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Abstract: The pathophysiology of schizophrenia may involve increased production of 

inflammatory cytokines by activated microglia. Minocycline can inhibit activated microglia and 

may improve secondary negative symptoms and/or cognitive functions when used as adjuvant 

to antipsychotics. Effects on minocycline on primary and enduring negative symptoms in deficit 

schizophrenia (DS) are unknown. We present a male patient with a 3-year history of DS. He 

was treated for 12 weeks with risperidone at a maximal dose of 6 mg per day, then for 10 weeks 

with olanzapine at 20 mg per day. Symptoms did not improve, and body mass index increased 

from 20.41 to 22.84 kg/m2. Serum levels of several inflammatory cytokines were elevated, so 

we prescribed minocycline as adjunct to aripiprazole for 12 weeks. Negative symptoms and 

cognitive impairment improved, and serum levels of inflammatory cytokines decreased. Our 

case suggests that clinicians may consider minocycline as adjunct therapy to antipsychotics 

in patients with DS with elevated serum levels of inflammatory cytokines. This highlights the 

need for further research into possible relationships of minocycline with negative symptoms 

and cognitive function in patients with DS.
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Introduction
Schizophrenia is a devastating mental disorder. Patients with schizophrenia show a 

variety of symptoms, including hallucination, delusion, blunted affect and emotion, 

asociality, avolition, cognition impairment, and social withdrawal. Although the etiol-

ogy of schizophrenia remains unclear, production of various inflammatory cytokines 

and free radicals by activated microglia may contribute to neuronal degeneration and 

neurotoxic effects in the disease.1–11

Minocycline, a semisynthetic, second-generation tetracycline antibiotic, shows 

obvious anti-inflammatory and neuroprotective effects that appear to be independent 

of its antimicrobial action.6,11,12 The drug penetrates brain tissue well, is tolerated 

well, and is nearly completely absorbed when taken orally.13,14 It effectively inhibits 

activated microglia and protects neurons from degeneration in animal models of 

schizophrenia.15–17

Typical and atypical antipsychotics can improve positive symptoms, but show 

limited efficacy for negative symptoms and cognitive impairments in patients with 

schizophrenia.2,18 Several clinical studies have shown that minocycline can improve 

negative symptoms and/or cognitive functions of patients with schizophrenia.8,18–22

The concept of deficit schizophrenia (DS) has been used to define a subgroup of 

patients with schizophrenia who show primary and enduring negative symptoms dur-

ing the clinically stable stage of the disease. The negative symptoms of DS are not 
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secondary to anxiety, depression, hallucination, delusion, 

thought disorder, or medication. Patients who do not meet 

the criteria of DS are classified as suffering from nondeficit 

schizophrenia.23,24 Their secondary negative symptoms can 

be treated effectively using second-generation antipsychot-

ics, whereas primary and enduring symptoms often persist 

despite treatment with conventional or second-generation 

antipsychotics.24 Concentrations of the inflammatory markers 

IL-6 and C-reactive protein (CRP) are significantly higher in 

DS patients than in non-DS patients and may be associated 

with their negative symptoms.25 To our knowledge, no study 

has been reported using minocycline as adjunct therapy to 

antipsychotics in DS patients.

Case presentation
Three years before his admission to our hospital, a 26-year-

old Chinese man began to manifest, for no apparent reason, 

restricted affect, poor speech, diminished sense of purpose, 

and diminished social drive. His affect was diminished no 

matter what his parents told him. He lacked interest in doing 

anything, and did not talk to others. When his parents asked 

him questions, he answered only “I don’t know”. Sometimes 

his speech was disorganized and incoherent. He also lost 

desire to work at his job as a bank clerk, although he previ-

ously performed well. He preferred to stay at home and did not 

want to participate in activities or have contact with friends. 

His sleep and appetite were poor. He showed no disturbance 

of consciousness. After these symptoms continued for about 

6 months, he was taken by his parents and hospitalized in 

a local psychiatric ward. General physical and neurologic 

examinations and routine laboratory investigations at that 

time showed no notable abnormalities. He was, therefore, 

diagnosed with schizophrenia and treated with risperidone at 

a maximal dosage of 6 mg per day for 12 weeks. The patient 

did not respond, and he was discharged with a weight of 

59 kg and body mass index (BMI) of 20.41 kg/m2.

After discharge, the patient presented with the same 

symptoms and he was taken by his parents to our outpatient 

department 1 year before he was admitted to our hospital. The 

outpatient physicians diagnosed him with schizophrenia and 

treated him for 10 weeks with a maximal dose of olanzapine 

of 20 mg per day. He responded poorly, so he was admitted to 

our hospital at the request of his parents. The patient reported 

never smoking and occasionally drinking small amounts of 

wine. He had no family history of mental disorders. His vital 

signs were stable, and no abnormal physical or neurologic 

signs were detected at admission. Blood and urine tests were 

routine, blood glucose and liver and renal functions were 

normal, and no evidence of infection was found. His thyroid 

function was normal. Cerebrospinal fluid (pressure, appear-

ance, cells, proteins, glucose, chloride, and immunoglobulin) 

and brain magnetic resonance imaging were also normal. 

The following serum levels were measured: IL-1β, 8 pg/mL 

(reference range, 0–5 pg/mL); soluble interleukin-2 recep-

tor (sIL-2R), 812 U/mL (223–710 U/mL); IL-6, 10 pg/mL 

(0–7 pg/mL); IL-8, 51 pg/mL (0–62 pg/mL); IL-10, 8.8 

pg/mL (0–9.1 pg/mL); tumor necrosis factor-α (TNF-α), 

8.7 pg/mL (,8.1 pg/mL); and CRP, 5.5 mg/L (,5 mg/L). 

Electroencephalography, electrocardiography, and transcra-

nial Doppler ultrasound results were normal. The patient and 

his family members denied any abuse of illicit substances. 

The patient’s weight was 66 kg and BMI was 22.84 kg/m2.

The patient was diagnosed with schizophrenia based on 

the Structured Clinical Interview for the fourth edition of 

the Diagnostic and Statistical Manual of Mental Disorders, 

Patient Version. The patient was followed up for 6 months 

after diagnosis to confirm the presence of schizophrenia. The 

patient was diagnosed with DS using the Schedule for Deficit 

Syndrome (SDS).26 We dynamically classified the patient and 

reassessed this classification at 6 and 12 months later using 

the SDS. The patient scored 82 on the Scale for Assessment 

of Negative Symptoms (SANS).27 Cognitive function was 

assessed using the Cambridge Neuropsychological Test 

Automated Battery (CANTAB) (cambridgecognition.com) 

at admission as well as 10 weeks later (Table 1).

Table 1 Performance on cognitive tests

Test Admission 12 weeks Reference values

DMs, percent correct1 61 89 100 (best)
DMs, percent correct 
(simultaneous)1

79 91 100 (best)

DMs, percent correct 
(all delays)1

50 78 100 (best)

IED, stages completed1 5 5 9 (best)
IeD, total errors 
(adjusted)2

14 6 –

prM, percent correct, 
immediate1

79 95 100 (best)

prM, percent correct, 
delayed1

59 88 100 (best)

rVp, total false alarms2 2 0 0 (best)
RVP, probability of hit1 0.56 0.97 1 (best)
SOC, problems solved 
in minimum moves1

4 9 12 (best)

SWM, between errors2 8 1 0 (best)
SWM, strategy2 32 20 8 (best)–56 (worst)

Notes: 1Higher is better; 2Lower is better.
Abbreviations: DMS, delayed matching to sample; IED, intra-/extradimensional 
shift; PRM, pattern-recognition memory; RVP, rapid visual information processing; 
SOC, stockings of Cambridge; SWM, spatial working memory.
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The patient was treated with aripiprazole at a maximal 

dose of 20 mg per day, and treated with minocycline as 

adjunct therapy, which was gradually titrated to 100 mg twice 

daily. After 12 weeks of adjunct treatment, persistent and 

enduring negative symptoms improved. The patient reported 

no complaints or side effects from the minocycline, he was 

able to care for himself during daily activities, and his social 

engagement improved. His communication with parents and 

contact with friends notably improved. When his parents 

told him a joke, he laughed. He was willing to exercise and 

agreed to join a skills training group. The SANS score was 47, 

and serum levels of IL-1β were 5 pg/mL; sIL-2R, 670 U/mL; 

IL-6, 6 pg/mL; IL-8, 48 pg/mL; IL-10, 9.1 pg/mL; TNF-α, 

7.1 pg/mL; and CRP, 3.6 mg/L. At 12 months follow-up after 

discharge from our center, he reported no signs of negative 

symptoms and reported that he was functioning well in the 

community.

Discussion
To our knowledge, this is the first successful report of mino-

cycline adjunct treatment for DS. Minocycline effectively 

reduced primary and enduring negative symptoms in our 

patient. These antipsychotic effects are likely to be due 

exclusively to minocycline, because our patient did not suffer 

any infectious or immune disease.

Our success with minocycline as adjunct therapy to arip-

iprazole in a patient with DS is consistent with case reports 

and with randomized, double-blind, placebo-controlled trials 

indicating that minocycline adjunct therapy can improve 

negative symptoms in patients with early-phase or chronic 

schizophrenia.8,18–20,22,28–30 These findings are consistent with 

the notion that during schizophrenia, activated microglia 

produce various inflammatory cytokines that contribute to 

neuropathology.6–11

Cognitive evaluation of our patient using the CANTAB 

showed that minocycline led to improvement on several 

dimensions of attention, memory, and executive function. 

The Rapid Visual Information Processing Test assesses sus-

tained attention, which is highly sensitive to brain damage or 

dysfunction. The Pattern-recognition Memory Test assesses 

visuospatial memory domains. The Delayed Matching to 

Sample Test assesses simultaneous visual matching ability 

and short-term visual recognition memory for nonverbaliz-

able patterns. Improvement was also seen on the Battery’s 

three tests of executive function: the Spatial Working Mem-

ory Test assesses ability to retain and manipulate informa-

tion in spatial working memory, the Intra/extradimensional 

Shift Test assesses cognitive shifting and flexibility, and 

the Stockings of Cambridge Test assesses planning and 

organizing a goal-oriented sequence of actions.31 Our results 

suggest that minocycline as adjunct therapy to atypical 

antipsychotics may decrease damage to different domains 

of cognitive function, which is consistent with previous 

studies.19,20 In contrast, one study found no significant cogni-

tive difference between patients treated with minocycline or 

placebo, except in attention.18 This discrepancy may reflect 

the heterogeneity of schizophrenia and differences among 

cognitive testing tools.

Schizophrenia features diverse symptoms and clinical 

heterogeneity. These different clinical symptoms may result 

in different response to antipsychotic treatment.24 In our pre-

vious work, we found that patients with DS are a relatively 

homogeneous subgroup of schizophrenia,32–34 but the impact 

of second-generation antipsychotics on DS patients remains 

controversial.24 Several studies have compared the efficacy 

of amisulpride, clozapine, and olanzapine in treating primary 

negative symptoms, but without conclusive findings.35–37 

Our case indicates that minocycline adjunct therapy may 

be a therapeutic strategy for treating primary and persistent 

negative symptoms in patients with schizophrenia.

Serum levels of most inflammatory cytokines in our 

patient decreased after treatment. Conversely, the serum level 

of IL-10 increased, although it remained within the normal 

range. Certain atypical antipsychotics may decrease serum 

levels of cytokines.6,38 Meta-analysis of available evidence 

suggests that IL-1β and IL-6 are state markers, because they 

normalize with antipsychotic treatment. In contrast, sIL-2R 

and TNF-α may be trait markers, because they remain 

elevated following antipsychotic treatment.4 Aripiprazole has 

been shown to inhibit only levels of inflammatory cytokine 

TNF-α,39 implying that minocycline reduced serum levels 

of other inflammatory cytokines in our patient, presumably 

by inhibiting microglial activation.

When treating patients with DS, it may be useful to con-

sider the possibility of neuroinflammation and monitor serum 

levels of inflammatory cytokines. Large, randomized studies 

should follow up patients for longer periods after minocycline 

adjunct therapy in order to assess long-term outcomes and 

confirm its efficacy against primary and persistent negative 

symptoms and cognitive function in DS.

Conclusion
We conclude that minocycline may be considered by clini-

cians as adjunct therapy in schizophrenia patients with pri-

mary and persistent negative symptoms and elevated serum 

levels of inflammatory cytokines. This highlights the need 
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for further research into potential association of minocycline 

with negative symptoms and cognitive function in patients 

with DS.
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