9. Sarter M: Neuronal mechanisms of the attentional dysfunc-
tions in senile dementia and schizophrenia: two sides of the
same coin? Psychopharmacology 1994; 114:539-550

10. Sarter M, Martinez V, Kozak R: A neurocognitive animal model
dissociating between acute illness and remission periods of
schizophrenia. Psychopharmacology 2008; July 10 [Epub
ahead of print]

11. Volpicelli LA, Levey Al: Muscarinic acetylcholine receptor sub-
types in cerebral cortex and hippocampus. Prog Brain Res
2004; 145:59-66

12. Robbins TW: Synthesizing schizophrenia: a bottom-up, symp-
tomatic approach. Schizophr Bull 2005; 31:854-864

JEFFREY A. LIEBERMAN, M.D.
JONATHAN A. JAVITCH, M.D., PH.D.
HOLLY MOORE, PH.D.

New York, N.Y.

The authors’ disclosures accompany the original editorial.

This letter (doi: 10.1176/appi.ajp.2008.08091352r) was ac-
cepted for publication in October 2008.

Drs. Shekhar, McKinzie, and Felder Reply

To THE EDITOR: Dr. Pomara suggests that the clinical efficacy
of xanomeline treatment for improving cognitive deficits in
schizophrenia patients in our study (1) may not have been a
result of sustained M; receptor agonist properties, as hypo-
thesized by Dr. Lieberman et al. (2), but rather a result of
chronic agonist-induced desensitization and downregulation
of cortical M receptors. Although M; receptor desensitiza-
tion contributing to the clinical efficacy of xanomeline is cer-
tainly possible, which is supported by some of the evidence
cited by Dr. Pomara, such a hypothesis is difficult to test di-
rectly. On the other hand, it is equally possible that direct ag-
onist effects of xanomeline may contribute to cognitive bene-
fits for the following reasons.

First, the postmortem studies by Crook et al. (3) measured
3H-pirenzapine binding, a ligand that is not a highly selective
M; receptor antagonist and does not distinguish high versus
low affinity states of the M; receptor. Second, muscarinic M;
receptors appear to have a high receptor reserve requiring only
a 15% occupancy to attain full signal transduction, suggesting
that a significant decline in receptor number can possibly oc-
cur without causing functional consequences (4). Thus, the
conclusion by Crook et al. that reductions in M; receptor den-
sity in limbic regions were a result of hypercholinergic state has
not been directly tested and remains speculative.

Interestingly, preclinical testing of another M4 receptor ag-
onist, BUTAC, demonstrated that it possesses antipsychotic-
like properties similar to xanomeline. However, unlike xa-
nomeline, BUTAC is an antagonist at the M; receptor and does
not exhibit efficacy in spatial learning in rats. This may sup-
port the hypothesis that the cognitive benefits of xanomeline
may well be the result of its agonist properties at the M re-
ceptor. Unfortunately, utilizing direct orthosteric agonists of
receptors, it is difficult to conclude whether the effects of
chronic administration of the drug are a result of continued
agonism or desensitization of its receptors. Recently pub-
lished data using muscarinic receptor potentiators further
support a role for M; and/or My positive modulation, rather
than antagonism, as the primary mechanism driving antipsy-
chotic efficacy (5, 6). With positive modulators, M; and My re-
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ceptors would be less sensitive to downregulation as a result
of the allosteric mechanism of action. Indeed, positive allos-
teric modulation would be less prone to desensitization and
would preserve spatial and temporal regulation of M; recep-
tor activation (4). Therefore, based on the high receptor re-
serve for the M, receptor, and most likely for M4 receptor, and
evidence based on recent M; and My selective positive
allosteric modulators, it is unlikely that orthosteric agonist-
mediated desensitization is the sole explanation for muscar-
inic-based mechanisms of antipsychotic therapeutics.

References

1. Shekhar A, Potter WZ, Lightfoot J, Lienemann J, Dubé S, Mallinck-
rodt C, Bymaster FP, McKinzie DL, Felder CC: Selective muscar-
inic receptor agonist xanomeline as a novel treatment approach
for schizophrenia. Am J Psychiatry 2008; 165:1033-1039

2. Lieberman JA, Javitch JA, Moore H: Cholinergic agonists as novel
treatments for schizophrenia: the promise of rational drug de-
velopment for psychiatry. Am | Psychiatry 2008; 165:931-936

3. Crook JM, Tomaskovic-Crook E, Copolov DL, Dean B: Low mus-
carinic receptor binding in prefrontal cortex from subjects with
schizophrenia: a study of Brodmann’s areas 8, 9, 10, and 46
and the effects of neuroleptic drug treatment. Am J Psychiatry
2001; 158:918-925

4. May LT, Leach K, Sexton PM, Christopoulos A: Allosteric modu-
lation of G protein-coupled receptors. Annu Rev Pharmacol
Toxicol 2007; 47:1-51

5. Chan WY, McKinzie DL, Bose S, Mitchell SN, Witkin JM, Thomp-
son RC, Christopoulos A, Lazareno S, Birdsall NJ, Bymaster FP,
Felder CC: Allosteric modulation of the muscarinic M4 receptor
as an approach to treating schizophrenia. Proc Natl Acad Sci U
S A 2008; 105:10978-10983

6. Jones CK, Brady AE, Davis AA, Xiang Z, Bubser M, Tantawy MN,
Kane AS, Bridges TM, Kennedy JP, Bradley SR, Peterson TE, An-
sari MS, Baldwin RM, Kessler RM, Deutch AY, Lah ], Levey Al,
Lindsley CW, Conn PJ: Novel selective allosteric activator of the
M1 muscarinic acetylcholine receptor regulates amyloid pro-
cessing and produces antipsychotic-like activity in rats. ] Neu-
rosci 2008; 28:10422-10433

ANANTHA SHEKHAR, M.D., PH.D.
DAVID L. McKINZIE, PH.D.

CHRISTIAN C. FELDER, PH.D.
Indianapolis, Ind.

The authors’ disclosures accompany the original article.

This letter (doi: 10.1176/appi.ajp.2008.08091352r1) was ac-
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Risperidone-Associated Increase in Triglyceride
Levels

To THE EDITOR: Second-generation antipsychotics are fre-
quently associated with metabolic adverse effects, such as
weight gain and elevations of triglyceride or total cholesterol
levels (3). Although minor changes in lipid levels have previ-
ously been reported during risperidone treatment (2), we ob-
served the following case of pronounced risperidone-induced
hypertriglyceridemia.

“Mr. A” was a 27-year-old man who suffered from DSM-
IV paranoid schizophrenia for 9 years and had been previ-
ously treated with perazine and flupentixole. Upon his
hospitalization, the patient presented with normal triglyc-
eride (97 mg/dl) and total cholesterol (121 mg/dl) levels
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(body weight: 98 kg; body mass index: 30.25 kg/m’). His ex-
acerbated psychotic syndrome remitted after risperidone
was increased to 8 mg per day (serum level: 6.4 ug/L). His
scores on the Positive and Negative Syndrome Scale
(PANSS) were as follows: positive subscale, 9; negative sub-
scale, 11; and global psychopathology subscale, 19. After
12 weeks, we observed an exceptional increase in his tri-
glyceride levels, up to 627 mg/dl, and a marked rise in his
total cholesterol levels, up to 249 mg/dl. Mr. A’s uric acid
level was slightly elevated, at 8.1 mg/dl. His fasting serum
leptin was 14 ug/L, and his insulin level was 11 mU/L. His
C-peptide level was 0.78 nmol/L, and his HbA1c level was
5.4%, both of which were normal. The patient’s body
weight increased to 112 kg (body mass index: 34.57 kg/m’).
After switching to aripiprazole, 45 mg per day, he experi-
enced no change in body weight. However, significantly
lower triglyceride and total cholesterol levels were ob-
served during the subsequent 8 weeks (triglyceride level:
263 mg/dl; total cholesterol level: 104 mg/dl). Unfortu-
nately, the patient’s symptoms worsened, with a PANSS
global psychopathology subscale score of 60, a positive
subscale score of 29, and negative subscale score of 39.

After intensive consultation, Mr. A agreed to the reintro-
duction of risperidone, 8 mg/day, and his psychosis remit-
ted (PANSS scores: positive subscale=10; negative subscale=
8; global subscale=18), but his lipid levels re-increased (trig-
lyceride level: 512 mg/dl; total cholesterol level: 278 mg/
dl), with his body weight at 114 kg and a body mass index
of 35.18 kg/m’. Consequently, we suggested adding bezafi-
brate, a fibrate drug for reducing hyperlipidemia.

Although other studies have described risperidone-in-
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Extreme Elevation of Creatinine Phosphokinase
Levels in Neuroleptic Malignant Syndrome
Associated With Atypical Antipsychotics

To THE EpITOR: Neuroleptic malignant syndrome may de-
velop subsequent to treatment with typical or atypical anti-
psychotics (1). An elevated level of creatinine phosphokinase
is not required for a DSM-IV diagnosis of neuroleptic malig-
nant syndrome, but it is common. During the past 5 years, cre-
atinine phosphokinase has typically been reported at levels
between 1,000 U/1 and 10,000 U/] in cases of neuroleptic ma-
lignant syndrome (2, 3). A creatinine phosphokinase level of
800,000 U/]1 was reported for a patient who was being treated
with a conventional antipsychotic (3). We report a case involv-
ing the use of the atypical antipsychotic clozapine and a crea-
tinine phosphokinase level that exceeded 390,000 U/1.

duced increases in triglycerides levels of 20% (2), our patient
experienced an elevation of 600%. We were unable to detect
excessive eating behavior or abnormal leptin levels or glucose
metabolism. The general explanations of second-generation
antipsychotic-induced metabolic disturbances implicate the
antiserotonergic and antihistaminergic effects of drugs such
as clozapine and olanzapine (3). However, risperidone inter-
acts particularly with serotonin 5-HT2x receptors—and only
to a lower extent with 5-HT»¢ receptors—and the drug has
very low affinity to histamine H;-receptors, rendering obser-
vations in our patient somewhat unexplained.

In light of recommendations to switch patients with sec-
ond-generation antipsychotic-induced hypertriglyceridemia
to risperidone (1), careful individual decisions appear to be
necessary. We recommend general metabolic monitoring and
dietary consultation for patients with psychotic disorders.
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“Mr. N” was a 28-year-old man with schizophrenia who
believed that he existed within a video game and that he
originated from another galaxy. He was treated for 5 months
with risperidone, 6 mg/day, aripiprazole, 30 mg/day, and
valproate, 1,000 mg/day. To reduce symptoms, clozapine
was increased to 400 mg/day over 15 days, overlapping with
risperidone for 10 days and with valproate briefly.

The patient complained of weakness, stiffness of the
neck, diarrhea, and dysphagia. He manifested fever
(101.1 °F), tachycardia (120 beats/min), hypertension
(146/65 mmHg), and tachypnea (25 breaths/min). His
physical examination revealed muscle weakness and pain
upon palpation of his extremities. Treatment with cloza-
pine was discontinued. The patient’s creatinine phospho-
kinase level was 1,500 U/l. His cardiac fraction increased
to 25.6 ng/dl, and his troponin levels increased to 18.6 ng/
dl, with EKG changes suggestive of myocardial infarction.

Mr. N’s fever later returned (102.2 °F); his creatinine
phosphokinase level was 392,623 U/I; his white blood cell
count was 18.7; and myoglobinuria was noted. However,
the patient’s serum creatinine level was normal. Bro-
mocriptine and lorazepam were administered. The pa-
tient was hydrated, developed pulmonary edema, was
intubated, and required restraints to prevent self-extuba-
tion. A CT scan showed pulmonary embolism, and a mus-
cle biopsy was nonrevealing. A complete physical recovery
ensued, but the patient’s psychosis persisted.

In our patient, clozapine may not have been the sole cause
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of neuroleptic malignant syndrome, since risperidone (2) and
aripiprazole (2), despite their discontinuance, may have con-
tributed. In addition, the concomitant use of valproate (4)
and lithium (1) has been reported as a risk factor.

Some authors have noted that patients being treated with
atypical antipsychotics may present with atypical features of
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