value 

Treatment patients (mean f SD) vs control (mean f SD) vs control 

Controls (none) 101 160 f 21 - 7 2 f  18 - 
Phenobarbital 15 198 4 25 <o.oo 1 7 6 f  11 NS 
Phenytoin 15 209 + 21 <o.oo 1 71 k 14 NS 
Carbamazepine 22 212 f 24 <o.oo 1 68 f 13 NS 
Primidone 15 176 f 20 <o.o 1 72 + 16 NS 
Valproic acid 15 156 + 28 NS a 71 + 2 0  NS 

a NS = not significant. 
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in combination (8, 9, 11-13). However, the 
role of cholesterol in control of seizures is not 
clear. In experimentally induced seizures in 
rats, mice, and monkeys, a low serum choles- 
terol was associated with the increased sei- 
zures, whereas animals maintained on a high 
cholesterol diet were less susceptible to con- 
vulsive seizures (18, 19). In humans it was 
found that high cholesterol and high fat diets 
were beneficial in treatment of epilepsies of 
diverse etiologies (20-22). Further, a signifi- 
cant correlation was observed between the 
clinical improvement and rise in serum cho- 
lesterol during the course of treatment (21). 
However, in the present work no change in 
the total cholesterol levels was observed in pa- 
tients undergoing valproic acid treatment. 
Therefore, increase in the serum total choles- 
terol may not be a requirement to control the 
seizures. 

Similar to the total cholesterol, HDLC levels 
also were increased with the drug therapy. 
However, the rise was more pronounced with 
the HDLC. Further, except with valproic acid, 
the ratio of total cholesterol/HDLC decreased 
significantly by treatment with all the other 
four drugs. Therefore, even though both total 
cholesterol and HDLC rise with the therapy, 
the effect appears to be somewhat selective for 
HDLC. 

Increased plasma HDLC levels have been 
observed with the anticonvulsant drugs (8- 13), 
but none of these reports deal with its subfrac- 
tions. Perhaps the most interesting observation 
in the present work is the effect on the HDLC 
subfractions. Wherever there is a rise in the 
HDLC, it is always in the HDLC-2 fraction, 
and no significant change is ever seen in the 
HDLC-3 with any one of these drugs. This 
probably shows that either the antiepileptic 
drugs have no effect on HDLC-3 or the 
HDLC-3 metabolism may be tightly regulated. 

Recently, the roles of lipoprotein lipase and 
hepatic lipase have been implicated in the me- 
tabolism of HDLC and its subfractions. Tas- 
kinen and Nikkila (23) observed that the con- 
centration of the HDLC-2 and its components, 
viz., cholesterol, phospholipid, and proteins, 
are all positively correlated with lipoprotein 
lipase activity. In rats treated with phenobar- 
bital, activities of lipoprotein lipase and he- 
patic lipase have increased significantly (24). 
Perhaps in this regard it is reasonable to spec- 

ulate that anticonvulsant drugs may have an 
effect on these two enzymes in children also. 

Treatment with valproic acid did not affect 
the plasma total cholesterol, HDLC or its 
components. The lack of any positive change 
in total cholesterol and HDLC indicates that 
the changes in lipoproteins after anticonvul- 
sive drug therapy appear to be drug related 
and not secondary to seizures per se. 

Substantial evidence exists for the negative 
correlation between HDLC levels and coro- 
nary risk (1,  2). Although it is still not known 
whether the drug-induced elevation of HDLC 
alters the risk toward cardiovascular diseases, 
the present observations suggest that a long- 
tern treatment with phenobarbital, phenytoin, 
carbamazepine, or primidone may be bene- 
ficial in decreasing this risk. In this regard, the 
earlier observations of Linden (4) and Liv- 
ingston ( 5 )  are noteworthy because of low in- 
cidence of myocardial infarction in epileptic 
patients on long-term anticonvulsive drug 
therapy . 

The author expresses his appreciation to Dr. T. T. Tang 
and Dr. J .  Murphy of Milwaukee Children’s Hospital, 
Milwaukee, Wisconsin, for their interest in this study. 
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