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Objective: The present study aims to investigate the effect of common cold on the serum clozapine concentrations in hospitalized
patients with schizophrenia.

Methods: A total of 65 schizophrenic patients with common cold receiving clozapine treatment were retrospectively enrolled. The
demographic data, medication situation, clozapine concentration, and parameters of routine haematological and biochemical laboratory
tests were obtained from the medical record system. The serum clozapine concentration and clozapine concentration/dose (C/D) ratios
between the baseline period and cold period were compared by paired-sample t tests. Association between the changes in serum
concentration and C/D ratios of clozapine and changes in white blood cell (WBC) and neutrophil (NE) counts was evaluated using
Pearson correlation analysis.

Results: The serum clozapine concentration (¢ = —9.856, P < 0.001) and clozapine C/D ratios (¢ =—10.071, P < 0.001) were found to
be significantly elevated in the cold period compared to the baseline period. Moreover, the changes in the serum clozapine
concentration were found to be significantly elevated in female patients compared to male patients (¢ = —2.483, P = 0.017).
Furthermore, changes in the serum clozapine concentration were positively correlated to the changes in WBC (» = 0.303, P =
0.014) and NE (r = 0.315, P = 0.011) counts. Similarly, changes in clozapine C/D ratios were positively correlated to the changes in
WBC (r = 0.275, P = 0.027) and NE (r = 0.328, P = 0.008) counts.

Conclusion: The serum clozapine concentrations in patients with schizophrenia during the common cold period were increased,
which might by related to the elevated WBC and NE counts.
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Introduction

Schizophrenia is a chronic and severe psychiatric disorder that significantly impairs social and occupational functioning,
thereby profoundly affecting patients’ quality of life.> Compared to the general population, individuals with schizo-
phrenia have a reduced life expectancy by 15-20 years and exhibit a 2 to 3-fold increased prevalence of metabolic

syndrome,’*

as well as a 1.5-fold higher risk for coronary heart disease and cerebrovascular disease.”® Clozapine,
a second-generation atypical antipsychotic, has demonstrated efficacy in the treatment of refractory schizophrenia, acute
psychotic disorder, and drug-induced psychosis.”” Research indicates a significant correlation between the serum
concentration of clozapine and its therapeutic efficacy.'® The Consensus Guidelines for Therapeutic Drug Monitoring
in Neuropsychopharmacology strongly endorse the use of therapeutic drug monitoring (TDM) for clozapine,
a recommendation substantiated by numerous reports and controlled clinical trials."" In clinical practice, low concentra-
tions of clozapine exhibit limited efficacy, whereas high concentrations substantially elevate the risk of adverse

reactions.'? The incidence of these adverse reactions has consequently restricted the clinical utility of clozapine.

Neuropsychiatric Disease and Treatment 2024:20 1563—1570 1563
Received: 19 April 2024 © 2024 Cao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at httpx / Iwww.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati nc/3.0/). By accessing the work

Accepted: 6 August 2024
Published: 13 August 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the wnrk is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4821-3879
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Cao et al Dove

Hence, monitoring clozapine blood levels and identifying determinants that influence serum clozapine concentrations are
of significant clinical importance.

Common cold represents the most prevalent infectious disease affecting humans, with a high incidence rate observed
across all age groups.'® Recent evidence suggests a potential correlation between infection and clozapine concentrations.
It has been reported that infections may result in a notable increase in clozapine blood levels.'*'> More recently,
a significant increase in clozapine blood levels following the administration of the second dose of the COVID-19 vaccine
was observed.'® Similarly, elevated serum levels of clozapine have been documented during the COVID-19 infection
period.'” Additionally, a statistically significant positive correlation has been observed between clozapine concentration
and C-reactive protein (CRP), a widely used inflammatory marker, during the COVID-19 infection period.'” However,
there is a limited number of studies assessing the impact of the common cold, the most prevalent infectious disease, on
clozapine concentrations in patients with schizophrenia.

Given the potential relationship between infection and clozapine concentration, the main aim of this study was to (1)
investigate the effect of common cold on the serum clozapine concentrations; and (2) examine the association between
the changes in the serum clozapine concentrations and hematologic changes caused common cold in patients with
schizophrenia.

Materials and Methods
Study Design and Participants

In this study, schizophrenic patients with common cold and treated with clozapine at Hefei Fourth People’s Hospital from
October 2020 to July 2022 were selected. The inclusion criteria were as follows: (1) meeting the ICD-10 diagnostic criteria
of schizophrenia; (2) meeting the diagnosis of the common cold in accordance with the guidelines outlined in the Expert
Consensus on Standardized Diagnosis and Treatment of the Common Cold (typical symptoms of common cold, including
two or more symptoms: fever, sore throat, cough, nasal congestion, runny nose, headache, malaise, or fatigue);18 3)
administration of Ganmaoling granules to all patients for cold treatment; (4) The steady-state blood concentration of
clozapine was measured; (5) The dosage of clozapine remained consistent during both the baseline and cold periods. The
exclusion criteria were as follows: (1) combined use of drugs that affect clozapine blood concentration; (2) accompanied by
serious heart, liver, kidney and other diseases. According to the above criteria, a total of 65 hospitalized patients were
included. The ethics committee at Hefei Fourth People’s Hospital gave its approval to this procedure (HSY-IRB-PJ-CY),
which was carried out in accordance with the principles outlined in the Declaration of Helsinki.

Data Extraction

The medical records of patients with schizophrenia were obtained through the doctor workstation system and related
information was collected: (1) Demographic data including age, sex, height, weight, and disease diagnosis; (2)
Medication situation including drug name, dosage, time, combination of drugs; (3) Laboratory examination including
blood concentration of clozapine, and parameters of routine haematological and biochemical laboratory tests.

Blood Clozapine Concentration Detection

In this study, steady-state clozapine serum concentrations were measured after oral administration of clozapine for at least 1
week. Blood samples were obtained from the participants’ veins at 5:00 a.m. following an overnight fast. Collection was
performed using dry tubes devoid of any additives. Subsequently, the blood samples were centrifuged immediately at
3000 rpm for 5 minutes at 4°C. The resultant supernatant was then collected and designated as the serum sample. The US
waters-TQS UPLC-MS/MS mass spectrometer was used to detect the serum concentration of clozapine, and the accompany-
ing quality control samples were tested daily. The deviation of the test results of the quality control samples was < 15%.

Blood Routine Test
In this study, the parameters of routine haematological and biochemical laboratory tests in patients with schizophrenia
were tested by Siemens ADVIA 2120i blood analyzer (Siemens Health care Diagnostics Inc.) by Clinical examination
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and Biochemical Laboratory of Clinical Laboratory of our hospital. The parameters of routine haematological test
included white blood cell count (WBC), neutrophils count (NE), number of lymphocytes, number of monocytes, number
of eosinophils, number of basophils, number of red blood cells (RBC), hemoglobin concentration (HB), packed cell
volume (PCV). The parameters of biochemical laboratory test included albumin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), total bile acid (TBA), total cholesterol (TC), creatinine, and uric acid.

Statistical Analysis

SPSS (version 17.0; IBM Corp., Armonk, NY, USA) was used to analyze the data. The data are expressed as mean +
standard deviation (SD), and the P value for statistical significance was set at 0.05. Paired ¢ test was used to compare
blood clozapine concentration between the cold period and the baseline period, and independent samples #-test was used
to compare the gender differences in the impact of colds on the changes in the serum concentration and C/D ratios of
clozapine. Pearson correlation analysis was conducted to analyze the association between the changes in serum
concentration and concentration/dose (C/D) ratios of clozapine and changes in WBC and NE counts.

Results

Demographic and Clinical Characteristics of the Patients

A total of 65 schizophrenic patients with common cold receiving clozapine treatment, including 34 males and 31 females,
were enrolled. The average age was (38.12 £ 13.00) years and BMI was (25.17 + 3.14) kg/m”. The main symptoms of
common cold are runny nose, nasal congestion, sneezing and itchy nose. The daily doses of clozapine ranged from 100 to
400 mg. The anti-cold medicine was Ganmaoling granules, and the daily dose was 30 g. The average number of days
from the onset of cold symptoms to the measurement of clozapine concentration was (4.89 + 4.33) days.

Comparison of Serum Clozapine Concentration and Clozapine C/D ratios between
the Baseline Period and Cold Period

According to the data presented in Figure 1 A—B, the serum clozapine concentration (¢ = —9.856, P < 0.001) and clozapine
C/D ratios (¢ =—10.071, P < 0.001) were found to be significantly elevated in the cold period compared to the baseline
period. Among the 65 patients, 8 individuals with common cold had not yet taken Ganmaoling granules at the time of
blood concentration testing for clozapine. We compared the serum clozapine concentration and clozapine C/D ratios
between the baseline and cold periods in these 8§ patients. The serum clozapine concentration (¢ = —3.594, P = 0.009) and
clozapine C/D ratios (¢ = —4.486, P = 0.003) were found to be significantly elevated in the cold period compared to the
baseline period (Figure 1C-D).

We further investigated the gender differences in the impact of colds on the changes in the serum concentration and
C/D ratios of clozapine. As shown in Figure 2, the changes in the serum clozapine concentration were found to be
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Figure | Comparison of serum clozapine concentration and clozapine C/D ratios between the baseline period and cold period. (A) Comparison of serum clozapine
concentration in all 65 patients; (B) Comparison of clozapine C/D ratios in all 65 patients; (C) Comparison of serum clozapine concentration in 8 patients with colds had not
yet taken Ganmaoling; (D) Comparison of clozapine C/D ratios in 8 patients with colds had not yet taken Ganmaoling. **P < 0.01.
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Figure 2 Gender differences in the impact of colds on the changes in the serum concentration and C/D ratios of clozapine. (A) Comparison of serum clozapine
concentration; (B) Comparison of clozapine C/D ratios. *P < 0.05.

significantly elevated in female patients compared to male patients (¢ = —2.483, P = 0.017). No significant differences in
C/D ratios of clozapine were found between groups (¢ = —1.313, P = 0.197).

Comparison of the Parameters of Routine Haematological and Biochemical

Laboratory Tests between the Baseline Period and Cold Period
We further compared the the parameters of routine haematological and biochemical laboratory tests between the baseline
period and cold period. As shown in Table 1, the WBC (¢ =—3.356, P =0.001) and NE (¢t =—4.611, P <0.001) in the cold

period were significantly higher than those in the baseline period.

Table | Comparison of Parameters of Routine Haematological and
Biochemical Laboratory Tests Between Baseline Period and Cold Period

Variables Baseline Period | Cold Period t P
WBC 6.72 £ 1.59 7.85%2.72 —3.356 | 0.001
NE 3.89+1.26 5.38+2.49 —4.611 | <0.001
Number of Lymphocytes 2.12+0.67 1.73+£0.59 —0.176 | 0.86l
Number of Eosinophils 0.18+0.35 0.12+0.10 1.617 0.111
Number of Basophils 0.03+0.02 0.03+0.03 1.418 0.161
Number of Monocytes 1.06+4.65 0.60£0.33 0.850 0.398
RBC 4.18+0.55 4.13£0.46 0.824 0413
HB 123.59£17.15 125.08+16.74 | —0.838 | 0.405
PCV 222.31+63.53 235.69+88.20 | —1.505 | 0.137
Hematocrit 39.00+14.06 37.3244.67 1.077 0.286
Albumin 40.10+6.80 40.77+4.00 —0.771 0.443
ALT 25.37£19.50 27.06+22.98 | —0.609 | 0.545
AST 19.21+8.48 40.77+4.00 —0.474 | 0.637
TBA 5.35%5.12 5.45+5.95 -0.110 | 0.175
TC 4.28+0.96 6.51£13.06 -1.370 | 0.164
Creatinine 64.06+13.49 62.97+18.86 0.719 0.475
Uric acid 339.07+81.80 320.83+108.95 | 2.399 0.192

Abbreviations: WBC, white blood cell; RBC, number of red blood cells; HB, hemoglobin concen-
tration; PCV, packed cell volume; NE, neutrophil count; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TBA, total bile acid; TC, total cholesterol.
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Figure 3 Association between the changes in serum concentration and C/D ratios of clozapine and changes in WBC and NE counts. (A) Association between the changes in
serum clozapine concentration and changes in WBC counts; (B) Association between the changes in serum clozapine concentration and changes in NE counts; (C) Association
between the changes in clozapine C/D ratios and changes in WBC counts; (D) Association between the changes in clozapine C/D ratios and changes in NE counts.

Association between the Changes in Serum Concentration and C/D ratios of
Clozapine and changes in WBC and NE Counts

As shown in Figure 3, changes in the serum clozapine concentration were positively correlated to the changes in WBC
(r =0.303, P = 0.014) and NE (» = 0.315, P = 0.011) counts. Similarly, changes in clozapine C/D ratios were positively
correlated to the changes in WBC (» = 0.275, P = 0.027) and NE (» = 0.328, P = 0.008) counts.

Discussion

The primary objective of the present study was to investigate the impact of the common cold on serum clozapine
concentrations in hospitalized patients with schizophrenia. Three principal findings have emerged from the analysis.
Firstly, serum clozapine concentrations and clozapine C/D ratios were significantly elevated during the cold period
compared to the baseline period. Secondly, the alterations in serum clozapine concentrations were observed to be
significantly higher in female patients compared to their male counterparts. Thirdly, variations in serum clozapine
concentrations and clozapine C/D ratios exhibited a positive correlation with changes in WBC and NE counts.

Current evidence indicates that inflammation-induced alterations in drug metabolism are prevalent.'” A substantial
body of research has examined the effects of inflammation and infection on the regulation of isoforms within the
cytochrome P450 (CYP450) superfamily.”® Findings reveal that infection or inflammation can significantly reduce the
clearance of CYP450 substrates, with reductions ranging from 20% to 70%. This decline is primarily ascribed to the
transcriptional suppression of CYP mRNAs, which subsequently results in diminished expression and activity of
CYP450 enzymes.zl Moreover, the downregulation of membrane transporters and drug metabolic enzymes mediated
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by inflammation, in conjunction with modifications in drug plasma protein binding, can lead to alterations in drug
absorption, distribution, and clearance.*” As a result, these factors may contribute to increased serum levels of drugs and
the risk of potential toxicity. Clozapine is primarily metabolized by the liver’s cytochrome P450 enzyme system, and
studies on gene polymorphisms have indicated that variations in the CYP1A2 enzyme within this system significantly
influence clozapine metabolism, particularly in relation to its catalytic demethylation.>>** It is noteworthy that infection
or inflammation can result in a significant reduction in CYP1A2 expression by up to 90%.?> The proposed mechanism
involves a direct decrease in CYP450 gene transcription, mediated by cytokine-induced transcriptional repression, which
subsequently leads to the downregulation of CYP activities and enzyme synthesis.?® Interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), and C-reactive protein (CRP) have been identified as the cytokines responsible for the diminished
expression of CYP1A2.2"* In the present study, serum clozapine concentrations and clozapine C/D ratios were found to
be significantly elevated during the cold period compared to the baseline period. Given that this is a retrospective study,
the concentration of IL-6, TNF-0 and CRP was not measured in these patients. Future studies that include the detection
of pro-inflammatory cytokines may elucidate the mechanisms by which cold conditions lead to increased clozapine
concentrations.

Systemic inflammation can be effectively evaluated through peripheral blood markers, including WBC and NE
counts.” In the current study, WBC and NE counts during the cold period were significantly elevated compared to the
baseline period, indicating that schizophrenic patients with the common cold are experiencing systemic inflammation.
Additionally, we investigated the relationship between alterations in serum concentrations and the C/D ratios of
clozapine, and the changes in WBC and NE counts. The results showed that alterations in serum clozapine concentrations
exhibited a positive correlation with changes in WBC and NE counts. Likewise, variations in clozapine C/D ratios were
positively correlated with changes in WBC and NE counts. These findings suggest that elevated serum clozapine
concentrations in patients with schizophrenia may be associated with systemic inflammatory status.

Among the 65 schizophrenic patients with the common cold, 57 (87.7%) were administered Ganmaoling granules
during the measurement of clozapine concentration. Ganmaoling granules are a widely used compound preparation of
traditional Chinese herbs, known for their therapeutic effects in alleviating cold symptoms and preventing and treating
viral infections. Since the 1970s, this over-The-counter (OTC) medication has been extensively utilized in clinical
practice for the treatment of headache, fever, nasal congestion, and sore throat, both in China and North America.*°
Certain chemicals, including 3-O-caffeoylquinic acid, acetaminophen, and caffeine, are regarded as the primary active
ingredients in this formulation.*® These compounds exhibit various physiological activities, such as antipyretic, anti-
bacterial, antiviral, and other protective effects. Previous research has demonstrated that nearly 90% of caffeine under-
goes transformation and metabolism via the CYP1A2 enzyme.>' Furthermore, caffeine has been reported to inhibit
CYP1A?2 isoforms, leading to elevated blood concentrations of clozapine.* Therefore, it is reasonable to hypothesize that
the increased serum concentration of clozapine observed in patients with schizophrenia may be associated with their use
of Ganmaoling granules. Although serum clozapine concentrations and clozapine C/D ratios were also significantly
elevated during the cold period compared to the baseline period in 8 patients who had not yet taken Ganmaoling granules
when their blood clozapine levels were measured, further research is warranted to investigate the potential impact of
Ganmaoling granules on clozapine concentrations.

Several studies have documented gender-associated variations in clozapine levels, with clozapine concentrations
being lower in male patients compared to female patients.** These differences can be attributed to factors such as
hormonal balance, body composition, the function of transporters, and the activities of clozapine-metabolizing enzymes
CYPIA2 and CYP3A4.%>*° For instance, the primary metabolizing enzyme of clozapine, CYP1A2, exhibits lower
activity in females than in males, which is believed to contribute to the higher blood concentrations of olanzapine and
clozapine observed in females.’” In the current study, we conducted a further examination of the gender differences
regarding the effects of colds on the serum concentration and C/D ratios of clozapine. Our findings indicate that serum
clozapine concentrations were significantly higher in female patients compared to their male counterparts. Consequently,
clinical practitioners should be vigilant regarding the increased serum levels of clozapine and the potential toxic side

effects associated with these elevations in patients experiencing a common cold, particularly among female patients.
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This study is subject to several limitations. Firstly, it is a single-center study with a limited sample size, which may
introduce sampling bias. Secondly, only eight patients with the common cold had not yet taken Ganmaoling at the time of
testing blood concentrations of clozapine. A larger sample size is required to assess the effect of the common cold itself,
independent of Ganmaoling administration, on clozapine concentrations. Thirdly, the study is unable to establish a causal
relationship between changes in serum clozapine concentrations and alterations in WBC and NE counts. Fourthly, fever
may influence the activity of the CYP1A2 enzyme, consequently altering the concentration of clozapine. Given that the
patient’s body temperature was not documented during the period of the common cold, it is not feasible to determine
whether the patient experienced a febrile state. This omission should be acknowledged as a limitation of the study.

In conclusion, the current study demonstrates an elevation in serum clozapine concentrations in patients with
schizophrenia during episodes of the common cold, potentially associated with increased WBC and NE counts.
Further multicenter studies are warranted to validate the observed increase in serum clozapine concentrations in this
patient population during common cold periods. Additionally, longitudinal investigations are required to elucidate the
causal relationship between changes in serum clozapine concentrations and alterations in systemic inflammation markers,
including WBC and NE counts.
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