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Abstract 

Since l-carnosine has shown effectiveness in improvement of cognition in patients with 

schizophrenia, this 8-week, randomized, double-blind, placebo-controlled pilot study was 

conducted. Sixty-three patients with chronic schizophrenia, who were clinically stable on a stable 
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dose of risperidone, entered the study. The patients were randomly assigned to l-carnosine (2 

gr/day in two divided doses) or placebo for eight weeks. The patients were assessed using the 

positive and negative syndrome scale (PANSS), extrapyramidal symptom rating scale (ESRS), 

and Hamilton depression rating scale (HDRS) during the study course. Sixty patients completed 

the trial. L-carnosine resulted in greater improvement of negative scores as well as total PANSS 

scores but not positive subscale scores compared to placebo. HDRS scores and its changes did 

not differ between the two groups.  Both groups demonstrated a constant ESRS score during the 

trial course. Frequency of other side effects was not significantly different between the two 

groups. In a multiple regression analysis model (controlled for positive, general 

psychopathology, depressive and extrapyramidal symptoms, as well as other variables), the 

treatment group significantly predicted changes in primary negative symptoms. In conclusion, l-

carnosine add-on therapy can safely and effectively reduce the primary negative symptoms of 

patients with schizophrenia. 
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1. Introduction 

Negative symptoms of schizophrenia, with about 23% to 26% prevalence, are the most 

challenging aspects of this disease with high burden in regard to inconsistent effectiveness of the 
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current antipsychotic drugs ( McGlashan, 1991; Akhondzadeh, 2001; Chue and Lalonde, 2014; 

Fenton and Murphy et al., 2006; Millan, 2014). Several underlying mechanisms are postulated to 

be responsible for the negative symptoms. However, there is no common approved medication 

for treatment of either the negative symptoms or cognitive dysfunction in schizophrenia 

(Buchanan, 2007; Ibrahim and Tamminga, 2011). Glutamate dysfunction and N-methyl-D-

aspartate (NMDA) receptor (a glutamatergic receptor) dysregulation are believed to be 

associated with the pathophysiology of cognitive deficits and negative symptoms of 

schizophrenia (Beck et al., 2016; Field et al., 2011; Moghaddam and Javitt, 2012). Decrease in 

NMDA receptor (NMDAR) function contributes to decrease in gamma-aminobutyric acidergic 

(GABAergic) activity which is linked to hyperactive glutamatergic activity in several brain 

regions including the prefrontal cortex (Cohen et al., 2015; Krystal et al., 2003; Paz et al., 2008). 

Enhancing NMDA transmission and increasing NMDA receptor activation through glycine site 

agonists are drug target mechanisms indicated to improve the primary negative symptoms of 

schizophrenia (Evins et al., 2002; Heresco-Levy and Javitt, 2004). 

There is an emerging role for nutritional supplements in different neuropsychiatric disorders 

(Ghajar et al., 2016; Hajizadeh-Zaker et al., 2017; Matsukura and Tanaka; 2000). Carnosine (a 

dipeptide of β-alanine and L-histidine amino acids), a widely consumed dietary supplement 

(Hipkiss, 2011), has high concentrations in excitable tissues such as muscle and nervous tissue 

(Prokopieva et al., 2016). Carnosine is a known antioxidant, co-localized at glutamatergic 

synapses (Sassoè-Pognetto et al., 1993), which assists with the impaired cellular antioxidant 

defenses in patients with schizophrenia (Karton et al., 2012; Kulebyakin et al., 2012). 

Furthermore, carnosine is indicated to regulate NMDAR activity, decrease glutamate levels, 

inhibit glutamate release (Shen et al., 2010; Shen et al., 2007), and also reverse glutamate 
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increase induced by morphine in the ventral tegmental area (Gong et al., 2007). In a study 

conducted by Hatano et al., serum alanine levels (a component of l-carnosine) of patients with 

schizophrenia were associated with their symptomatic improvement (Hatano et al., 2010), and 

investigation of the postmortem schizophrenic brains showed altered aspartate–alanine 

metabolism in the prefrontal cortex (Middleton et al., 2002).  

To the best of our knowledge, there is only one randomized clinical trial investigating l-

carnosine in patients with schizophrenia with promising beneficial effects on cognition in these 

patients (Chengappa et al., 2012). We were interested in studying l-carnosine effectiveness 

because of its wide use, high bioavailability, easy penetration of the blood-brain barrier (BBB), 

lack of danger in overdose, few side-effects, and long-term administration with no accumulation 

in tissues (Matsukura and Tanaka, 2000; Prokopieva et al., 2016). The present study aimed to 

assess the safety and efficacy of l-carnosine add-on to risperidone on negative symptoms of 

patients with stable schizophrenia in an 8-week treatment course. 

 

2. Methods 

2.1 Study design and setting 

This study was conducted as an 8-week, randomized, double-blind, placebo-controlled, parallel 

group study of outpatients with chronic stable schizophrenia at the outpatient general psychiatry 

clinics of Roozbeh Psychiatric Hospital (Tehran University of Medical Sciences, Tehran, Iran) 

from May 2015 to February 2017. The trial was registered in the Iranian registry of clinical trials 

(www.irct.ir; trial identifier with the IRCT database: IRCT201504211556N75). 
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2.2 Participants 

Male and female outpatients with schizophrenia (based on Diagnosis and Statistical Manual 

(DSM-5) aged 18–60 years and a minimum disease duration of 2 years were recruited to the 

study. The diagnosis was based on the Structured Clinical Interview and was confirmed by chart 

review and interview of a senior psychiatrist. To be eligible, clinical stability on a stable dose of 

risperidone was required for at least eight weeks before entering the study. Clinical stability was 

defined as total score change ≤20 % on two sequential ratings (every two weeks for a month) on 

the positive and negative syndrome scale (PANSS) (Kay et al., 1987). Exclusion criteria were 

existence of serious medical, neurological or any other psychiatric disorder, being subject to 

electroconvulsive therapy (ECT) in the past 6 months, a score of ≥14 on the 17-item Hamilton 

Depression Rating Scale (HDRS) (Hamilton, 1960), score ≥4 on the depression item of PANSS, 

alcohol or substance (with the exception of nicotine) dependence, intelligence quotient <70 

(based on clinical judgment), history of neurosurgery or head trauma, low blood pressure, 

pregnancy and breastfeeding. Patients were not allowed to use antidepressants, mood stabilizers, 

sedating antihistamines or a second antipsychotic (as an augmentative strategy) during the course 

of the trial. None of the patients were addicted to caffeine, and no other extra dietary 

supplements were used by the participants. All participants were informed that they are free to 

withdraw from the trial at any time. The institutional review board (IRB) of Tehran University of 

Medical Sciences approved the trial protocol (Reference number: 27749). All patients and their 

legally authorized representatives provided written informed consent in accordance with the 

procedures defined by the local IRB. The trial was performed in accordance with the Declaration 

of Helsinki and its latest revisions. 

2.3 Dosing and treatment regimens 
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Patients were randomly allocated to receive either 2 gr/day l-carnosine (ACER, Iran) or placebo. 

L-carnosine titration was conducted for ten days. Participants received 500 mg/day of l-carnosine 

for five days; on day six, the dose of l-carnosine was increased to 1,000 mg/day in two divided 

doses for five days. On day eleven, patients received the maximum fixed dose of 2 gr/day in two 

divided doses throughout the trial. The schedule of dose titration for placebo followed the 

schedule of the active medication. All participants received risperidone (Risperdal, Janssen 

Pharmaceuticals) up to 6 mg/day during the course of the trial. Patients with sleep problems 

received 1 mg lorazepam every night for the first week of the trial. Medication adherence was 

measured using weekly capsule counts justified against participant reports of medication intake 

to calculate the proportion of dispensed medication doses that were actually ingested. 

2.4 Assessments (outcomes, side effects): 

Patients were rated using the PANSS based on a structured clinical interview at weeks 0, 2, 4, 6, 

and 8 following baseline. PANSS has been applied in several studies of our center (Kashani et 

al., 2017; Rezaei et al., 2017; Tajik-Esmaeeli et al., 2017; Nikbakhat et al., 2016) 

Extrapyramidal Symptom Rating Scale (ESRS) (Chouinard et al., 1980) was used to assess the 

extrapyramidal symptoms at baseline and every 2 weeks. The primary outcome measure was the 

difference in PANSS negative subscale score reduction from baseline to week 8 between the l-

carnosine and the placebo groups. Secondary outcome measures were the difference of change in 

the PANSS subscale scores and the PANSS and ESRS total scores (at each visit) between the 

two groups. In addition, HDRS was administered at baseline and week 8 in order to assess 

changes in depressive symptoms (Hamilton, 1960). HDRS has also been applied in previous 

studies in Iran (Jafarinia et al., 2016). In addition to ESRS, adverse events were systematically 

evaluated at each time point using a checklist. Patients were first asked an open-ended question 
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about any adverse event that was not mentioned on the checklist (Noorbala et al., 1999; 

Akhondzadeh et al., 2000; Modabbernia et al., 2012). 

2.5 Sample size 

Based on our previous studies on augmentative therapy in stable schizophrenia (Noroozian et al., 

2013); assuming a difference of 3 on the PANSS negative scores between the two groups of the 

trial, a standard deviation (SD) of 3, a two-tailed significance of 5%, and a power of 95%, a 

sample size of 52 was calculated. Considering a 20% dropout rate, sixty-three patients were 

required. 

2.6 Randomization, allocation concealment, and blinding 

A computerized random number generator was used to randomly assign the participants to either 

the l-carnosine or the placebo group (blocks of 4, allocation ratio 1:1). The patients, the 

psychiatrists who referred them, the rater and the person who administered the medications and 

the statistician were all blinded to the allocation. Placebo was not distinguishable in appearance 

(shape, size, color, and taste) from l-carnosine and was dispensed by the investigational drug 

pharmacist. 

2.7 Statistical analysis 

Statistical analysis was conducted using SPSS 20.0 (IBM Corporations). Categorical variables 

and continuous variables were reported as frequency (percentage) and mean ± standard deviation 

(SD), respectively. Mean differences between the groups were reported as the mean (95 % 

confidence intervals, 95% CI). All analyses were based on the intention-to-treat sample and were 

performed using the last observation carried forward (LOCF) procedure. To compare the score 
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and the behavior of the two treatment groups over the course of the trial, a two-factor repeated 

measures analysis of variance (ANOVA) with Greenhouse–Geisser correction was used. To 

compare score changes from baseline to each time interval between the two study groups, the 

independent t-test and Cohen’s d effect size were used. A p value of <0.05 was considered 

statistically significant. Multivariate linear regression analysis of study variables was conducted 

to predict changes in negative scores as the primary outcome. Utilizing the Bonferroni adjusting 

method, p value of <0.012 was considered statistically significant in the primary outcome 

analysis (adjustment for comparisons of PANSS total and three subscales between the two 

groups). When comparing adverse events, a p value <0.01 (adjustment for comparing five side 

effects), and a p value <0.05 was considered meaningful in all other analyses.  

 

3. RESULTS 

3.1 Baseline Patient Characteristics  

Of 101 patients screened for the trial, 63 patients were randomly assigned to either the L-

carnosine or the placebo trial arms (more than the assumed sample size). All patients had at least 

one post-baseline measurement and 60 patients completed the study. Mean dose of risperidone 

(mg/day) did not differ significantly between the two groups [MD (95 % CI) = -0.02 (-0.24 to 

0.20), t (58) = 0.18, p = 0.858]. Anticholinergic medications were allowed to treat severe 

extrapyramidal symptoms (EPS).  However, severe EPS was not reported by any of the patients 

requiring this type of medication. One patient in the L-carnosine and two patients in the placebo 

group  dropped out before the end of the trial (Fig.1) (None of the withdrawn consents were due 

to side effects). Negative, positive, general psychopathology, and total PANSS symptom scores, 
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as well as ESRS and HDRS values were not significantly different between the two groups at 

baseline. Table 1 summarizes the baseline data of the participants.  

3.2 Negative Symptoms 

In two-factor repeated measure ANOVA, effect of time [Greenhouse-Geisser corrected: F 

(1.821, 105.618) =19.373, p<0.001] was significant. The effect of time × treatment interaction 

[Greenhouse- Geisser corrected: F (1.821, 105.618) = 6.891, p = 0.002] was also significant (Fig. 

2) showing that the l-carnosine treatment group behavior was different from the placebo group 

across time. At the end of the trial, patients in the l-carnosine group experienced significantly 

greater reduction in their negative subscale score than patients in the placebo group [MD: (95 

%CI) = 1.466 (0.50–2.42), t (42.57) = 3.071, p=0.004] (Table 2). 

 

3.3 Positive Symptoms 

In repeated measure analysis, effect of time [Greenhouse-Geisser: F (1.111, 64.418) = 6.424, p 

=0.011] was significant (Fig. 3). In repeated measure analysis of ANOVA, time × treatment 

interaction [Greenhouse-Geisser corrected: F (1.111, 64.418) = 1.224, P=0.278] did not show 

significant effect on positive score reduction, showing that behavior of the two treatment groups 

was similar across time. By week 8, patients in the l-carnosine group did not differ significantly 

in reduction of their positive subscale score than patients in the placebo group [MD: (95 %CI) 

=0.16 (−0.21 to 0.54), t (58) =−0.885, p=0.380] (Table 2 and Fig. 3). 

3.4 General Psychopathology 
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Two-factor repeated measure ANOVA demonstrated significant effect of time [Greenhouse-

Geisser corrected: F (1.252, 72.616) = 9.595, p = 0.001] but found no significant time × 

treatment interaction [Greenhouse-Geisser corrected: F (1.252, 72.616) =3.385, p= 0.061]. At 

week 6, the L-carnosine group showed significantly greater improvement in general 

psychopathology subscale score than the placebo group (p=0.03), which returned to a 

nonsignificant difference by week 8 post-intervention (p=0.07) (Table 2). At the end of the trial, 

changes of 0.63 (3.3 % reduction from baseline) and 0.17 (0.8 % reduction from baseline) in 

general psychopathology subscale score were observed in the L-carnosine and the placebo 

groups, respectively (Table 2 and Fig. 4). 

3.5 Total Score 

Repeated measure ANOVA showed significant effect for time [Greenhouse-Geisser: F (1.732, 

100.438) = 35.343, p <0.001] and time × treatment interaction [Greenhouse-Geisser: F (1.732, 

100.438) = 11.124, p <0.001] (Fig. 5). Until week 4, there was still no significant difference 

between the two groups. By week 6, patients in the L-carnosine group showed significantly 

greater improvement in total PANSS score than the placebo group. A similar effect for L-

carnosine was observed at week 8 post-intervention (Table 2). At the end of the trial, statistically 

meaningful changes of 2.97 (6.3 % reduction from the baseline) and 0.83 (1.7 % reduction from 

the baseline) in the total score were observed in the L-carnosine and the placebo groups, 

respectively [MD: (95 %CI)= 2.13 (0.96 to 3.31), t(39.89)= 3.663, p=0.001]. 

3.6 Extrapyramidal Symptom Rating Scale (ESRS) 

ESRS scores remained constant in both treatment groups (L-carnosine and placebo) at various 

checkpoints from baseline to week 8 post-intervention. Mean ± SD of the ESRS scores for 
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citicoline and placebo groups were 1.56 ± 2.78 and 1.53 ± 2.11, respectively from the beginning 

to the end of the study. 

3.7 Hamilton Depression Rating Scale (HDRS) 

Baseline HDRS did not differ between the two groups significantly [MD: (95 %CI) = 0.46 (-0.07 

to 1.00), t (58) =1.74, p=0.087]. At the end of the study, change in the HDRS score in the two 

groups was not significantly different [MD: (95%CI) = 0.17(-0.23 to 0.56), t (58) = -0.846, 

p=0.401]. 

3.8 Effect of other variables on changes in negative symptoms 

To predict score change in negative symptoms, we performed a multivariate linear regression 

analysis of study variables (method: Enter). Changes in the negative score were only associated 

with the treatment group (standardized β= -0.328, p= 0.016). It was not associated with change in 

positive (standardized β= -0.141, p= 0.293), general psychopathology (standardized β= 0.083, p= 

0.523), ESRS (no change was seen in ESRS scores), and Hamilton scores (standardized β= -

0.176, p= 0.171). It was also not associated with age (standardized β= -0.331, p= 0.115), 

schizophrenia subtype (standardized β= - 0.152, p= 0.261), duration of disease (standardized β= -

0.374, p= 0.067), smoking (standardized β= 0.016, p= 0.906), and education (standardized β= 

0.183, p= 0.323).  

3.9 Adverse Events 

Other than extrapyramidal symptoms, 16 adverse effects were recorded during the course of the 

study. The frequency of side effects did not differ significantly between the two groups (Table 

3). Adverse effects were all mild to moderate and none of the dropouts were due to side effects. 
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4. Discussion 

In line with our hypothesis, we showed that l-carnosine add-on to risperidone has considerable 

beneficial effects in treatment of primary negative symptoms in patients with schizophrenia. 

Improvements that occur in negative symptoms might be related to alterations in positive, 

extrapyramidal, and depressive symptoms (Buchanan, 2007; Kirkpatrick et al., 2006; Murphy et 

al., 2006). In order to minimize effects of the aforementioned confounding factors and show pure 

effect of treatment on primary negative symptoms, patients were stabilized adequately before the 

trial and changes in positive, depressive, and extrapyramidal symptoms were minimal during the 

trial course. The observed Cohen’s d were 0.95 and 0.79 in total PANSS score and negative 

subscale scores, respectively, which showed a relatively large effect size for the primary negative 

score. It is noteworthy that changes of about 2 (10.5 % reduction from the baseline) and 0.50 (2.7 

% reduction from the baseline) in the negative subscale scores were observed in the L-carnosine 

and the placebo groups at the end of the trial, respectively. More complicated and longer average 

illness duration (21 years) of patients referred to our tertiary care center, more resistant nature of 

negative and cognitive symptoms, patient stabilization prior to entry and low baseline PANSS 

subscale scores should be considered when interpreting the total treatment effect. 

There is no unifying concept about the mechanism of action and functions of carnosine in the 

brain (Shen et al., 2007); however, anti-oxidant, NMDA modulatory, glutamatergic, and 

histaminergic effects are proposed. Anti-inflammatory mechanisms are becoming of interest in 

treating neuropsychiatric disorders including schizophrenia (Alamdarsaravi et al., 2017; 

Akhondzadeh et al., 2007). However, anti-inflammatory effects of l-carnosine might not 

completely explain our findings because of the controversial results gained from different 
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randomized controlled trials of aspirin and celecoxib administration in schizophrenia (Andrade, 

2015).  

NMDAR modulatory activity of l-carnosine might be associated with significant improvement 

observed in negative symptoms (Balu and Coyle, 2015; Murphy et al., 2006). Glycine and D-

cycloserine (enhancers of the NMDAR neurotransmission) are reported to improve the primary 

negative symptoms of schizophrenia in some (but not all) studies (Buchanan, 2007; Goff et al., 

1999).  In addition, applying NMDA receptor antagonists to induce negative and cognitive 

symptoms in experimental models lend further support to the NMDAR hypothesis (Neill et al., 

2010). D-serine, an NMDAR modulator that reverses the effects of NMDAR antagonists, is 

indicated to induce significant improvement in negative symptoms (Kantrowitz et al., 2015), 

cognitive symptoms and total psychopathology compared with placebo (Coyle and Tsai, 2004). 

Furthermore, D-alanine, which is an endogenous NMDA receptor agonist at the glycine site, 

(McBain et al., 1989) improved positive and cognitive symptoms in patients with schizophrenia 

(Tsai et al., 2006).  Moreover, N-acetylcysteine (NAC), which increases the brain glutathione, is 

indicated to significantly improve PANSS total, negative and PANSS general psychopathology 

scores as an add-on therapy in chronic schizophrenia patients (Berk et al., 2008). 

It should be noted that memantine (an NMDA receptor antagonist) adjunctive therapy, has been 

demonstrated to have beneficial effects on overall symptoms and negative symptoms compared 

to placebo (De Lucena et al., 2009; Rezaei et al., 2013); however, this finding is controversial 

(Lee et al., 2012; Lieberman et al., 2009) and memantine has several other mechanisms of action 

including its action as an antagonist for serotonin-3 and a-7 nicotinic acetylcholine receptors as 

well as an agonist for dopamine D2 receptor which should be considered. Nevertheless, in a 

meta-analysis, NMDA receptor antagonist adjunctive therapy was not superior to placebo in 
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overall, positive, and negative symptoms (Matsuda et al., 2013). Progressive separation of the l-

carnosine and the placebo arms in terms of primary negative symptom score improvement during 

the study course should be noted because it is suggestive of the more pronounced beneficial 

effect of l-carnosine if the drug is administered for a more extended period of time. 

In the only similar study comparing l-carnosine (same dose as our study) with placebo add-on to 

risperidone in patients with schizophrenia (Chengappa et al., 2012), the l-carnosine group 

performed significantly faster on non-reversal condition trials of the set-shifting test, displayed 

significant improvement on the strategic target detection test, and made fewer perseverative 

errors compared with placebo. Both studies used similar doses of l-carnosine. No significant 

improvement in positive, negative or depressive symptoms was reported. Comparing study 

participants, baseline negative symptom score was significantly lower than the present study (14 

± 4.3 vs. 18.70 ± 3.80; p<0.001).  Moreover, baseline positive symptom score was significantly 

higher (14.8 ± 3.8 vs. 9.3 ± 2.54; p<0.001).  However, it should be noted that the two studies 

differed in their objectives. We stabilized our patients to measure the pure effect of l-carnosine 

on negative symptoms.  In our study, all patients were on a stable dose of risperidone; however, 

in the study conducted by Chengappa et al., patients were stable on different antipsychotic drugs.    

In contrast to this study, they reported some treatment-emergent adverse events. 

Even though the present study has several advantages, such as the double-blind, placebo-

controlled design and the rigorous adjustment for baseline clinical variables, various limitations 

should be addressed to prevent over-generalization of the findings. Population size was relatively 

small and the follow-up period was of relatively short duration. Measurement of serum or CSF 

concentrations of alanine and/or glutamate could be suggestive of possible causative 

associations. Male predominance might have limited interpretation of our findings to male-
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predominant populations although in another similar study male to female ratio was about 1:7 

(Chengappa et al., 2012). We also analyzed the male-only participants and achieved similar 

results.  Finally, absence of functional and cognitive assessments (e.g. clinical global impression) 

are also among other limitations of the present study. 

Conclusion 

Eight weeks of treatment with l-carnosine as an add-on to risperidone showed good tolerability 

and significant beneficial effects on negative symptoms of patients with chronic stable 

schizophrenia. 
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Fig. 1 Flow diagram representing case selection for the trial  

Fig. 2 Repeated measure analysis for comparison of the two treatments effects on negative 

subscale score of the Positive and Negative Syndrome Scale (PANSS). Values represent mean ± 

SEM (standard error of mean). P values show results of the independent sample t-test for 

comparison of score change from baseline between the two groups at each time point. NS: non-

significant. *p≤0.05; ***p≤0.001. 

Fig. 3 Repeated measure analysis for comparison of the two treatment effects on positive 

subscale score on the Positive and Negative Syndrome Scale (PANSS). Values represent mean ± 

SEM. P values show results of the independent sample t-test for comparison of score change 

from  baseline between the two groups at each time point. NS: non-significant. *p≤0.05; 

***p≤0.001.  

Fig. 4 Repeated measure analysis for comparison of the two treatments effects on general 

psychopathology subscale score on the Positive and Negative Syndrome Scale (PANSS). Values 

represent mean ± SEM. P values show the result of the independent sample t-test for comparison 

of the score change from baseline between the two groups at each time point. NS: non-

significant. *p≤0.05; ***p≤0.001.  

Fig. 5 Repeated measure analysis for comparison of the two treatment effects on total score on 

the Positive and Negative Syndrome Scale (PANSS). Values represent mean ± SEM. P values 

show the result of the independent sample t-test for comparison of the score change from 

baseline between the two groups at each time point. NS: non-significant. *p≤0.05; ***p≤0.001.  
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Table 1 Baseline patient characteristics.  

Item   Risperidone + L-Carnosine 

 (n = 30)  

Risperidone + Placebo 

 (n = 30)  

p value  

Male gender (%) 28 (93.3) 26 (86.7) 0.671
a
 

Age at illness onset, years (mean ± SD) 22.00 ± 7.76 24.93 ± 6.78 0.125 

Duration of illness, years (mean ± SD) 21.67 ± 11.35 21.03 ± 11.0 0.823 

Age, years (mean ± SD) 43.67 ± 8.78 45.97 ± 9.30 0.329 

Smoking, n (%) 19 (63.3) 14 (46.7) 0.194 

Risperidone dose (mean ± SD) 4.38 ± 0.46 4.40±0.40 0.858 

Educational status, n (%)    0.837 

 Illiterate  9 (30) 12 (40)  

 Primary school 6 (20) 6 (20)  

 Secondary school 9 (30) 8 (26.7)  

 Diploma  6 (20) 4 (13.3)  

History of prior antipsychotic 

medications, n (%) 

   

 Risperidone  18(60) 16(53.3) 0.60 

 haloperidol 6 (20.0) 6 (20) 1 

 Fluphenazine 5 (16.6) 6 (20) 0.74 

 Olanzapine  8 (26.6) 9 (30) 0.77 

Schizophrenia subtype, n (%)   0.100 
a
 

 Paranoid 27 (90) 26 (86.7)  

 Disorganized  2 (6.7) 2 (6.7)  

 Undifferentiated 1 (3.3) 2 (6.7)  

Baseline ESRS (mean ± SD) 1.57 ± 2.79  1.53 ± 2.11 0.959 

Baseline HDRS (mean ± SD) 8.50 ± 1.14 8.03 ± 0.93 0.087 

Baseline PANSS (mean ± SD)    

 Total score  47.0 ± 8.0 47.93 ± 7.12 0.634 

 Negative symptoms  18.70 ± 3.80 18.67 ± 3.59 0.972 

 Positive symptoms   9.03 ± 2.54 9.17 ± 2.0 0.822 

 General psychopathology  19.30 ± 4.50 20.10 ± 5.40 0.536 

PANSS positive and negative syndrome scale, ESRS extrapyramidal symptom rating scale, HDRS 

Hamilton depression rating scale, SD standard deviation 

a indicates the p value reported by the Fischer exact test 
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Table 2 Comparison of Positive and Negative Syndrome Scale (PANSS) total and subscales score 

changes from baseline between two groups 

Week  Risperidone + 

L-Carnosine  

(mean ± SD) 

Risperidone + 

Placebo 

(mean ± SD) 

Mean difference  

(95% CI) 

t (58) p value  Cohen’s d 

Total Score       

   Week 2 0.23 ± 0.73 0 0.23 (−0.03 to 0.50) 1.756
a
 0.090 0.44 

   Week 4 0.60 ± 1.13  0.27 ± 0.83 0.33 (−0.18 to 0.85) 1.302
b
 0.199 0.33 

   Week 6 1.90 ± 1.90 0.53 ± 0.97 1.37 (0.58 to 2.15) 3.506
c
 0.001 0.91 

   Week 8 2.97 ± 2.92 0.83 ± 1.29 2.13 (0.96 to 3.31) 3.663
d
 0.001 0.95 

Negative subscale score       

   Week 2 0.10 ± 0.55 0 0.10 (−0.10 to 0.30) 1.000
a
 0.326 0.26 

   Week 4 0.47 ± 1.10 0.27 ± 0.83 0.20 (−0.29 to 0.69) 0.808 0.423 0.20 

   Week 6 1.03 ± 1.63 0.33 ± 0.88 0.70 (0.02 to 1.38) 2.068
e
 0.044 0.53 

   Week 8 1.97 ± 2.34 0.50 ± 1.17 1.47 (0.50 to 2.43) 3.071
f
 0.004 0.79 

Positive subscale score        

   Week 2 0 0 n/a n/a n/a n/a 

   Week 4 0 0 n/a n/a n/a n/a 

   Week 6 0.33 ± 0.88 0.10 ± 0.40 0.23 (−0.12 to 0.59) 1.316
g
 0.196 0.34 

   Week 8 0.33 ± 0.88 0.17 ± 0.53 0.17 (−0.21 to 0.54) 0.885 0.380 0.22 

General psychopathology score       

   Week 2 0.13 ± 0.51 0 0.13 (−0.05 to 0.32) 1.439
a
 0.161 0.36 

   Week 4 0.13 ± 0.51 0 0.13 (−0.05 to 0.32) 1.439
a
 0.161 0.36 

   Week 6 0.57 ± 1.10 0.10 ± 0.30 0.47 (0.04 to 0.89) 2.231
h
 0.033 0.58 

   Week 8 0.63 ± 1.27 0.17 ± 0.53 0.47 (−0.04 to 0.97) 1.854
 i
 0.071 0.47 

SD standard deviation CI confidence interval  
a
 denotes the value of t (29), 

b
 denotes the value of t (53.101), 

c
 denotes the value of t (43.236), 

d
 denotes 

the value of t (39.897), 
e
 denotes the value of t (44.718), 

f
 denotes the value of t (42.574), 

g
 denotes the 

value of t (40.531), 
h
 denotes the value of t (33.402),

 i
 denotes the value of t (38.789)  
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Table 3 Frequency of adverse events in the study groups 

Adverse events 
L-Carnosine + Risperidone 

(n = 30) 

Placebo + Risperidone  

(n = 30) 
p value 

Headache, n (%) 1 (3.3%) 3 (6.6%) 0.6120
a
 

Dry Mouth, n (%) 2 (6.6%) 2 (6.6%) 1.000
a
 

Nausea, n (%) 1 (3.3%) 1 (3.3%) 1.000
a
 

Daytime Drowsiness, n (%) 1 (3.3%) 2 (6.6%) 1.000
a
 

Sweating, n (%) 1 (3.3%) 2 (6.6%) 1.000
a
 

a p value is reported using the Fischer exact test 

 

 

 

 

Highlights: 

 We assessed the safety and efficacy of L-carnosine as an adjuvant to risperidone for treatment of 

negative symptoms in patients with stable schizophrenia.  

 Patients who received L-carnosine showed significant improvement in negative subscale scores 

of the positive and negative syndrome scale (PANSS) over the course of eight weeks 

  Treatment with L-carnosine seems to be well tolerated with no serious adverse events.  

 

 




