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Impact of Oxidative Stress and Newer Antiepileptic Drugs 
on the Albumin and Cortisol Value in Severe Motor and 

Intellectual Disabilities With Epilepsy

Masahito Morimotoa, c, Toshiaki Hashimotoa, Taisuke Kitaokab, Shojiro Kyotanib

Abstract

Background: Epilepsy is a common complication in patients with 
severe motor and intellectual disabilities (SMID). There are no re-
ports as yet of the effects of these medications in vivo other than their 
epileptic efficacy. The purpose of this study was to clarify the effects 
of the newer antiepileptic drugs (AEDs) on the blood biochemical 
parameters and oxidative stress in SMID with epilepsy by comparing 
the therapeutic effects between a group of patients receiving lamo-
trigine (LTG) and levetiracetam (LEV) in addition to the conventional 
AEDs (newer AED group) and a group receiving conventional AEDs 
alone (old AED group).

Methods: The study population consisted of 44 SMID patients with 
epilepsy, of which 23 were allocated to the newer AED group and 21 
were allocated to the old AED group. In the newer AED group, meas-
urements of the reactive oxygen metabolites (d-ROMs), biological an-
tioxidant potential (BAP) and serum albumin were carried out at the 
following two time points: 1 week before and 1 year after the start of 
administration of the newer AEDs. In the old AED group, measure-
ments of the same variables were performed at two time points 1 year 
apart.

Results: A significant decrease of the d-ROM levels and a significant 
increase of the BAP were noted in the newer AED group. A signifi-
cant elevation of the serum albumin was also evident. In the old AED 
group, a significant increase of the d-ROMs levels was noted at the 
second measurement. Cortisol levels which have been described to be 
related to the albumin, revealed a significant decrease of the serum 
cortisol in relation to elevation of serum albumin in the newer AED 
group.

Conclusions: The present study results suggest that the addition of 

newer AEDs reduces the oxidative stress load and improves the an-
tioxidant potential of the body. Furthermore, the present data also 
demonstrate that the newer AEDs have indirect impact on biological 
parameters.
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Introduction

Oxidative stress is a state where the balance between the oxida-
tive reactions and the biological antioxidant potential is upset 
by excessive production of reactive oxygen species (ROS) and 
free radicals, resulting in an excessively oxidized state exert-
ing harmful effects in vivo [1]. It has also been demonstrated in 
recent years that such enhanced oxidative stress brought about 
by excessive production of ROS and free radicals results not 
only in the acceleration of aging, but also various other diverse 
disorders [2].

Our previous study in which we measured the serum levels 
of d-ROMs and BAP as markers of the degree of oxidative stress 
confirmed an association between epilepsy in patients with 
SMID and the oxidative stress level [3]. Patients with SMID 
are practically incapable of self-expression because of severe 
intellectual disability combined with severe physical handicaps; 
therefore, it is difficult to gain subjective information from these 
patients. Hence, control of epilepsy is even more difficult in 
these patients, with a consequent increase in the intractability of 
the epilepsy giving rise to elevation of the oxidative stress level.

Sudden death is recognized as a common cause of death 
in subjects with SMID [4, 5], which underscores the need 
for prevention/early detection of any in the everyday lives of 
these patients. In view of the difficulty in communicating with 
these patients, identification of objective indicators useful for 
screening and treatment of a variety of disorders and predic-
tion of the clinical condition is of great importance.

Useful objective indicators would be those whose meas-
urement would not prove to be cumbersome in routine clinical 
settings. Therefore, we identified the serum level of albumin 
as a known biological antioxidant among the currently exten-
sively measured blood biochemical parameters. Albumin plays 
the role of an antioxidant as it becomes oxidized by ROS such 
as free radicals [6]. The purpose of this study was to determine 
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the effects of AEDs used for the treatment of intractable epi-
lepsy in SMID patients on the serum levels of albumin, and 
to clarify how albumin, an oxidant in vivo, might affect the 
oxidative stress levels and other bio-factors in SMID patients 
with epilepsy.

Materials and Methods

Subjects and drugs

The study population consisted of 44 SMID patients with epi-
lepsy who were continually hospitalized in the Japanese Red 
Cross Tokushima Hinomine Rehabilitation Center for People 
with Disabilities between January 1, 2013, and August 31, 2016. 
The patients were classified into two groups according to the 
type of AEDs that they received: a group receiving treatment 
with conventional AEDs alone (old AED group; n = 21) and 
a group receiving treatment with the newer AEDs in addition 
to the conventional drugs (newer AED group; n = 23). “Newer 
AEDs” here denote the two agents, LTG and LEV, which were 
approved for use in Japan in December 2008 and are highly rec-
ommended worldwide [7]; “old AEDs” refer to other antiepilep-
tic agents that were approved much earlier in time.

Exclusion criteria

Patients who were not continually hospitalized for treatment 
during this survey period were excluded from the study. Those 
who had received any drug within 6 months prior to the base-
line blood sampling that could potentially affect the hemato-
logic/blood biochemical parameter values were also excluded 
from the study (e.g., albumin preparations, hepatoprotective 
drugs, nephroprotective drugs, sodium chloride preparations, 
various blood transfusion products, granulocyte-colony stim-
ulating factor (G-CSF) preparations, iron preparations, and 
erythropoietin preparations).

Survey items

Information on the following variables were obtained from 
the patients’ medical records: gender, age (at the time of the 
survey), primary disease, complications (concurrent diseas-
es) that could possibly affect the levels of the oxidative stress 
markers, number and type(s) of AEDs prescribed, and blood 
biochemical parameter values (serum albumin, serum aspar-
tate aminotransferase (AST), serum alanine aminotransferase 
(ALT), blood urea nitrogen (BUN), serum creatinine, serum 
sodium, serum chloride, blood erythrocyte count, hemo-
globin, hematocrit, blood leukocyte counts, and blood plate-
let count).

Assay parameters

The blood samplings and assays were carried out at two time 

points in both groups; in the newer AED group, the samplings 
were performed about 1 week prior to the initiation of the new-
er AEDs (measurement point 1) and at about 1 year after the 
start of administration of the newer AEDs (measurement point 
2); in the old AED group, the samplings were conducted at two 
time points separated by an interval of about a year: between 
April and August 2015 (measurement point 1) and between 
April and August 2016 (measurement point 2); thus, the in-
terval between the two samplings was approximately 1 year 
in both the groups. The blood samples were collected when 
the patients were in their usual stable state and were not in a 
post-ictal phase or suffering/recovering from an infection, in 
the morning, before they took their breakfast/morning doses of 
the AEDs (at 6 am). The blood levels of the d-ROMs as indi-
cators of the oxidative reaction level, the BAP as a marker of 
the biological antioxidant potential, and the blood biochemical 
parameters were measured in the blood samples. The assay re-
sults are presented in Table 1.

Assay methods

Biochemical parameters (albumin)

The serum concentrations of albumin were determined with 
a LAboSPECT006 (HITACHI Ltd, Tokyo, Japan) using the 
reagent, CicaLiquid ALB (Kanto Chemical Co., Inc., Tokyo, 
Japan).

Oxidative reaction level marker (blood levels of d-ROMs)

Plasma levels of these markers were measured with the free 
radical analyzer, FREE CARRIO DUO (Diacron International 
srl, Grosseto, Italy). Twenty microliter of plasma was pipetted 
into a cuvette containing a pH 4.8-buffer, followed by mix-
ing of the contents of the cuvette by inversion (to allow Fe2+ 
and Fe3+ separation from the plasma proteins). This was ex-
pected to lead to decomposition of the hydrogen peroxide in 
the plasma to alkoxyl radicals and peroxy radicals catalyzed 
by Fe2+ and Fe3+. Then, 20 µL of a chromogen (N,N-diethyl-
paraphenylenediamine) was pipetted to allow oxidation of the 
chromogen by free radicals to yield red-colored radical cati-
ons. The mixture in the cuvette was mixed by inversion of the 
cuvette and placed in a spectrophotometer to measure the radi-
cal cations at 505 nm. The measured quantity was expressed 
in CARR units (U.CARR), where 1 U.CARR corresponded to 
0.08 mg/dL of H2O2.

Marker of the biological antioxidant potential (BAP test)

This marker was measured with the free radical analyzer, 
FREE CARRIO DUO (Diacron International srl, Grosseto, 
Italy). Fifty microliter of a chromogenic reagent (contain-
ing Fe3+) for BAP was pipetted into a cuvette to allow red 
coloration, and the contents were mixed by inversion of the 
cuvette, followed by spectrophotometric measurement of 
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the coloration. Subsequently, 10 µL of plasma was added 
to the cuvette and mixed. The cuvette was then placed in 
a thermostat to allow reaction in the mixture for 5 min. 
Finally, the cuvette was placed in a spectrophotometer for 
measurements at 505 nm. The assay results were expressed 
in µmol/L.

Measurement of the plasma cortisol level

The plasma (heparinized) level of cortisol in the samples 
was quantified by electrochemiluminescence immunoassay 
(ECLIA) using the Blood Test Cortisol Kit ECLusys® reagent.

Statistical analysis

The statistical significance level was set at a two-sided 5%, 
where P < 0.05 was considered as indicative of statistical sig-
nificance. Regarding the relationship between albumin and 
cortisol, the relationship between both items was analyzed 
using Pearson’s r and a correlation line. In the newer AED 
group and the old AED group, comparison of blood test values 
between measurement points 1 and 2 was analyzed using the 
Wilcoxon signed-rank test.

Ethical considerations

This study was conducted with the approval of the Ethical 
Committee of the Japanese Red Cross Tokushima Hinomine 
Rehabilitation Center for People with Disabilities. Written 
informed consent for participation in the study was obtained 
from a family member of each study subject, since SMID pa-
tients themselves have difficulty in expressing their intention 

either verbally or in writing.

Results

Patient background characteristics

The patient background characteristics are summarized in Ta-
ble 2. In regard to the gender distribution, the percentage of 
males was higher (about 70%) in both groups, with no signifi-
cant intergroup difference (P = 0.84; Chi-squared test). There 
was also no significant difference between the two groups in 
terms of the age distribution (P = 0.23; Mann-Whitney U test). 
Cerebral palsy was the most common primary disorder in both 
groups, and the primary disorder pertained to organic disorders 
of the brain in all the patients. The onset of the disorders had 
been in the fetal or perinatal stage in all the patients. None 
of the patients had any concurrent disorders/complications 
that could potentially affect the oxidative stress levels, such 
as hypertension, diabetes mellitus, dyslipidemia, renal disease 
or infection. As for the AEDs that were prescribed, valproate 
sodium (VPA) was the most frequently prescribed, followed, 
in order, by phenytoin (PHT) and phenobarbital (PB). There 
were no significant intergroup differences in the type or num-
ber of AEDs prescribed, except that clonazepam was the most 
frequently prescribed drug among the newer AED group (P = 
0.22; Mann-Whitney U test).

Changes of the blood levels of d-ROMs and BAP and of the 
blood biochemical parameter values over time

The blood levels of d-ROMs and BAP and the blood biochemi-
cal parameter values at measurement points 1 and 2 are shown 

Table 1.  Measurement Evaluation Standard Value of d-ROMs Test

Evaluation Standard value Unit
d-ROMs test *U.CARR
  Normal range 250 - 300
  Border range 301 - 320
  Low-level oxidative stress 321 - 340
  Intermediate level oxidative stress 341 - 400
  High-level oxidative stress 401 - 500
  Very high-level oxidative stress > 500
BAP test µmol/L
  Normal range < 2,200
  Border range 2,000 - 2,200
  Slight lack state 1,800 - 1,999
  Lack state 1,600 - 1,799
  Severe lack state 1,400 - 1,599
  Very severe lack state < 1,400

*1 U.CARR = 0.08 mg/100 mL H2O2.
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Table 2.  Background of the Patients

Newer AED addition group (n = 23) Old AED alone group (n = 21)
Sex
  Male 16 (69.6%) 14 (66.7%)
  Female 7 (30.4%) 7 (33.3%)
Age (years)
  Average ± standard deviation 26.5 ± 7.3 29.8 ± 8.3
  Maximum 39 45
  Minimum 10 12
  Median 27.0 30.0
Main disease
  Cerebral palsy 9 (39.1%) 14 (66.7%)
  Hypoxia encephalopathic aftereffects 3 (13.0%) 2 (9.5%)
  Epileptic encephalopathy aftereffects 3 (13.0%) 0
  Cerebral hemorrhage aftereffects 2 (8.7%) 0
  Lissencephaly 2 (8.7%) 0
  CFC syndrome 0 2 (9.5%)
  Meningitis aftereffects 1 (4.3%) 0
  Dentatorubral-pallidoluysian atrophy (DRPLA) 1 (4.3%) 0
  Acute encephalopathic aftereffects 1 (4.3%) 0
  Theophylline encephalopathic aftereffects 1 (4.3%) 0
  Arthrogryposis 0 1 (4.8%)
  Schizencephaly 0 1 (4.8%)
  Psychomotor retardation 0 1 (4.8%)
Renal damage
  Available 0 0
  None 23 21
Liver damage
  Available 0 0
  None 23 21
Comorbidities*
  Available 0 0
  None 23 21
Use of AED†

  Valproate sodium (VPA) 19 (24.1%) 15 (40.5%)
  Phenytoin (PHT) 6 (7.6%) 6 (16.2%)
  Phenobarbital (PB) 6 (7.6%) 5 (13.5%)
  Clonazepam (CZP) 6 (7.6%) 0
  Carbamazepine (CBZ) 4 (7.7%) 6 (16.2%)
  Zonisamide (ZNS) 4 (5.1%) 1 (2.7%)
  Clobazam (CLB) 3 (3.8%) 2 (5.4%)
  Ethosuximide (ESM) 2 (2.5%) 1 (2.7%)
  Others 3 (3.8%) 1 (2.7%)
  Lamotrigine (LTG) 11 (13.9%) 0
  Levetiracetam (LEV) 15 (19.0%) 0

*Hypertension, diabetes, hyperlipidemia, kidney disease, infectious disease. †There is overlap in a value.
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in Table 3 (newer AED group) and Table 4 (old AED group). 
The results demonstrated a significant decrease in the blood 
levels of d-ROMs and significant elevation of the BAP value 
at the second assay point in the newer AED group (P < 0.05). 
A significant increase of the serum albumin level was also 
observed at the second measurement point in the newer AED 
group (P < 0.05).

In the old AED group, significant increase of the blood 
levels of d-ROMs was observed at the second measurement 
point (P < 0.05), whereas no significant changes were noted in 

the values of any of the other parameters measured.

Relationship between the serum levels of albumin and cor-
tisol

A significant elevation of the serum albumin was observed at 
the second measurement point in the newer AED group. In 
view of reports purporting to demonstrate that the serum albu-
min level is affected by the serum cortisol, a well-known stress 

Table 3.  Blood Test Results (Newer AED Addition Group) (n = 23)

Unit Measurement point 1 Measurement point 2 P value
d-ROMs value U.CARR 415.7 ± 75.1 376.1 ± 92.5 < 0.05
BAP value µmol/L 2,282.1 ± 210.4 2,378.7 ± 221. < 0.05
Albumin (Alb) g/dL 3.79 ± 0.38 4.05 ± 0.37 < 0.05
Aspartate aminotransferase (AST) U/L 19.3 ± 6.3 19.5 ± 6.7 0.97
Alanine aminotransferase (ALT) U/L 17.3 ± 7.2 19.3 ± 14.2 0.69
Blood urea nitrogen (BUN) mg/dL 9.3 ± 3.9 9.9 ± 3.5 0.58
Serum creatinine (Scr) mg/dL 0.36 ± 0.09 0.36 ± 0.10 0.49
Sodium ion (Na) mEq/L 138.7 ± 4.0 138.4 ± 3.0 0.49
Chloride ion (Cl) mEq/L 99.4 ± 5.2 98.6 ± 5.0 0.14
Red blood cell (RBC) 104/µL 440.9 ± 48.9 443.2 ± 39.2 0.08
Hemoglobin (Hb) g/dL 12.9 ± 1.8 13.5 ± 1.1 0.06
Hematocrit (Hct) % 40.1 ± 4.5 40.6 ± 4.6 0.21
White blood cell (WBC) 102/µL 73.0 ± 18.1 75.3 ± 18.0 0.49
Platelet (PLT) 104/µL 25.7 ± 8.2 23.5 ±7.5 0.33

Measurement point 1: approximately 1 week ago when newer AED was added. Measurement point 2: it is approximately 1 year later from point 1. 
Wilcoxon signed-rank test was used for statistical analysis.

Table 4.  Blood Test Results (Old AED Addition Group) (n = 21)

Unit Measurement point 1 Measurement point 2 P value
d-ROMs value U.CARR 366.2 ± 86.7 385.0 ± 92.5 < 0.05
BAP value µmol/L 2,336.6 ± 221.0 2,276.3 ± 165.4 0.14
Albumin (Alb) g/dL 3.91 ± 0.45 3.89 ± 0.44 0.52
Aspartate aminotransferase (AST) U/L 17.7 ± 8.1 20.2 ± 7.8 0.06
Alanine aminotransferase (ALT) U/L 16.6 ± 11.2 16.0 ± 8.2 0.54
Blood urea nitrogen (BUN) mg/dL 10.5 ± 3.8 10.5 ± 3.9 0.49
Serum creatinine (Scr) mg/dL 0.39 ± 0.15 0.39 ± 0.14 0.83
Sodium ion (Na) mEq/L 137.9 ± 4.2 138.2 ± 3.8 0.32
Chloride ion (Cl) mEq/L 100.1 ± 4.0 100.2 ± 4.2 0.71
Red blood cell (RBC) 104/µL 423.1 ± 44.6 423.9 ± 42.6 0.60
Hemoglobin (Hb) g/dL 12.9 ± 1.4 12.1 ± 2.5 0.30
Hematocrit (Hct) % 39.2 ± 3.7 38.7 ± 4.2 0.97
White blood cell (WBC) 102/µL 67.0 ± 23.8 64.6 ±17.5 0.62
Platelet (PLT) 104/µL 22.9 ± 9.9 22.7 ± 7.6 0.98

Measurement point 1: point of periodical drawing blood from April 2015 to September. Measurement point 2: it is approximately 1 year later from point 
1. Wilcoxon signed-rank test was used for statistical analysis.
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hormone [8, 9], we carried out an additional investigation to 
determine the relationship between the serum levels of albu-
min and cortisol. The relationship between the plasma cortisol 
level and serum albumin level measured at the second measure-
ment point was determined. As the plasma cortisol levels show 
diurnal variations, the blood sample collection time for meas-
urement of the plasma cortisol level was standardized to the 
morning time, before breakfast/morning doses of the AEDs (at 
6 am), when the patient was in his/her usual stable state and not 
in a post-ictal phase or suffering/recovering from an infection.

Figure 1 illustrates the relationship between the serum lev-
els of albumin and cortisol in the old AED group (Fig. 1a) and 
newer AED group (Fig. 1b), after excluding the data of one 
patient from the newer AED group in whom the relevant meas-
urements proved infeasible because of an insufficient volume 
of the blood sample. As can be seen, there was no significant 
correlation between the two parameters in the old AED group, 
whereas a significant correlation was observed in the newer 
AED group (r = -0.641, P < 0.01).

Discussion

As for changes in the plasma levels of d-ROMs and plasma 
BAP value, these two parameters were found to show signifi-
cant improvements at the second assay point in the newer AED 
group, whereas in the old AED group, the plasma d-ROM 
levels showed significant worsening. The drugs prescribed in 
the newer AED group, namely LTG and LEV, exert their ac-
tions via novel mechanisms, such as inhibition of glutamate 
release via blockade of N type Ca2+ channels (LTG) or action 
on synaptic vesicle protein SV2A (LEV). Addition of the new-
er AEDs with these novel mechanisms of action to the older 
AEDs which mainly exert their effects via Na+, Ca+ channel 
inhibition, activation of the Cl- channel, activation of GABAe-
rgic neurons, etc., seems to afford synergic effects, leading to 
a reduction in the frequency of seizure and improvement in the 
oxidative stress level. Furthermore, LTG and LEV have been 
suggested to have cerebro- and nerve cell-protective effects 
[10-13], and LEV has been reported to inhibit induction of 

inflammatory cytokines such as interleukin 1-β and tumor ne-
crosis factor-α (TNF-α) [14, 15]. It would be reasonable, there-
fore, to infer that these characteristics of the drugs accounted 
for the reduction in the oxidative stress level and improvement 
of the antioxidant potency in the newer AED group.

In the old AED group, there were a slight increase in fre-
quency of seizure and a significant elevation of the plasma lev-
els of d-ROMs, insomuch as these patients were maintained 
continuously on the conventional AEDs exerting their effects 
via the conventional mechanisms of action. It is thus inferred 
that the cerebral injuries caused by the repeated epileptic at-
tacks, which sometimes even progressed to status epilepticus, 
and activation of the glial cells due to cerebral atrophy were 
the causes for the worsened plasma d-ROMs levels.

Age must also be taken into account as a factor affecting 
the level of oxidative stress. However, this factor was consid-
ered to have no appreciable impact in this study, in which there 
was no noticeable intergroup difference in the age distribution 
and the between measurement point interval was as short as 
about 1 year.

In the present study, significant elevation of the serum al-
bumin was noted in the newer AED group at the second meas-
urement point. Serum albumin is an important factor, in that 
it has been described to be correlated with the BAP [16], and 
it has been reported that the lower the serum albumin level, 
the higher the risk of death [17]. The serum albumin level is 
affected mainly by the balance among its absorption from the 
intestine, synthesis in the liver and excretion via the kidney. 
None of the patients in the present series of SMID patients had 
hepatic or renal impairment. Therefore, we reviewed the pre-
sent data as reflecting the relationship between the intestinal 
absorption of albumin and the oxidative stress level.

Existence of an association has been reported between in-
creased oxidative stress levels and sympathicotonia [18-20]. 
An increased risk of hypertension and some systemic effects 
emerge in the presence of enhanced sympathetic nervous ac-
tivities. Intestines, also autonomically innervated, show de-
pressed motility if the sympathetic nervous activities are en-
hanced, possibly affecting the absorption of dietary nutrients 
from the gut. Our preceding study demonstrated that the higher 

Figure 1. Relations of albumin level and the cortisol level. There was no significant correlation between albumin value and corti-
sol value in old AED group (r = -0.195, P = 0.39) (a). For the newer AED group, a significant correlation was found between the 
albumin value and the cortisol value (r = -0.641, P < 0.01) (b).
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the severity of SMID, the greater the number of AEDs pre-
scribed and the number of patients with intractable epilepsy, 
and also that these patients tend to have a slender build [21]. It 
would follow that, as seen from Figure 2, once oxidative stress 
load occurs, the sympathetic nerves innervating the intestine 
become activated and the absorption of the antioxidant albu-
min diminishes, thereby resulting in a vicious cycle.

In the newer AED group, a significant decrease of the 
plasma levels of d-ROMs and an increase of the BAP were ob-
served at the second measurement point. The present data did 
not reveal any evidence to suggest that the newer AEDs per se 
can cause improvement of the serum albumin level, even when 
compared with the conventional AEDs. As shown in Figure 3, 
nevertheless, it seems likely that the reduced oxidative stress 

Figure 2. Vicious circle cycle by the oxidation stress.

Figure 3. virtuous circle cycle by the oxidation stress decrease.
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level via suppression of seizure led as a virtuous cycle to the 
serum albumin elevation.

It is considered that in the presence of low albumin levels, the 
depressed capability to neutralize ROS and the reduced antioxi-
dant potency may promote the development and further progres-
sion of intractable epilepsy and various disorders in SMID pa-
tients with epilepsy. From the present study data, the roles played 
by albumin are assumed to not only be confined to maintaining 
the plasma osmolality and nutrient and hormone transport, but 
also to reducing the cytotoxicity of oxidative stress in the disease 
state of epilepsy via autoxidation of albumin; hence, albumin 
plays a major role in maintaining homeostasis in the body.

The present study results also suggest that reduction in the 
oxidative stress load resulted in a decrease in the degree of 
autoxidation of albumin, thereby leading to elevation of the 
serum albumin level. It may be expected that maintained se-
rum albumin levels improves patients’ skinny build, energy 
metabolism and muscle strength, and contribute to more ef-
fective prevention of systemic disorders. In order to maintain 
stabilized oxidative stress levels in SMID patients with epilep-
sy, it may be important to not only make efforts to reduce the 
frequency of seizure, but also explore strategies and pharma-
cotherapeutic modalities that will enable maintenance of low 
levels of oxidation of albumin per se.

In regard to the relationship between the serum levels of 
albumin and cortisol, the present data demonstrated that the 
serum albumin level tended to increase (i.e., improved) and 
the plasma cortisol level tended to be reduced (i.e., improved) 
over time in the newer AED group, although patients showing 
abnormally low or abnormally high plasma levels of cortisol 
were infrequent among the present series. Cortisol secretion 
increases with sympathetic nervous activation, and excessive 
cortisol secretion results in a decrease of the serum albumin 
and diminution of the antioxidant potency, to cause accumula-
tion of ROS. Serum cortisol is related to atherosclerosis, de-
pressed immune functions, and decreased muscle synthesis, 
and cortisol is also more liable to be secreted under a chronic 
oxidative stress condition. It is thus considered important to 
prevent excessive cortisol secretion by reducing the oxidative 
stress and elevating the serum albumin level, as in the present 
study, to avoid propagation of vicious cycles.

Therefore, periodic measurements of oxidative stress 
markers such as d-ROMs and BAP, of the endogenous anti-
oxidant albumin, and of the serum cortisol as a stress hormone 
may enable early detection of signs of changes in vivo of SMID 
patients who are started on the newer AEDs, and may be useful 
for prevention of sudden death and early detection of disorders.

The present study results revealed that treatment with 
the newer AEDs not only reduced the frequency of seizure in 
SMID patients, but also, as a secondary effect, improved the 
serum albumin level. The study also demonstrated that the se-
rum albumin level is related to the serum level of the biologic 
stress hormone, cortisol.
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