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Abstract
Schizophrenia has been associated with low glutathione (GSH), one of the most important
substrates for natural defense against oxidative stress. This abnormality is often attributed to
genetic or other pathological causes. However, low GSH in schizophrenia could also be due to
insufficient antioxidant consumption or other exogenous factors. We evaluated GSH in relation to
diet, smoking, and medication status in schizophrenia patients. We recruited 54 participants (29
schizophrenia patients and 25 normal controls). The Antioxidant Dietary Source Questions was
used to estimate the total antioxidant capacity (TAC) from participants’ diet. GSH and the
oxidized form of glutathione (GSSG) were assayed. We found that GSH was significantly lower
(p < 0.001) while %GSSG was 2 to 5 fold higher (p = 0.023) in patients compared with controls.
No evidence for lower TAC dietary intake was found in schizophrenia patients compared with
controls; rather nominally higher TAC level was found in the patients diet (p=0.02). Analysis of
consumption of individual food categories also failed to find evidence of reduced dietary
antioxidant intake in schizophrenia patients. Smoking and medications did not significantly
predict the GSH deficit either. However, there was a significant smoking by diagnosis interaction
on GSH (p=0.026) such that smoking was associated with higher GSH level in controls while
smoking in patients was not associated with this effect. Schizophrenia patients may have an
impaired upregulation of GSH synthesis that normally occurs due to smoking-induced
antioxidative response. Lower GSH was independently present in patients on clozapine (p =
0.005) and patients on other antipsychotics (p < 0.001) compared with controls. In conclusion,
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none of the exogenous sources played a major role in explaining abnormalities in the glutathione
pathway in patients. The state of abnormal glutathione redox may therefore be a part of
schizophrenia pathophysiology.
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1. INTRODUCTION
Schizophrenia has been associated with increased oxidative stress (Do et al., 2009; Kano et
al., 2012). In aerobic cells, reactive oxygen species (ROS) and free radicals are byproducts
of oxidative metabolism. The defense against oxidative stress is complex, involving multiple
enzymes and antioxidant compounds. One of the major mechanisms for sequestration of
ROS and free radicals is through the glutathione pathway where the reduced form of
glutathione (monomeric glutathione or GSH) is converted to its oxidized form (glutathione
disulfide or GSSG). Glutathione is present mainly (~99%) in GSH form in the body (Lenton
et al., 1999). Although there are multiple defense systems and several of them have shown
to be abnormal in schizophrenia, low GSH concentration is perhaps among the most
consistently reported in schizophrenia. Low GSH has been found in post-mortem brain
samples (Yao et al., 2006; Gawryluk et al., 2011) and in-vivo magnetic resonance
spectroscopy studies (Do et al., 2000; Wood et al., 2009). GSH levels were decreased in the
blood of antipsychotics-free and antipsychotics-treated patients (Raffaet al., 2009) and in
cerebrospinal fluid of drug-naive patients (Do et al., 2000) suggesting that it is not
secondary to antipsychotics. Taken together, low GSH level in schizophrenia provides a
good index of an abnormal redox state associated with this illness, which is relatively
consistently observed and not attributed solely to treatment with antipsychotics.
Administration of the glutathione precursor n-acetylcysteine (NAC) improved clinical
symptoms in patients (Berk et al., 2008), further supporting the association of oxidative
stress with schizophrenia. However, it is unclear whether the mechanism that produces such
effects is a direct result of pathophysiology associated with schizophrenia, an indirect result
of other related pathology, or arising from sources outside the primary disease process that
may differ between patients and controls. Hence, we examined the potential role of three
exogenous factors in mediating oxidative stress, as indexed by abnormal GSH and GSSG
levels, in schizophrenia: diet, smoking and antipsychotics.

First, diet is an important source of variance in oxidative stress in the general population
(Watsonet al., 2005; Jenkinson et al., 1999). We assessed whether there is a deficit in intake
of antioxidants in food in schizophrenia, as dietary antioxidant contents provide the substrate
and also regulate enzymes in the redox pathways (Bagchi et al., 1997; Huber et al.,2002).
One prior study found no evidence of reduced antioxidant intake in schizophrenia (Strassnig
et al., 2005). Another study showed that lower plasma antioxidant levels were not correlated
with body mass (Reddy et al., 2003). However, to date no study has assessed whether
dietary antioxidant intake affects the reported glutathione deficit in schizophrenia.

Second, smoking can contribute to oxidative stress by increasing lipid peroxidation (Solak et
al., 2005). However, smoking also induces a potent antioxidant response and increases
systemic production of glutathione (Gould et al 2011). One study found increases in
antioxidant enzymes in schizophrenic patients who smoke (Zhang et al., 2007). More data
are needed to clarify if smoking contributes to the decreased glutathione in schizophrenia.
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Third, the oxidative profile of antipsychotics remains unclear; some studies show
antioxidant properties (Parikh et al., 2003; Miljevic et al., 2010; Zhang et al., 2012;
Stojković et al., 2012) or improvement of peripheral glutathione and antioxidant enzymes by
antipsychotics (Raffa et al., 2009; Zhang et al., 2012). On the other hand, patients on
clozapine have shown higher superoxide dismutase and lower glutathione peroxidase, which
was interpreted as secondary to increased oxidative stress by clozapine (Miljevic et al.,
2010). Hence, we tested if clozapine versus non-clozapine antipsychotics were correlated
with glutathione abnormalities in schizophrenia.

2. METHODS
2.1. Participants

We recruited 54 participants (age range 18 – 62 years): 29 medicated patients and 25 normal
controls, frequency-matched on age, gender and smoking status (Table 1). Patients were
recruited from outpatient clinics of Maryland Psychiatric Research Center and neighboring
community clinics. Controls were recruited using local media advertisements. Exclusion
criteria included major medical and neurological illnesses, history of head injury with
cognitive sequelae, mental retardation, substance dependence within the past 6 months or
current alcohol or illicit drug abuse. Participants taking dietary supplements with antioxidant
contents or drugs that inhibit beta-oxidation including acetaminophen and ibuprofen
(Pessayre et al., 1999) on regular basis were excluded. The Structured Clinical Interview for
DSM-IV (SCID) was administered to all subjects to obtain DSM-IV diagnoses. Controls
were interviewed with SCID and had no DSM IV Axis I diagnosis and no family history of
psychosis in 3 generations. Patients were clinically stable individuals with DSM-IV
schizophrenia on antipsychotics. The dose of the antipsychotics was converted to
chlorpromazine equivalent (CPZ). Among these patients, 3 were on first generation
antipsychotic medications (CPZ of daily dose = 117.1 ± 23.4 mg) and the rest was on second
generation antipsychotics: including 12 on clozapine (368.8 ±137.5 mg), 3 on aripiprazole
(18.3 ± 10.4 mg), 3 on risperidone (6.7 ± 4.6 mg),2 on olanzapine (10.0 ± 7.1 mg), 2 on
quetiapine (800.0 ± 282.8 mg) and the remaining on 2 or more antipsychotic medications.
All subjects gave written informed consent in accordance with local Institutional Review
Board guidelines.

2.2. Measurement of GSH and GSSG
Participants were instructed to avoid strenuous physical exercise 24 hours before, to fast
overnight and not to smoke in the morning on the day of the blood draw. Venous whole
blood sample was drawn between 8:30AM to 10:30AM. The key step of sample preparation
was to prevent GSH, the predominant form of glutathione, to be oxidized into GSSG (so that
GSSG can be accurately measured). GSSG samples were mixed with a pyridine derivative
thiol-scavenging reagent before freezing. This redox scavenger overcomes shortfalls of other
methods associated with undesirable enzyme reactivity or slow rate reaction (Griffith, 1980;
Güntherberg and Rost, 1966). The scavenging reagent is a proprietary product by Oxford
Biomedical Research Inc., Rochester Hills. MI, USA. It is related to the M2VP (1-methyl-2-
vinylpyridinium trifluoromethane-sulfonate) described in the literature (Tietze 1969), an
approach with the advantage of complete scavenging of GSH in less than one minute,
compared to other methods that could take 60 minutes to remove GSH in the sample during
which time oxidation of GSH may occur, resulting in overestimation of the GSSG
concentration. Scavenger-processed (for GSSG) and unprocessed (for GSH) whole blood
samples were immediately stored at −80°C to avoid in vitro oxidation by room temperature
and cellular lysation (blood draw occurred in the freezer room). At the end of the study, all
samples were shipped using a secured dry ice container to Oxford Biomedicals, who
performed GSH and GSSG assays in one batch blind to subject information. The reaction of
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GSH with Ellman’s reagent (5,5′-dithiobis-2-nitrobenzoic acid (DTNB)) gave rise to a
product quantified spectrophotometrically at 412 nm. This reaction was used to measure the
reduction of GSSG to GSH and its rate is proportional to GSH and GSSG concentrations
(Iwasaki et al., 2009). The assay uses an eight-point standard curve for both total GSH and
GSSG determinations. Given the predominant form is GSH (Lenton et al., 1999), GSSG is
more meaningful when expressed as %GSSG [(GSSG/total glutathione) × 100], which was
the primary measure for GSSG. Note that whole blood, not serum or plasma, GSH and
GSSG were measured here.

2.3. Antioxidant Dietary Source Questions (ADS)
We developed the ADS Questions based on similar studies (Ellinger et al., 2011; Rietveld
and Wiseman, 2003; Santarelli et al., 2010) by including types of food with antioxidant
contents common in the dietary habits of people in the Northeast and Mid-Atlantic regions
of the U.S., such as fruits, vegetables, nuts, and cereals, among others. Each nutrient was
recorded as weekly average of portion sizes over the previous 6 months using a self-
reporting format. Items and portion sizes were derived from USDA National Nutrient
Database for Standard Reference and similar guides (e.g., http://usda.mannlib.cornell.edu/
MannUsda/; http://www.ars.usda.gov/SP2UserFiles/; http://www.nutfruit.org/; Wu et al.
2004). Intake information was converted to total antioxidant capacity (TAC), calculated on
the ferric reducing antioxidant power (FRAP) based on reference values from the standard
food composition table (Carlsen et al., 2010). A summary for included food categories is in
Table 2. The actual ADS Questionnaire and the ADS Conversion table are freely available
to readers upon request.

2.4. Clinical and functional assessments
To determine whether GSH and GSSG are related to clinical symptoms, we used the 20-item
Brief Psychiatric Rating Scale (BPRS) total score to estimate overall symptom severity. To
assess psychosocial functioning in all subjects, we used the University of California San
Diego Performance-based Skills Assessment, 2nd edition (UPSA-2). UPSA-2 is a proxy
measure of function that assesses simulated life and community skills in 5 areas (Patterson
et al., 2001; Twamley et al., 2002; Harvey et al., 2007). The total score was used to estimate
overall everyday functioning.

2.5. Statistical Analysis
ANOVA was used to assess patient-control differences on GSH, GSSG, and %GSSG.
Univariate ANOVA was used to examine smoking status by group interaction on GSH and
GSSG. Data normality was verified using the Kolmogorov-Smirnov goodness-of-fit test.
Mann-Whitney U tests were used when data did not follow normal distribution. Correlations
were performed using Spearman’s rank order tests. GSH and GSSG contributions to clinical
symptom and function were assessed by linear regressions where a clinical assessment was
the dependent variable and GSH and GSSG were predictors. GSSG instead of %GSSG was
used in regression analysis for maximizing the independence of the two predictors. All tests
were two-tailed.

3. RESULTS
3.1. GSH and %GSSG levels

Fasting whole blood GSH levels were significantly lower in patients compared with controls
(p<0.001) (Figure 1A). Fasting GSSG levels were significantly higher in patients vs.
controls: patients showed over 5-fold higher in %GSSG compared with controls (p=0.023)
(Figure 1B). %GSSG in patients also showed large variance: three patients had %GSSG >
50%, largely because they had GSH levels close to zero. The difference remained significant
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(p=0.027) even upon removal of these extreme cases: patients still had over 2-fold higher
%GSSG compared with controls (Figure 1C). GSH and GSSG were not significantly
correlated in either controls (r=0.03, p=0.90) or patients (r=−0.09, p=0.66). Age was not
significantly associated with blood GSH level in patients or controls (r=−0.21, p= 0.27 and
r=−0.26, p= 0.21, respectively). Using age as covariate in comparisons of GSH between
patients and controls, we found that age had a trend effect (F=3.17, p=0.08) but little effect
on the difference in GSH between the two groups (F=10.68, p<0.001). We further divided
the subjects into two groups: younger adults age 45 or below and older adults age above 45.
We found that GSH remained significantly different between controls and patients in the
younger age range (832.3±239.5 vs. 567.4±174.5, respectively, F=12.20, p=0.002) and in
the older age range (760.0±140.9 vs. 453.9±294.5, respectively, F=9.91, p=0.005).

3.2. Dietary total antioxidant capacity (TAC)
Based on ADS, average recent dietary TAC was not reduced in patients compared with
controls. Rather, a nominally significantly higher TAC was observed in patients compared
with controls (p=0.02) (Table 2). Of individual dietary items or categories, only fruit juice
showed a nominally significant group difference such that patients obtained more TAC from
fruit juice than controls (p=0.04). None of the comparisons were statistically significant after
Bonferroni corrections for multiple comparisons. In controls, total dietary TAC
demonstrated a positive but non-significant correlation with GSH (r=0.34, p=0.10) and a
negative, but non-significant correlation with %GSSG (r=− 0.29, p=0.16). In patients,
correlations between TAC and GSH (r=−0.10, p=0.61) and %GSSG (r=0.21, p=0.28) were
also non-significant. These findings suggested that dietary TAC may contribute to more
GSH and less GSSG in normal controls, albeit only at trend levels, and this relationship
appeared more obscure in patients.

3.3. Smoking
There was a significant smoking by diagnosis interaction on GSH (p=0.026). There was no
difference in GSH concentrations between smokers and non-smokers in the whole sample
(651.5±329.8 vs. 646.6 ±236.6, respectively, p=0.93) or in patients (417.3±121.5 vs.
554.3±262.6, respectively, p=0.17). The difference approached significance in controls
(smokers: 919.0 ±282.8 vs. nonsmokers: 754.4±145.6, p=0.06). The significant interaction
was due to an opposite trend of high GSH in control smokers but lower GSH in patient
smokers compared with the respective nonsmokers. There was no significant smoking x
diagnosis interaction on %GSSG (p=0.38). %GSSG was not significantly different between
smokers and nonsmokers in the combined sample (p=0.42), normal controls (p=0.62), or
patients (p=0.38). The three patients with high %GSSG were all nonsmokers. Finally, there
were no significant correlations between number of cigarettes smoked per day and GSH
(r=0.11, p=0.74) or %GSSG (r=0.16, p=0.64).

3.4. Antipsychotic medications
Correlations between antipsychotic CPZ and GSH and GSSG were not significant (r=−0.26
and −0.25, respectively, n=29, all p > 0.40). Separating patients into clozapine vs. other
antipsychotics subgroup, lower GSH was present independently in clozapine (559.2±238.3)
(p = 0.005) and other antipsychotics subgroup (486.4±241.0) (p<0.001) compared with
normal controls (800.5±201.7). Increased %GSSG was also present in both clozapine
(10.6±23.6%) and other antipsychotics subgroups (13.7±25.3%) compared with controls
(2.4±3.0%) although they were not statistically significant (p=0.051–0.20). Clozapine dose
was not significantly correlated with GSH level (r=0.01, p=0.97), but significantly and
inversely correlated with %GSSG level (r=−0.65, n=12, p=0.02) such that higher clozapine
doses were associated with lower GSSG.
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3.5. Clinical and functional implications
GSH and GSSG were not significantly correlated with age of psychosis illness onset
(r=0.04, p=0.83 and r=0.20, p=0.32, respectively) or duration of illness (r=−0.18, p=0.36
and r=−0.10, p=0.62, respectively) in schizophrenia patients. In the regression analysis of
GSH and GSSG contributions to BPRS total score in patients, the model was not significant
(F(2, 26)=0.30, p=0.74). In the regression analysis of GSH and GSSG contributions to
UPSA-2, the model was significant (F(2, 49)=4.36, ΔR2=15.1%, p=0.018) with tolerable
colinearity statistics (VIF=1.02). GSH level significantly contributed to higher function
(t=2.08, ΔR2=8.0%, p=0.045) while GSSG level significantly contributed to lower function
(t=−2.22, ΔR2=7.1%, p=0.031).

4. DISCUSSION
This study tested the hypothesis that dietary antioxidant intake, smoking, and antipsychotic
medication contribute to abnormal GSH and GSSG levels in schizophrenia. We found no
evidence to support the hypothesis that these factors are the primary sources for the
abnormal glutathione redox state in patients (Table 2).

Smoking is highly prevalent in schizophrenia (Cooper et al., 2012) although its potential role
in the oxidative stress abnormalities in schizophrenia remains unclear. Interestingly, control
smokers showed a trend of higher GSH compared with control nonsmokers, whereas the
opposite trend was observed in patients. This may seem paradoxical. However, increased
redox response to smoking has been observed in chronic obstructive pulmonary disorder
patients (Gould et al., 2011). It is possible that in control subjects smoking activated the
available redox response, leading to increase in GSH levels; while in patients smoking did
not change or even led to a decrease in GSH levels, which would be consistent with their
impaired upregulation of GSH synthesis under oxidative stress conditions as reported by
Gysin et al (Gysin et al., 2007). Beyond that, we found no evidence that smoking accounted
for the low GSH concentration in patients. Low GSH/high GSSG state in patients remained
significantly different from controls even when smoking status was matched between
patients and controls. Smoking severity was also not significantly correlated with GSH or
GSSG levels.

We also found no evidence that GSH or GSSG were influenced by medication levels as
measured by daily dose, but this does not rule out potential effect from chronic medication
exposure. Lower GSH has been seen in treatment-naive or unmedicated patients (Raffa et
al., 2011, 2009; Do et al., 2000), supporting that decreased GSH is present even without
antipsychotics. We also showed that GSH was significantly decreased in patients regardless
of clozapine use, ruling out a substantial impact of clozapine on the observed deficit. We
found an inverse relationship between clozapine dose and concentration of oxidized
glutathione (GSSG), which may complement previous findings of reduced glutathione
peroxidase activity in clozapine-treated patients (Miljevic et al. 2010). Dose-dependent
inhibition of glutathione peroxidase activity by clozapine may contribute to conflicting
results regarding activity of this enzyme in schizophrenia vs. healthy controls (Dakhale et
al., 2004; Kuloglu et al., 2002; Raffa et al., 2011; Ben Othmen et al., 2008; Ranjekar et al.,
2003; Yao et al., 2006).

GSH and GSSG levels were significantly associated with everyday functioning as measured
by UPSA-2, suggesting that 1) GSH is related to better functioning; 2) GSSG may have the
opposite effect, and 3) UPSA-2 appears sensitive to glutathione redox state. UPSA-2 is a
well-validated measure of psychosocial functioning (Patterson et al. 2001; Twamley et al.
2002; Harvey et al. 2007). If replicated by other studies, this would underscore the clinical
relevance of oxidative stress abnormalities in schizophrenia by connecting a

Ballesteros et al. Page 6

Schizophr Res. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pathophysiological mechanism to real-world functioning. However, we did not find a
significant correlation with BPRS. We speculate that perhaps BPRS is a measure that is
more biased by various medications while UPSA is a trait-like measure of functional
capacity and thus more likely to demonstrate significant correlations with GSH/GSSG.
Further studies are necessary to more fully understand how oxidative stress can contribute to
poor psychosocial functioning.

A growing body of evidence implicates oxidative stress as an important component of
schizophrenia pathophysiology, with deficits in glutathione synthesis (Gysin et al., 2007),
regeneration (Yao et al., 2006) and impaired antioxidant enzyme activity contributing to
abnormal redox balance. Oxidative stress appears to be an important mechanism in
schizophrenia neurodevelopmental models. Genetic factors and early environmental insults
may create a state of redox dysregulation, with downstream effects on NMDA regulation,
myelination, and functional connectivity between brain regions (Do et al., 2009). Indeed,
developmental animal models converge in identifying cortical inhibitory interneurons as a
cell type vulnerable to the effects of oxidative stress (Sullivan and O’Donnell, 2012).

The study is limited by its retrospective, recall-based design of the ADS; the precision of
data on dietary antioxidant intake is likely biased by recall related errors, which could mask
small but still significant relationships between diet and GSH/GSSG levels. The sample size
here was small, which may in part also explain an insignificant correlation between GSH
and dietary TAC (r=0.34, p=0.10). It is also possible that dietary TAC may have a more
direct relationship with other antioxidant defense mechanisms that were not captured by the
GSH/GSSG indices. Another limitation is that GSH was peripherally measured; the
relationship between levels of GSH in the periphery and in brain tissue remains unclear.
However, oral administration of glutathione precursor has shown to robustly enhance GSH
level in brain tissue (Nehru et al., 2007), which indirectly supports a central-peripheral
correlation because by definition, dietary supplements are peripheral. Lower total
glutathione blood level also significantly predicts greater brain volume decrease in a two-
year longitudinal study of first episode psychosis patients (Fraguas et al., 2012). Such
evidence provides reasonable support that some associations are likely present between
peripheral GSH and brain functions.

We replicated the finding of decreased GSH and elevated GSSG in schizophrenia. Our study
supports that this state of redox dysregulation is likely to be intrinsic to the disorder.
Evidence found in this study demonstrates the importance of this physiological index in
terms of psychosocial functioning. Further study of impairments in antioxidant defenses
should contribute to our understanding of the etiology of schizophrenia and identify targets
for intervention.
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Figure 1.
(A) The reduced form of glutathione (GSH) in schizophrenia patients (red bar) was
significantly lower compared with controls (black bar) (* p<0.001). (B) Percent of the
oxidized form of glutathione (GSSG) was significantly increased in schizophrenia patients
compared with controls (* p=0.023). Note the large variance in the patient group, due to
%GSSG over 50% in 3 patients. (C) However, even after removing the 3 patients with
extremely high %GSSG, patients were still significant different from controls in %GSSG (*
p=0.027).
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Table 1

Demographic, clinical characteristics, and dietary total antioxidant capacity (TAC) intake.

Normal Controls (N = 25) Schizophrenia Patients (N = 29) Statistics P values

Age (years) 38.76±13.721 41.10±13.81 0.009 0.55

Sex (male:female) 11:14 20:9 2.48 0.12

Smoker:Nonsmoker 7:18 8:21 0.00 1.00

Education (year) 13.4±1.6 12.1±2.0 5.77 0.020

Age of illness onset (year) n/a 21.4±8.4 n/a n/a

Duration of illness (year) n/a 20.0±13.4 n/a n/a

BPRS score n/a 43.28±9.93 n/a n/a

UPSA-2 102.9±10.3 90.7±10.5 17.62 <0.001

Fasting duration (hours) 12.18±2.81 12.48±3.64 0.11 0.74

GSH (μmol/L) 800.50±201.73 516.50±238.40 21.06 <0.001

GSSG (μmol/L) 19.96±24.82 27.94±23.19 8.56 0.005

%GSSG 2.40±3.02 12.43±24.18 2.28 0.023

TAC intake/week (μmol FRAP/week) 12620.6 + 1046.2 15257.7 + 1800.0 1.48 0.23

1
Values are mean ± sd. BPRS: Brief Psychiatric Rating Scale total score. UPSA-2: the University of California San Diego Performance-based

Skills Assessment, 2nd edition total score (the data for controls was from 23 subjects because 2 controls did not complete UPSA-2).
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Table 2

Weekly total antioxidant capacity (TAC) of each dietary item or category, based on the Antioxidant Dietary
Source Questions.

Dietary Food Items
Total Antioxidant Capacity/week(μmol FRAP/week)

F P
Normal Controls (N=25) Schizophrenia Patients (N=29)

Fruit 2582.73 ± 469.881 3223.63±478.62 0.9 0.35

Vegetable 2711.62 ± 352.15 2515.71±304.14 0.18 0.67

Wine 212.5351± 58.30 215.94 ± 103.05 0.01 0.98

Juice 4606.69 ± 915.68 8362.29 ± 858.01 8.945 0.04*

Nut products 2120.48 ± 513.29 2307.85 ± 597.07 0.06 0.82

Dry fruit 635.58 ± 170.39 934.67 ± 333.70 0.58 0.45

Bread 2334.96 ± 363.07 2265.72 ± 355.43 0.02 0.89

Cereal 900.57 ± 186.57 1368.37 ±221.83 2.51 0.12

Baking chocolate 704.49 ± 272.54 1735.19 ± 661.96 1.86 0.18

Milk chocolate 197.31 ± 46.18 283.50 ± 68.66 1.02 0.32

Total 22580.72 ± 2124.20 24307.89 ± 2204.54 5.78 0.02*

1
Values are mean ± mean error (sd).
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