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Plasma Clozapine and Desmethylclozapine 
Levels in Clozapine-Induced Agranulocytosis 
Mitsuru Hasegawa, M.D., Philip A. Cola, B.A., and Herbert Y. Meltzer, M.D. 

Clozapine may produce agranulocytosis in 1-2% of 
patients treated with it for 4 weeks or longer. Three 
mechanisms have been suggested: a direct toxic effect of 
metabolite of clozapine, an immunologic mechanism or a 
combination of both. N-desmethylclozapine, the major 
metabolite of clozapine, has been reported to be more toxic 
than clozapine itself (Gerson et al., 1994). In this study, 
plasma levels of clozapine and desmethylclozapine were 
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Oozapine has been reported to be more effective than 
typical neuroleptic drugs for 30% to 60% of patients with 
neuroleptic-resistant schizophrenia (Kane et al. 1988; 
Meltzer et al. 1993). It is currently not recommended 
for use in patients with schizophrenia who respond to 
typical neuroleptic drugs because of a 1% to 2% risk 
of granulocytopenia, or agranulocytosis (Krupp and 
Barnes 1989; Alvir et al. 1993). These side effects of 
clozapine have been attributed to the destruction of 
white blood cell (WBC) precursors by an immune mech­
anism (Pisciotta et al. 1992), or a direct toxic effect of 
clozapine, or one of its metabolites (Gerson et al., 1994). 
With regard to the latter theory, it has been suggested 
that N-desmethylclozapine, the major clozapine me­
tabolite, might be the cause of agranulocytosis because 
it is more toxic to WBC precursors than clozapine it­
self (Gerson and Meltzer 1992; Gerson et al. 1994). A 
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measured in five patients who developed agranulocytosis. 
The levels of both parent compound and metabolite were 
within the range found in other patients and below the 
toxic range. If a toxic mechanism is involved in 
clozapine-induced agranulocytosis, an additional 
vulnerability factor must be important. 
£Neuropsychopharmacology 11:45-47, 1994J 

free-radical metabolite of clozapine has also been 
suggested to be of importance for clozapine-induced 
agranulocytosis (Fischer et al. 1991). The purpose of 
this study was to measure plasma clozapine and des­
methylclozapine levels in patients who developed 
agranulocytosis and to compare them with those who 
did not. 

METHODS 

Plasma levels of clozapine and desmethylclozapine 
were determined in fIve patients with schizophrenia 
(three males and two females) who developed 
agranulocytosis (WBC ,.;; 500/mm3). This was a con­
secutive series of patients in whom plasma clozapine 
levels were available. The duration of treatment with 
clozapine prior to the onset of agranulocytosis was 
217-580 (232 ± SO 230) days. The dose of clozapine at 
the time agranulocytosis developed was 200-675 mg/day 
(mean 465 ± 185 mg/day). The mean age of the patients 
was 32.4 years ± 8.0 years. Four of the fIve (80%) pa­
tients who develop agranulocytosis were caucasian; one 
was black. Fifty-four of the 59 patients (34.9 ± 10.6 years 
old) who did not develop agranulocytosis were also 
Caucasian; the other four were black. 

Two blood samples for determination of plasma lev­
els of clozapine and its metabolite were obtained the 
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Table 1. Plasma Clozapine and Norc1ozapine Levels in Schizophrenic Patients 

Clozapine Daily Dosage (mg) 

Patient On Day of Onset On Day of Interval 
Plasma Levels (ng/ml) 

No. (Gender) of Reduced WBC Sampling (days) Clozapine N-desmethylc1ozapine 

1 (M) 600 600 0 433 270 
2 (F) 200 200 0 237 106 
3 (F) 450 450 1" 139 123 
4 (M) 675 600 99b 218 189 
5 (M) 400 350 156b 427 233 

Interval between day of onset of reduced WBC and day of sampling (days). 
Q Samples drawn after the onset of reduced WBC. 
b Samples drawn before the onset of reduced WBC. 

day agranulocytosis was frrst noted, within 6 hr of the 
last dose; another was obtained the day after the dis­
covery of agranulocytosis, 31 hrs after the last dose. 
Plasma was obtained day 99 and day 156 before 
agranulocytosis detection in two patients, 12 hr after 
the last dose. However, daily dosage at the times these 
two samples were drawn and the detection of agranu­
locytosis differed only by 75 mg and 50 mg, respectively. 
Plasma clozapine and desmethylclozapine levels were 
available from 59 patients who did not develop agranu­
locytosis (Hasegawa et a1. 1993). These samples were 
obtained approximately 12 hours to 16 hours after the 
evening dose. The plasma concentrations of clozapine 
and desmethylclozapine was determined in duplicate 
by high pressure liquid chromatography in different as­
says (Hasegawa et al. 1993). The coefficient of variation 
was � 6.8% (clozapine), and 6.7% (desmethylclozapine) 
within assays, � 9.5% (clozapine) and 14.4% (des­
methylclozapine) between assays. 

RESULTS AND DISCUSSION 

Plasma clozapine and desmethylclozapine level for the 
fIve subjects (two females, three females) who devel­
oped agranulocytosis are given in Table 1. The mean 
clozapine (291 ± SD 132 ng/rnl) and desmethylcloza­
pine (184 ± 70 ng/rnl) concentrations are in the same 
range observed in 59 patients who did not develop 
granulocytopenia or agranulocytosis (371 ± 257 ng/rnl 
(range 39 ng/rnl to 939 ng/rnl) and 274 ± 196 ng/rnl 
(range 19 ng/rnl to 885 ng/rnl), respectively (Hasegawa 
et al. 1993). The clozapine and desmethylclozapine lev­
els in the two groups were not signifIcantly different. 
Although two samples for clozapine levels were taken 
long before the day of detection of reduced WBC count, 
both plasma clozapine and desmethylclozapine levels 
are signifIcantly correlated with clozapine dose, and are 
fairly stable in most subjects over long periods at the 
same dose (Hasegawa et al. unpublished data; Perry 
et al. 1991). 

The concentration (ICso value) of desmethylcloza­
pine toxic to the colony forming unit-granulocytomacro­
phage cells has been reported to be 2,500 ng/rnl (Ger­
son and Meltzer 1993), a concentration 9-fold to 24-fold 
higher than the trough concentrations measured in the 
plasma of patients who developed agranulocytosis in 

this study; however, peak plasma clozapine concen­
trations following absorption of a 200 mg oral dose at 
steady-state have been estimated to be 2-fold higher 
than the trough levels (Cheng et al. 1988). Plasma des­
methylclozapine levels are highly correlated with cloza­
pine levels (Cheng et al. 1988) and should also be twice 
as high as trough levels, assuming there are no differ­
ences in clearance rates between clozapine and des­
methylclozapine. It is, therefore, possible that plasma 
levels of desmethylclozapine in at least two of the indi­
viduals (patients one and fIve) might approach 25% [or 
higher] of the levels that cause toxicity to colony form­
ing unit-granulocytomacrophage cells; however, trough 
levels of desmethylclozapine greater than 500 ng/ml 
were present in seven patients who did not develop 
agranulocytosis (Hasegawa et al. 1993) and have been 
measured in 45 other patients who did not develop 
agranulocytosis (Meltzer et al. unpublished data). 

These considerations suggest that if desmethylcloza­
pine is responsible for mediating clozapine-induced 
agranulocytosis through a direct toxic mechanism, it 
is necessary to postulate signifIcant variation in vulner­
ability to its toxic effect in different patients. This might 
be intrinsic to granulocyte precursor cells, or related to 
an immunologic mechanism that contributed to agranu­
locytosis; thus, measuring trough plasma levels of 
clozapine or desmethylclozapine may not predict the 
development of agranulocytosis without additional in­
formation about vulnerability factors that have not yet 
been identifIed. 

ACKNOWLEDGMENT 

The research reported was supported in part by USPHS MH 
41684, GCRC M01RROOO80 and the National Alliance for Re-



NEUROPSYCHOPHARMACOLOGY 1994- VOL. 11, NO.1 

search on Schizophrenia and Depression (NARSAD) as well 
as grants from the Elisabeth Severance Prentiss and John Pas­
cal Sawyer Foundations and Stanley Foundation. H.Y.M. is 
the recipient of a VSPHS Research Career Scientist Award 
MH 47808. The secretarial assistance of Ms. Lee Mason is 
greatly appreciated. 

REFERENCES 

AIvir JJ, Lieberman JA, Safferman AZ, Schwimmer JL, Schaaf 
JA (1993): Oozapine-induced agranulocytosis: Incidence 
and risk factors in the Vnited States. New England J Med 
329:162-167 

Cheng YF, Lundberg T, Bondesson V, Lindstrom L, Gabriels­
son J (1988): Oinical pharmacokinetics of clozapine in 
chronic schizophrenia. Eur JOin Pharmacol 34:445-449 

Fischer V, Haar JS, Greiner L, Lloyd RV, Mason RP (1991): 
Possible role of free radical formation in clozapine 
(Oozarilll!l)-induced agranulocytosis. Mol Pharmacol 
40:2641-2648 

Gerson SL, Arce C, Meltzer HY (1994): N-desmethylcloza­
pine: A clozapine metabolite that suppresses hematopoi­
esis. Brit J Haematology 86:555-561 

Gerson SL, Meltzer HY (1992): Mechanism of clozapine­
induced agranulocytosis. Drug Safety 7 (suppl 1):17-25 

Plasma Oozapine and Desmethylclozapine Levels 47 

Hasegawa M, Gutierrez-Esteinou R, Way L, Meltzer HY 
(1993): Relationship between clinical efftcacy and cloza­
pine plasma levels in schizophrenia: Effect of smoking. 
J Oin Psychopharmacol 13:(In Press) 

Kane J, Honigfeld G, Singer J, Meltzer HY, Clozarilll!l Collabo­
rative Study Group (1988): Clozapine for the treatment­
resistant schizophrenic: A double-blind comparison with 
chlorpromazine. Arch Gen Psychiatry 45:789-796 

Krupp P, Barnes P (1989): Leponex-associated granulocytope­
nia: A review of the situation. Psychopharmacology 
99:5118-5121 

Meltzer HY, Cola P, Way L, Thompson PA, Bastani B, Da­
vies MA, Snitz B (1993): Cost effectiveness of clozapine 
in neuroleptic-resistant schizophrenia. Am J Psychiatry 
150:1630-1638 

Meltzer HY, Bastani B, Kwon KY, Ramirez LF, Burnett 5, 
Sharpe J (1989): A prospective study of clozapine in 
treatment-resistant patients: I: Preliminary report. Psy­
chopharmacology 99 (suppl.):S68-S72 

Perry PJ, Miller DD, Arndt SV, Cadoret RJ (1991): Clozapine 
and norclozapine plasma concentrations and clinical re­
sponse of treatment-refractory schizophrenic patients. 
Am J Psychiatry 148:231-235 

Pisciotta A V, Konings SA, Ciesemier LL, Cronkite CE, Lie­
berman JA (1992): Cytotoxic activity in serum of patients 
with clozapine-induced agranulocytosis. J Lab Clin Med 
119:254-256 


	Plasma Clozapine and Desmethylclozapine Levels in Clozapine-Induced Agranulocytosis
	METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES




