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    The fifth volume of Frontiers in Clinical Drug Research – Diabetes and Obesity comprises five comprehensive chapters discussing novel approaches to combat diabetes and obesity.




    In the first chapter, Mandrioli et al, present the three most important classical neuroleptics (chlorpromazine, haloperidol and loxapine). The most important antipsychotics are individually analyzed in relation to their propensity to cause metabolic syndrome. In chapter 2 of the book, Sobrevia et al summarise some examples of the wide variety of protocols for insulin therapy and the potential consequences of this protocol on the foetoplacental unit and the neonate from women with Gestational diabetes mellitus (GDM).




    Growing evidence suggests that hyperglycemia results in increased reactive oxygen species (ROS) production, leading to oxidative stress which affects and damages various tissues and organs. Oxidative stress results from an imbalance between ROS and antioxidants. Houreld and Rajendran highlight the understanding of oxidative stress-related mechanisms underlying the development of diabetes. Their review also elaborates on antioxidant therapy strategies to diminish oxidative stress and to treat diabetic associated complications.




    Diabetes mellitus (DM) is a metabolic disorder which is the most alarming disease of the modern era. It occurs as a result of lack of insulin secretion or reduced insulin secretion or peripheral insulin resistance. In chapter 4, Anreddy et al. describe the issues concerned with the oral delivery of insulin and also discuss possible routes for the administration and use of Nanoparticles (NPs) for the best delivery of insulin.




    In the last chapter of the book, Sharma et al. give comprehensive details about the merits and demerits of a class of drugs called Sodium-glucose co-transporter-2 (SGLT-2) inhibitors.




    I owe special thanks to all the contributors for their valuable contributions in bringing together the fifth volume of this book series. I also thank the editorial staff of Bentham Science Publishers for their help and support.
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      Abstract




      Metabolic syndrome is a complex pathology characterized by imbalances in lipid and glucose metabolism and weight gain, and consequently by an increase in the incidence of type II diabetes and cardiovascular disease. Metabolic syndrome is rapidly becoming one of the most important side effects of treatment with modern “atypical” antipsychotic agents, probably due to their specific mechanisms of action. Although the most recent members of this class (aripiprazole, asenapine, ziprasidone) seem to produce a reduce incidence of metabolic syndrome, the problem is far from being resolved. In this chapter, the three most important classical neuroleptics (chlorpromazine, haloperidol and loxapine) and the most important atypical antipsychotics will be individually analyzed in relation to their propensity to cause metabolic syndrome. The most reliable, current data will be presented, also in the perspective of possible interventions to mitigate metabolic imbalances, comparative studies, switching studies and augmentation strategies. An important strategy for metabolic syndrome prevention could also be the performing of an accurate therapeutic drug monitoring (TDM). Thus, an up-to-date overview will also be presented of recent and significant analytical methods for the determination of the drugs of interest and their main metabolites in human biological fluids.
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      INTRODUCTION




      Psychiatric disorders are currently one of the main causes of disability and years lost to illness all over the world: According to recent World Health Organization (WHO) statistics, almost 30% of people have experienced a common mental disorder at some time during their lifetimes [1]. Psychiatric disorders often take a heavy toll on patients’ well-being also from a purely physical point of view. Since they often cannot take care of themselves optimally, comorbidity is very frequent, and naturally it increases with age. On top of all of this, one must remember that pharmacological therapy, albeit one of the most effective forms of treatment, is also in itself a potential source of iatrogenic effects. According to some studies, it is estimated that up to 74% of patients discontinue the medication before 18 months [2], and between 10 and 20% are forced to interrupt the pharmacologic treatment due to side or toxic effects [2, 3]. Two major factors contribute to exacerbate this situation: polypharmacy and lifelong chronic therapy. Psychiatric patients are often subjected to polypharmacy due to the inherent difficulty in controlling the disorder’s multifaceted symptoms, and also due to the relatively low rate of success of the therapy. It is estimated that between 20 and 60% of schizophrenic patients are currently treated with two or more drugs for their illness [4]. Since schizophrenia is a very complex, articulated syndrome, different drugs are usually able to control just a part, or some aspects of the overall symptoms; hence the need for polypharmacy. Of course, this situation becomes even more complicated and worrying for elderly patients, who are usually subjected to pharmacological therapies for other severe illnesses as well as for the psychiatric disorder. Regarding the therapy duration, psychiatric disorders are eminently chronic. What is worse, current treatments are not resolutive of the underlying problem, nor an etiologic agent is currently known. As a consequence, lifelong treatment with one or more drugs is relatively frequent [5]; periods of remission, followed by one or more relapses, are quite common as well [6]. Minimum therapy duration is measured in months or years, not in weeks.




      Many side effects of antipsychotic drugs are well known and readily taken care of during the treatment (e.g., extrapyramidal symptoms); however, a few are still kept in the background and not completely acknowledged or understood. Perhaps the most important of these latter effects is metabolic syndrome (MetSyn). MetSyn is a chronic multifactorial disease related to several conditions that have the common trait of increasing the probability of a cardiovascular event. The most important conditions involved in MetSyn are diabetes, central or visceral obesity, hypercholesterolemia, hypertriglyceridemia and hypertension. The red line that connects these conditions is a metabolism imbalance associated with an insulin resistance state and an activation of the sympathetic nervous system [7, 8]. Since cardiovascular events are the leading cause of death and disability in the world’s population, it is easily understood how MetSyn could well be one of the most important diseases to attract the attention of clinicians and researchers alike. Criteria for the differential diagnosis of MetSyn, both epidemiologically and in clinical practice, have been laid out in 1999 by the WHO [9], in 2001 by the American Medical Association (in the National Cholesterol Education Program – NCEP – III definitions) [10] and in 2006 by the International Diabetes Federation [11].




      A 2004 study based on prospective European cohort studies (more than 11,000 subjects) found a MetSyn prevalence of 15.7% for men and 14.2% for women [12]; since this study excluded diabetic patients, its results are probably underestimating the prevalence. Other papers underline that, due to the multiplicity of symptoms and measurement methods, it is very difficult to obtain reliable prevalence data and to compare different populations [13]. For example, in 2003 a discrepancy of 13% (13.6% vs. 26.6%) between the WHO and NCEP-III criteria was reported for the prevalence of MetSyn in Mexican subjects; even excluding diabetic patients, this discrepancy was largely maintained (9.2% vs. 21.4%, respectively). However, most studies agree that MetSyn prevalence increases with age: In the year 2000 in the USA, MetSyn prevalence ranged from 6.7% for patients aged 20-29 years to 42% for those aged more than 70 years. The age-adjusted prevalence was 23.7% [14].




      

        Metabolic Syndrome in Psychotic Patients




        Obviously, most patients suffering from schizophrenia are treated with some form of pharmacotherapy. As a consequence, it is difficult to separate the direct effect of the disorder on patients’ health from that of the medications. Anyway, recent studies on the prevalence of MetSyn in schizophrenic patients are really alarming. About 55% of 252 Dutch patients were found to meet IDF criteria for MetSyn [15]; in a 10-year retrospective study on 174 Malaysian patients, 36% developed metabolic syndrome, 23% were hypertensive and 28% were diabetic, but 100% of them had significantly increased weight, body mass index (BMI), fasting blood sugar and blood pressure [16]. These prevalence data are higher than those of the general population, and should be an important source of alarm for clinicians during the therapy. Nowadays, it is widely acknowledged that antipsychotic therapy can have important, negative effects on the onset of MetSyn.


      




      

        The Role of Therapeutic Drug Monitoring in Metabolic Syndrome Prevention and Treatment




        The frequency and severity of MetSyn can often be correlated with chemical-clinical parameters, in particular with the plasma levels of the antipsychotic medication or some of its metabolites. This positive correlation between plasma levels and MetSyn has been reported, in fact, for clozapine [17]; an inverse correlation has been observed for its major metabolite norclozapine [18]. A correlation between risperidone plasma levels and metabolic side effects has been also shown in children and adolescents [19]. During quetiapine treatment, the amount of weight gain has been found to increase with higher drug doses [20]; although not investigated in this study, plasma quetiapine levels are conceivably correlated to this finding. In nonsmoking patients, it has been found that plasma levels of the main olanzapine metabolite (N-desmethylolanzapine) are negatively correlated with blood glucose and insulin concentrations [21]. More recently, another study has concluded that the plasma concentration / dose (C/D) ratio of N-desmethylolanzapine correlates negatively with weight, BMI, waist circumference, and C-peptide level. Moreover, an olanzapine/N-desme-thylolanzapine plasma level ratio higher than 6 was positively correlated to MetSyn [22].




        All of these results are strong clues for the possibility that metabolic side effects during antipsychotic therapy are subject to chemical-clinical correlations (CCCs), i.e., relatively strict correlations between drug and metabolite plasma levels and therapeutic, side and toxic effects. For these reasons, therapeutic drug monitoring (TDM) can be advisable during antipsychotic therapy, and specifically in the case of atypical antipsychotics.




        According to the workgroup on TDM (Arbeitsgruppe “Therapeutisches Drug Monitoring”) of the German Arbeitsgemeinschaft für Neuropsychopharmakologie und Pharmakopsychiatrie (AGNP, Association for Neuro-Psychopharmacology and Pharmacopsychiatry), “TDM uses the quantification of drug concentrations in blood plasma to titrate the dose of individual patients so that a drug concentration associated with the highest possible probability of response and tolerability and a low risk of toxicity can be obtained. Moreover, TDM has the possible and widely unexploited potential to improve cost-effectiveness of psychopharmacotherapy” [23].




        In fact, the determination of drug (and metabolites) plasma levels gives the clinician “objective” tools for a better assessment of how the drug behaves within the individual patient's body. It is also useful in determining patient compliance, since it can point out to either missed drug doses (resulting in very low or absent drug in plasma) and drug overdoses (resulting in very high plasma levels) [24]. In this way, the pharmacological treatment efficacy can be assessed in each patient with both clinical and chemical means, reducing uncertainty and helping the clinician in tailoring the therapy to the need of the patient regarding dose, schedule and drug choice. This in turn can lead to lower incidence of side and toxic effects and lower hospitalization rates, and thus to better quality of life for patients and relatives, and lower total expenses for public health and health care services [25].




        One of the main tenets of an effective routine application of TDM is the existence and knowledge of CCCs [26, 27], also including the correlation between administered dose and plasma levels. However, some form of monitoring can also be experimental, using the routine determination of drug plasma levels with the aim of establishing CCCs in those cases when they are not certain or not known yet. TDM for the control of metabolic side effects would fall within this provision, since accepted relationships between plasma levels and MetSyn symptoms or parameters are still not known.




        For a considerable number of psychopharmacologic compounds, the quantitation of the medication plasma concentrations has become clinical routine for dose adjustment: evidence of the benefits of TDM has been produced for tricyclic antidepressants [28], (with dedicated analytical methods [29]), for more recent selective serotonin reuptake inhibitors (SSRIs) [27] and for other second-generation antidepressants [30]. Similarly, the practice is becoming ever more frequent for a number of mood stabilizing drugs [23, 31, 32] and, more slowly and not without resistance, for anxiolytics and hypnotics [33-35]. However, the therapeutic class that perhaps has the best perspectives in terms of TDM effectiveness is the antipsychotic agent class [36]; incidentally, they are probably the CNS drugs with the longest story of successful TDM application, apart from anti-seizure drugs.




        In fact, for some aspects antipsychotic drugs are ideal candidates for TDM: they are usually part of a chronic therapy, have a relatively high incidence of side effects and a relatively high discontinuation rate due to side/toxic effects; polypharmacy is frequent, with increased risks of drug interactions; interindividual variability of plasma levels is high; and finally, patients with schizophrenia are often wary of any pharmacological intervention and for this reason compliance is typically low [37].




        The suggested monitoring frequency for psychotropic medications is usually one sampling every 3-6 months [23], but this is not absolutely fixed. Practically, the monitoring interval should be established based on the expected drug/metabolite metabolism and pharmacokinetics (to be adjusted according to the patient's physiology), previous monitoring results and therapy efficacy or lack thereof. Other contingent or episodic factors can warrant more frequent or supplemental samplings and analyses: for example, suspected lack of compliance or overdose; recent therapeutic regimen (dose, drug) changes; side or toxic effect manifestations or other sudden changes in the patient's health conditions; concomitant pathologies, pharmacological treatments or changes in the diet or life style (e.g., smoking cessation). Blood sampling is usually carried out at the trough level, which is often in the morning, just before the first daily drug dose; in this way, measurements are more stable and reproducible. In the last few years, a trend can be seen toward the increasing use for TDM of alternative matrices (saliva, hair, nails, sweat) and of micromatrices – such as dried blood spots (DBS) [38], dried plasma spots (DPS), volumetric absorption microsampling (VAMS) – or miniaturized sample preparation procedures – such as microextraction by packed sorbent (MEPS), disposable pipette extraction (DPX), solid phase microextraction (SPME) [39, 40]. While currently these approaches have only found niche applications, their undeniable advantages in terms of low invasiveness, speed, ease of storage and analyte stability will probably bring them to the forefront of TDM in the next years.




        Of course, TDM is not, and is not claimed to be, the “definitive weapon” in the psychiatrist's arsenal. It should be noted that TDM, compared to traditional no-monitoring therapy, surely represents an additional upfront expense for health care services or for patients. However, due to the low sampling frequency, even expensive analyses represent a very limited cost increase over the personnel and drug purchase costs; a cost increase that is more than compensated by the corresponding decrease in expenses for side and toxic effect treatment and for supplemental hospitalizations.


      


    




    

      Classical Neuroleptics and Metabolic Syndrome




      Classical (first-generation) neuroleptics such as phenothiazines, butyrophenones and thioxanthenes are not considered prone to cause weight gain, insulin resistance and in general MetSyn. In some cases, switching from a second-generation antipsychotic to a first-generation one can even be considered a good strategy to counter the severe effects of MetSyn. However, several differences exist within this class, and each drug should be evaluated on its own merits in relation to MetSyn. In any case, due to their favorable metabolic profile, it is generally acknowledged that there is no need to carry out a TDM schedule to prevent or minimize this kind of side effects. Thus, no analytical methods are described for these drugs.




      

        Chlorpromazine




        Although it is well known that chlorpromazine can cause weight gain and metabolic abnormalities, studies on its metabolic effects are not numerous and relatively old [41, 42]. A 2005 study on sexual disturbances in male humans found increased levels of blood glucose, LDL and apolipoprotein B [43] in patients treated with chlorpromazine. However, only 17 patients were treated with this drug in the study. A study on Wistar rats has suggested that chlorpromazine could contribute to inducing metabolic syndrome by acting on blood glucose levels and insulin resistance [44]. This activity, in turn, would be due to the drug’s induction of adipocytokines, in particular adiponectin, whose levels were elevated in rats treated with chlorpromazine.


      




      

        Haloperidol




        Studies regarding haloperidol have been published even recently. A quite large, open-label study on 300 out-patients with a long history of schizophrenia established that no difference in the metabolic syndrome rate existed between patients treated with haloperidol, olanzapine and aripiprazole [45]. Overall, rates of metabolic syndrome onset were quite high for all tested drugs, reaching 37% in the haloperidol group. Conversely, a study on psychotic patients experiencing acute relapse found no influence by haloperidol on body weight, or on glucose, triglyceride and total cholesterol levels, after 6 weeks of treatment and also when compared to placebo [46]. However, this study failed to separate haloperidol (which was included for sensitivity) from placebo in most indices, resulting in a failed study. Emsley et al. [47] have found elevated levels of glycated hemoglobin (HbA1c) in patients treated with haloperidol, although no impairment in glucose tolerance was found in another study [48] after 8 weeks of treatment.




        Other studies found that switching from haloperidol to ziprasidone can cause an increase in body weight [49].




        A study on rats has found contrasting evidence on haloperidol effects on parameters related to MetSyn: in this study, rats treated with haloperidol experienced significant weight loss, as well as no significant effects on percentage of fat tissue and adiponectin, leptin, ghrelin, fasting glucose and insulin levels. HbA1c even decreased in female rats, while cholesterol decreased in male rats [50].


      




      

        Loxapine




        Just one study has been carried out on loxapine in the context of MetSyn [51], but its results seem to be encouraging. In fact, loxapine addition was tested in 15 patients with autism spectrum disorder (ASD) who were experiencing weight gain due to antipsychotic treatment. All of them were receiving atypical antipsychotics (risperidone, aripiprazole, quetiapine, olanzapine, ziprasidone), except one who was being treated with chlorpromazine. After loxapine addition, the previous antipsychotic was tapered or discontinued, and the patients experienced body weight loss, reduced body mass index (BMI) and decreased blood triglycerides.


      


    




    

      Atypical Antipsychotics and Metabolic Syndrome




      Differently from classical neuroleptics, atypical (or second-generation) antipsychotics include MetSyn among their most important side effects, one that can often lead to therapy discontinuation. This fact is often correlated to the different receptor affinity profile of atypical antipsychotics, which interact with both dopaminergic (D) and serotonergic (5-HT) receptors, whereas classical neuroleptics act exclusively at D receptors. Since 5-HT receptor activity is clearly related to weight gain and other metabolic imbalances, its further connection to MetSyn is easily understandable.




      

        Amisulpride




        Although amisulpride (4-amino-N-[[(1-ethylpyrrolidin-2-yl]methyl]-5-ethyl -sulfonyl-2-methoxybenzamide, Fig. 1) is usually considered an atypical antipsychotic, its receptor binding profile is quite different from that of other atypical antipsychotics. In fact, it lacks affinity toward 5-HT receptors, which are usually considered the main receptors involved in weight gain and other manifestations of MetSyn. As a consequence, amisulpride is associated with a low risk of metabolic syndrome [52].




        The risk of weight gain was evaluated as lower than that of risperidone in a comparative study [53] and in a six-month double-blind study [54]. An eight-week study [55] and a six-month study [56], both double-blind, established that the level of weight gain is higher for olanzapine than for amisulpride. A meta-analysis of randomized double-blind studies also concluded that the pharmacological profile of amisulpride is favorable regarding metabolic syndrome [57].




        
[image: ]


Fig. (1))


        Conventional chemical structure and 3D-spacefill structure of amisulpride.



        However, recently a few reports have begun to surface of patients who experienced body weight gain [58], possibly associated with hypertriglyceridemia, lowered HDL, and hyperprolactinemia [59]. In a 12-week comparative study between amisulpride and ziprasidone on negative symptoms of schizophrenia [60], the former caused a larger rate of significant body weight increase (18% vs. 9%) and a similar rate of weight decrease (5% vs. 7%) in comparison to the latter.




        

          Analytical Methods Suitable for TDM




          Some methods have been published on amisulpride analysis in biological fluids: most of them regard the simultaneous determination of several drugs [61-63], usually for screening, toxicological and forensic purposes. Two recent multianalyte methods that include amisulpride have been published, one based on liquid chromatography with tandem mass detection (LC-MS/MS, with QTrap detection) and one based on microflow liquid chromatography (MFLC) - MS/MS with TQ detection; both have similar performances [64].




          Some high-performance liquid chromatographic (HPLC) methods are also available, with ultraviolet (UV) [65-68], fluorescence (FL) [69] or MS/MS [70, 71] detection, for the determination of amisulpride alone (or with other benzamides) in biological fluids. Recently, an online solid phase extraction (SPE) - HPLC - photodiode array (PDA) detection method has been published, which uses a restricted access material (RAM) column to efficiently separate amisulpride from plasma macromolecules [72].




          An SPE - gaschromatography (GC) - MS [73] and a voltammetric method [74] are available as well. The enantioselective analysis of amisulpride has been also carried out, by an HPLC method with combined UV and FL detection [75].


        


      




      

        Aripiprazole




        Aripiprazole (7-[4-[4-(2,3-dichlorophenyl)piperazin-1-yl]butoxy]-3,4-dihydro- 1H-quinolin-2-one, Fig. 2) is currently considered one of the atypical antipsychotics with the least pronounced tendency to cause MetSyn. The prevalence of MetSyn in patients who were initially stabilized with open-label aripiprazole for up to 18 weeks and then randomized to aripiprazole versus placebo for a maintenance phase of 26 weeks showed an initial increase, followed by a tendency to normalization [76]. In fact, patients remaining on aripiprazole for up to 26 weeks during the maintenance phase had a prevalence of MetSyn, and of any of its individual components, not significantly different from placebo [77]. In the treatment of schizoaffective disorder, there were no statistically significant differences at the 4-week endpoint between aripiprazole and placebo in the mean change in weight, glucose, or total cholesterol of 179 patients [78]. Nonetheless, it has been reported that weight gain is among the most frequent side effects in children and adolescents treated with aripiprazole for non-psychotic disorders (but not in those treated for psychotic disorders) [79]. Weight gain was one of the most significant side effects (44% frequency) also for young patients who were treated with the drug for first-episode schizophrenia in a 1-year, open-label, naturalistic outcome study [80]. In pediatric patients, weight gain with aripiprazole were more frequent if the patients were antipsychotic-naïve, younger and already overweight at baseline; overall, no differences in metabolic measures were observed in comparison to placebo [81]. No significant differences in body weight changes between aripiprazole and placebo were also observed in a classic 6-week, randomized, double-blind, placebo-controlled study [82]. Likewise, no significant differences in weight gain between placebo and aripiprazole were found in another classic study on patients with rapid-cycling bipolar disorder [83].




        
[image: ]


Fig. (2))


        Conventional chemical structure and 3D-spacefill structure of aripiprazole.



        Children and adolescents with Tourette’s disorder experienced significant increases in body weight, BMI and waist circumference during aripiprazole treatment, as compared to placebo [84]; comparison with pimozide showed that aripiprazole significantly increased cholesterolemia, while pimozide significantly increased glycemia [85].




        

          Comparative Studies




          A meta-analysis of randomized, controlled trials in Japanese patients has concluded that the metabolic profile of aripiprazole is more favorable than that of pooled antipsychotics, with advantages in terms of weight and total cholesterol and triglyceride levels [86]. The double-blind, randomized tolerability and efficacy study comparing quetiapine extended-release (ER) to aripiprazole in 113 children and adolescents with first-episode psychosis has confirmed that aripiprazole causes less metabolic effects than quetiapine [87]. A 1-year, randomized trial on 300 outpatients found no difference in MetSyn rates between olanzapine and aripiprazole [45]. However, a pooled analysis of three randomized clinical trials observed a significantly lower risk of developing MetSyn with aripiprazole compared with olanzapine for schizophrenic and bipolar patients after 1 year of therapy [88]. Both the rate and incidence of MetSyn were lower for aripiprazole than for olanzapine in a meta-analysis of four double-blind, randomized, controlled clinical trials [89]. In a classic randomized, double-blind study, statistically significant differences in weight change were observed between olanzapine and aripiprazole from week 1 to the endpoint (week 26). Fasting plasma levels of total cholesterol, HDL, and triglycerides were also significantly worse among patients treated with olanzapine [90].




          Ethnicity can also play a role in the onset of MetSyn during antipsychotic treatment. In a post-hoc analysis of data from a 26-week, double-blind, randomized trial of aripiprazole and olanzapine, olanzapine significantly worsened all metabolic parameters except HDL and fasting glucose in Caucasian subjects. This was significantly different from aripiprazole for every outcome except fasting glucose. In the black/Hispanic cohort, olanzapine treatment resulted in adverse metabolic outcomes, and these changes were significantly different from aripiprazole for adiposity, total cholesterol, and non-HDL cholesterol. Aripiprazole significantly decreased the odds of endpoint MetSyn compared with olanzapine for all subjects and for the Caucasian cohort, but not for the black/Hispanic cohort. Within the aripiprazole group, Caucasian subjects had significantly lower risk for MetSyn, but there was no significant difference in subjects exposed to olanzapine.




          Comparison with risperidone in a meta-analysis on autistic children found no difference in terms of weight gain [91]. A 52-week, follow-up, comparative study on the efficacy and tolerability of paliperidone (extended release), aripiprazole and ziprasidone on 203 patients with first-episode schizophrenia has found that efficacy and metabolic disruption are approximately inversely proportional, with paliperidone having the highest efficacy and the highest propensity to impair lipid metabolism (but not glucose metabolism), and aripiprazole having negative effects on glucose metabolism, body weight and BMI; however, it significantly decreased triglyceride levels [92]. A comparison of aripiprazole, olanzapine and risperidone in Korean patients with schizophrenia showed that the patients taking aripiprazole had a significantly lower risk of developing MetSyn. However, logistic regression identified just age and gender, and not the type of antipsychotic, as significantly correlated to MetSyn [93].




          In the treatment of bipolar disorder, changes observed in metabolic parameters were comparably modest and similar in patients treated for up to 1 year with either lithium or aripiprazole [94].


        




        

          Switching Studies




          In 62 psychotic patients, switching from olanzapine to aripiprazole led to continuous improvements in waist circumference, blood pressure, triglyceride levels, blood glucose, and HDL. At the end of the 24-week, randomized, open-label study, 100% of the patients taking olanzapine met the criteria for MetSyn, as compared to 42.8% for those taking aripiprazole [95]. Switching from olanzapine, quetiapine or risperidone to aripiprazole seems to reduce coronary heart disease risk, but without any significant statistical difference in MetSyn prevalence or severity [96]. In a case series, some authors have observed that switching to aripiprazole from other antipsychotics after recent onset of MetSyn or type 2 diabetes can revert these pathologies to normality: all 7 cases of diabetes, and 50% of MetSyn cases, were reversed at 3 months follow-up. Moreover, there was a significant decrease in body weight, BMI, waist circumference, fasting glucose, fasting insulin, insulin resistance index, and serum lipid levels [97]. However, another study on 15 patients found that switching to aripiprazole did not alter weight or metabolic outcomes (fasting glucose, insulin resistance, and lipid concentrations) in a patient cohort who were 73% insulin resistant and 47% diabetic glucose tolerant at baseline [98].




          In an 8-week, open, flexible-dose, trial on thirty-three schizophrenia patients who switched from other antipsychotics to aripiprazole, significant decreases in weight, waist circumference, LDL, glycemia and triglycerides were observed when switching from olanzapine. Decreases in the same parameters were not significant when switching from other antipsychotics [99]. In other studies still, switching from olanzapine produced a decrease of body weight and fasting triglyceride levels [100].




          On the contrary, switching from aripiprazole to ziprasidone significantly decreased body weight, waist and hip circumferences and fasting blood glucose in a 12-week, open-label study on 19 patients [101].


        




        

          Augmentation Strategies




          A meta-analysis of 55 randomized, controlled, blind and non-blind trials has observed that adjunct aripiprazole is better than both placebo and open antipsychotic treatment for body weight and BMI [102]. In an 8-week open-label trial, aripiprazole augmentation seemed to bring about significant metabolic advantages for olanzapine-treated patients, but not for those treated with amisulpride, quetiapine or risperidone [103]. Augmenting risperidone with aripiprazole has produced lower LDL levels and stopped the weight gain associated with risperidone treatment in an 8-week, randomized, open-label trial on 130 patients [104]. Augmentation of clozapine with aripiprazole does not seem to provide remarkable benefits for MetSyn, although some body weight and plasma LDL reductions have been observed [105, 106]. However, aripiprazole augmentation could lower diastolic blood pressure [107].


        




        

          Analytical Methods Suitable for TDM




          From an analytical point of view, aripiprazole is one of the most intensely studied atypical antipsychotics in recent years. A few methods describe the analysis of aripiprazole (without any metabolite) in human plasma or serum [61, 108-113]. The analysis is mainly carried out by means of HPLC-UV [108], LC-MS/MS [61, 109-111, 113], UHPLC-MS/MS [112]. The sample pre-treatment can be based on liquid-liquid extraction (LLE) [109-111], plasma protein precipitation (PPP) [61] or SPE [112, 113]; one paper reports the use of a column switching system [108]. A single luminescence method is available [114], which is based on the fact that the weak chemiluminescence produced by the reaction of tris(1,10-phenanthroline)-Ru(II) with acidic Ce(IV) is enhanced in the presence of aripiprazole. In this case, plasma samples were subjected to PPP before analysis, which was carried out by the standard addition method.




          Other methods also include one or more metabolites: dehydroaripiprazole [115-120], dehydroaripiprazole, 1-(2,3-dichlorophenyl)piperazine and 3,4-dihydro-7-(3′-carboxy)propoxy -2(1H)quinolinone [121]. These methods are based on LC-MS/MS [115, 116, 118, 119, 121], GC-MS [117] or HPLC-UV [120] after 96-well microelution plate SPE [118], SPE [117], LLE [116, 120] or PPP [115, 119, 121].




          Recently, an LC-MS/MS (ESI-TQ) method has been published for the determination of the prodrug aripiprazole lauroxil and three of its main metabolites, which of course include aripiprazole as well as N-hydroxymethylaripiprazole and dehydroaripiprazole. SPE was used as the pre-treatment procedure for all analytes except N-hydroxymethylaripiprazole, for whom PPP was used [122].


        


      




      

        Asenapine




        Despite its intense affinity towards 5-HT receptors, and in particular 5-HT7 ones, asenapine (5-chloro-2,3,3a,12b-tetrahydro-2-methyl-1H-dibenz(2,3-6,7)oxepino-(4,5-c)pyrrole, Fig. 3) is currently considered one of the atypical antipsychotics with the least chance to produce MetSyn [123, 124]. Comparative studies versus risperidone [125] and versus olanzapine [126] in schizophrenia have found a significantly lower tendency of asenapine to cause weight gain, and lower mean weight gains (1.6 kg vs. 0.47 kg for risperidone, 5.5. kg vs. 1.6 kg for olanzapine); asenapine treatment was associated to slight decreases in triglycerides and cholesterol as well, while olanzapine was associated with increases in both parameters [126]. Comparative trials versus olanzapine in acute mania have reported similar results [127, 128], but with an increased tendency of asenapine to cause elevated glycemia.




        Asenapine has even been used, at least episodically, to revert the weight gain caused by olanzapine therapy [129]; this use finds its rationale in systematic reviews and meta-analyses, both comparative [130, 131] and non-comparative [132, 133] ones.




        
[image: ]


Fig. (3))


        Conventional chemical structure and 3D-spacefill structure of asenapine.



        However, not all reports are equally optimistic regarding asenapine benign role in MetSyn: a 50-week open-label study on pediatric patients has reported that the incidence of clinically significant (>7%) weight gain during asenapine treatment can reach almost 35% [134]. Non-comparative trials have also found that asenapine has a higher rate of weight gain when compared to placebo (3.7% vs. 0.5% [135]).




        

          Analytical Methods Suitable for TDM




          A few methods are available for the analysis of asenapine in human biological fluids for TDM purposes. Two methods based on LC-MS/MS have been published [136, 137], both developed by the drug manufacturer to quantify asenapine and its main metabolites in blood [136] or urine [137] during the clinical trials. The two methods are very similar, but use two different sample pre-treatment procedures for plasma: automated SPE in 96-well plates for most metabolites and automated online SPE for the glucuronide. In urine, a single sample pre-treatment procedure based on automated online SPE was used. Two multi-analyte LC-MS/MS methods also include asenapine among their analytes, but without any metabolite [138, 139]. Another LC-MS/MS method includes two inactive asenapine metabolites, as well as the parent drug [140].




          A paper has been published, describing a GC-MS method for the analysis of asenapine (no metabolites) in different biological tissues for forensic purposes [141], after liquid-liquid extraction and without prior derivatization. The lack of metabolite inclusion and the relatively low sensitivity make this method less than ideal for TDM purposes and more suitable for toxicological analyses. In the last few years, applications to alternative biological matrices have started to appear: for example, serum, urine and cerebrospinal fluid using ultrahigh performance liquid chromatography (UHPLC) - PDA [142], or hair and nails using HPLC-UV [143]. Although not immediately applicable to TDM, the use of these alternative matrices can be preliminary steps towards future, possible innovative practices for less invasive and more attractive sampling procedures.




          Finally, a novel method for the enantioseparation and analysis of asenapine enantiomers in innovative micromatrices (DBS, DPS, blood VAMS, plasma VAMS) has been published [144]. The numerous advantages of micromatrices in comparison to classical blood/plasma/serum samples [40, 145], as well as its application to chiral analysis, make this method particularly promising for TDM purposes.


        


      




      

        Clozapine




        Clozapine (3-chloro-6-(4-methylpiperazin-1-yl)-5H-benzo[b] [1, 4] benzodia-zepine, Fig. (4)) is commonly regarded as the first atypical antipsychotic (it has been introduced onto the market in 1972). As such, it is probably the most well-known and most studied member of this class. Its tendency to cause metabolic effects is equally well-documented, to the point that some authors have recently proposed to begin metformin treatment simultaneously with clozapine treatment to reduce glucose level and body weight increases (project CoMET [146]). Other authors have also observed that some metabolic dysfunctions, and namely weight gain and hypertriglyceridemia, are strictly predictive of clinical response to clozapine; they have hypothesized that the very mechanism of action of clozapine could be linked to serum lipid changes [147]. As a result, it is nearly impossible (and largely useless) to discuss all papers published on the subject. In this discussion, only the most recent, important data will be provided, on studies regarding MetSyn during clozapine therapy.
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Fig. (4))


        Conventional chemical structure and 3D-spacefill structure of clozapine.



        An 8-year retrospective cohort study on 189 Asian patients taking clozapine has found a prevalence of MetSyn of 28.4%; BMI and its changes during the treatment were predictive of MetSyn onset, but hyperglycemia was correlated to treatment duration [148]. Previous studies have shown even higher prevalence values for MetSyn during clozapine treatment: more than 52% [149], 46% in adolescents after 6 months [150], 54% in American outpatients [151], 62% in Australian outpatients [152], and even up to 64% in a small longitudinal, archival, follow-forward study [153].




        Regarding specifically type-2 diabetes, a prospective study on 20 patients has shown that clozapine impairs glucose control, but without increasing insulin resistance and independently from BMI increases [154].




        Interestingly, it has been proposed that the metabolic side effects of clozapine could be at least in part determined by specific genetic characteristics [17, 18], opening the way for advanced therapy personalization to avoid them. In the last few years, this appears to be the most productive research trend regarding clozapine and MetSyn. However, until now results seem to be still inconclusive [155].




        

          Management of Metabolic Syndrome and Other Metabolic Impairments




          Many different solutions have been proposed to the problem of metabolic side effects caused by clozapine. Among them, one can cite combined treatment with fluvoxamine. A 12-week, randomized, double-blind, placebo-controlled study on 85 patients estimated that the combined treatment significantly attenuated the increments in body weight, insulin resistance, and levels of insulin, glucose, and triglycerides compared with clozapine monotherapy [156], without any significant decrease in therapy efficacy. However, more studies are warranted to reach significant conclusions [157].




          A meta-analysis has reported that metformin, aripiprazole, and orlistat (in men) are effective therapies [158]. Metformin in particular has been the subject of intense study: As confirmed by another meta-analysis [159], it specifically reduces BMI, waist circumference and weight [160] but has no effects on blood glucose, triglyceride levels, or HDL levels. Some studies have observed some positive effects of metformin on glucose, triglycerides and HDL as well [161, 162].




          Therapy with rosiglitazone, topiramate, sibutramine, phenylpropanolamine, modafinil, or atomoxetine produced no significant effect in a meta-analysis, while combined calorie restriction and exercise had limited effects and only in an in-patient setting [158]. At least one study, however, reports some success with rosiglitazone [163].


        




        

          Comparative Studies




          Ziprasidone has a lower tendency to cause MetSyn than clozapine [164]. In a cross-sectional, observational study, clozapine and olanzapine had statistically indistinguishable prevalence of MetSyn (means: 46% for clozapine vs. 53% for olanzapine) [165]. In a 6-month, randomized, double-blind, parallel-group trial comparing clozapine to high-dose olanzapine, however, the weight gain was significantly greater for olanzapine [166].


        




        

          Augmentation Strategies




          Augmentation with aripiprazole seems to have limited advantages for MetSyn, in that it can reduce body weight and LDL levels but not glucose and triglyceride levels, and does not increase HDL levels [105]. Moreover, it can exacerbate agitation, akathisia and anxiety [105, 106]. According to another study, aripiprazole can also have beneficial effects on direct cardiovascular parameters such as diastolic blood pressure [107]. Augmentation with aripiprazole while tapering out clozapine to a low dose (50 mg/day) has proven to be useful for metabolic parameters in a single case study [167]. Augmentation with sertindole does not seem to impact metabolic parameters [168]. Augmentation with risperidone could slightly worsen metabolic parameters (mainly blood glucose levels) [169].




          In a 1-year study on bipolar disorder, augmenting lithium, valproate or lamotrigine with aripiprazole did not bring about any increase in MetSyn rates, nor in any individual MetSyn parameter [170].


        




        

          Analytical Methods Suitable for TDM




          Several papers on the analysis of clozapine alone or with one or more of its metabolites in human plasma or serum can be found in the literature.




          Some older papers report the use of GC [171, 172] methods, sometimes coupled with MS [173]. More recently, several papers have used HPLC-UV [174-188] or PDA [189] detection, and other HPLC-ED [190-193]. Most methods use acidic mobile phases [180, 182, 184, 185] and a detection wavelength of 230, 240, 254 or 261 nm, while the oxidation potential for amperometric electrochemical detection is 0.7 or 0.8 Volts. The sample pretreatment often consists of LLE [175, 177, 178, 181-185, 190, 191] or SPE [181-183] procedures. Completely automated analysis with on-line SPE has also been described [174].




          A very fast method for the analysis of clozapine and N-desmethylclozapine by means of capillary electrophoresis (CZE) has been developed [194] and seems to be promising for the clinical monitoring of patients.




          More recently, methods using LC-MS/MS have become more common [195-197] and surely provide outstanding performance, at the cost of more expensive analyses. An automated method using extraction plate technology for sample pre-treatment and flow-injection MS/MS, without HPLC separation, is also available [198]. A novel approach has been developed, based on isotopic internal calibration, for LC-MS/MS methods [199].
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