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ABSTRACT. The aim of the study was to explore the effects of 
increased levels of blood sugar and cytokines on impaired cognitive 
function in the olanzapine-induced obesity rat model. A total of 40 
rats were randomly divided into 2 groups; the control and olanzapine 
groups (N = 20 per group). The control rats were fed regular food, while 
the olanzapine rats received olanzapine-enriched (1.2 mg/kg) food 
by gavage for 4 weeks to establish the olanzapine-induced obese rat 
model. Enzyme-linked immunosorbent assays were used to measure 
the serum levels of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-
6), and C-reactive protein (CRP). Serum glucose content was measured 
by biochemical colorimetry. Learning and memory capacity was 
measured using a Y-maze, and the time before escape from a Morris 
water maze was recorded. Body weight and levels of blood glucose, 
lipids, TNF-α, IL-6, and CRP increased in the olanzapine group. In 
addition, the number of shocks received before reaching the learning 
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and memory standard and the time before escape from the Morris 
water maze were higher in the olanzapine group than in the control 
group. Olanzapine causes disorders in glucose and lipid metabolism. 
Increase in blood glucose promotes the toxicity of cytokines and leads 
to cognitive dysfunction in rats.
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INTRODUCTION

Studies have reported that antipsychotic drugs cause abnormal glucose metabolism in 
patients with schizophrenia, including the induction and worsening of diabetes and diabetic 
ketoacidosis (Xu and Yu, 2010; Liu et al., 2011; Yi et al., 2013). The plasma levels of cytokines 
such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and C-reactive protein (CRP) are 
high in psychiatric patients, which may be one of the important causes of drug-induced obesity 
(An et al., 2006). In addition to their relationship with obesity, typical antipsychotic drugs block 
the dopamine D2 receptor, which can cause or worsen cognitive impairment. Atypical anti-
psychotics likely damage working memory via blockade of the dopamine D1 receptor. In the 
present study, we determined the interaction between adipose-derived cytokines and glucose 
metabolism, using an olanzapine-induced obesity rat model. Furthermore, we explored the role 
of elevated levels of blood sugar and cytokines in deteriorating cognitive function.

MATERIAL AND METHODS

Experimental animals

A total of 40 Sprague-Dawley (SD) male rats with body weight between 270-300 g 
were purchased from the Experimental Animal Center of Xinjiang Medical University [cer-
tificate of conformity for experimental animals: SYXK (new) 2011-0001]. Rats were housed 
separately under normal lighting with 50 to 70% relative humidity at 22°C and had free access 
to water and food. The SD rats were randomly divided into two groups, namely the control and 
olanzapine groups, with 20 rats per group. The design and execution of the experiments were 
reviewed and approved by the Animal Ethics Committee of The Four Hospital of Xinjiang.

Drugs and reagents

Olanzapine tablets were purchased from Eli Lilly Pharmaceutical Co., Ltd. The serum 
glucose, IL-6 assay, and TNF-α ELISA kits were purchased from Xian Baoxin Biotechnology. 
The serum CRP assay kit was purchased from Beckman (USA).

Olanzapine-induced obesity rat model

One week after the rats adapted to their feeding regimen, the olanzapine group was 
administered the drug (1.2 mg/kg) in their food. While the olanzapine-induced obesity model 
group was being established, rats in both the control and olanzapine groups had free access to 
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food and water. Rats were weighed every 2 days, and continuously fed for 4 weeks. When the 
average weight of the rats in the olanzapine group was 20% higher than the control group, we 
considered the model to be successfully established (Chandler et al., 2005).

Measurement of plasma lipids 

Rats were fasted for 12 h and then anesthetized by an intraperitoneal injection of 3% 
sodium pentobarbital. Blood was collected in EDTA anticoagulant tubes for serum separation. 
The Beckman CX5 automatic biochemical analyzer was used for the determination of the 
levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL-C), and 
low-density lipoprotein (LDL-C).

Measurement of fasting blood sugar (FBS)

Rats were fasted for 12 h and then anesthetized by an intraperitoneal injection of 3% 
sodium pentobarbital. Tail vein blood was collected for measurements of FBS. The measure-
ments were performed in strict accordance with the kit instructions.

Y-maze test

Learning and memory were tested using the Y-maze (Shanghai Information Technol-
ogy Co.), after gavage. The rats were placed in the maze and habituated to their new environ-
ment through free exploratory access to all the three arms, for 5 min. All tests were conducted 
randomly and initiated by placing the rats in the starting arm of the maze. The voltage was set 
at 75 V, with a delay of 5 s. After the electric shock, rats that immediately escaped to a safe 
area were considered to have chosen the correct response. Each measurement was followed by 
a 30 s break, and the rats were allowed to rest for 5 min after the tenth test session. Choosing 
the correct response nine times out of ten consecutive tests, was considered the basic standard 
for learning. We then recorded the number of shocks required for the animals to attain the 
learning standard. This experiment was repeated 24 h later, to test memory in the rats. Tests 
were carried out under quiet and dark conditions.

Morris water maze test

The Morris water maze video analysis system (Shanghai ZH-SBS Doctor Rat video 
software) was used for this test. Navigation test sets were performed as follows: training was 
conducted four times a day for 7 days, followed by a test on day 8. The time required for rats 
to find the hidden platform was recorded.

Statistical analysis

All data were analyzed by the Student t-test using the statistical package for the social 
sciences (SPSS) 13.0 software and are reported as means ± SD for N = 20 animals per group. 
Pearson correlation analysis was performed for the FBS, TNF-α, IL-6, and CRP, with P < 0.05 
considered as statistically significant.
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RESULTS

Effect of olanzapine on rat body weight 

The weights of the rats in the olanzapine group increased significantly 2 weeks after 
gavage compared to the control group (>20% of the control group, P < 0.01). This result indi-
cates the olanzapine-induced obese rat model was successfully established (Table 1).

Group N 1 week 2 weeks 3 weeks 4 weeks

Control 20 294.22 ± 26.64 310.22 ± 24.99 318.00 ± 24.37 330.78 ± 25.14
Olanzapine 20   322.9 ± 25.73   361.33 ± 24.19*   374.22 ± 24.07*   400.44 ± 23.57*

*P < 0.05 compared to control, N = 20, means ± SD (mg).

Table 1. Comparison of body weights between olanzapine and control groups.

Effects of olanzapine on serum lipid and glucose 

The olanzapine group showed significantly higher serum TG, TC, and LDL-C than the 
control group after 4 weeks of gavage (P < 0.01). HDL-C levels were lower than the normal 
control group (P < 0.01). FBS was higher than in the normal control group (P < 0.01, Table 2).

Group N FBS TC TG HDL-C LDL-C

Control  20 4.90 ± 0.08 1.75 ± 0.04 0.71 ± 0.03 2.57 ± 0.11 0.68 ± 0.04
Olanzapine  20   6.06 ± 0.13*   2.98 ± 0.09*   2.61 ± 0.09*   1.68 ± 0.04*   0.96 ± 0.06*

*P < 0.05 compared to control, N = 20, means ± SD (mM).

Table 2. Comparison of blood lipid and glucose in rats.

Olanzapine-induced changes in serum TNF-α, IL-6, and CRP

The olanzapine group showed significantly higher TNF-α, IL-6, and CRP levels after 
4 weeks of gavage (P < 0.01, Table 3).

Group Cases                     TNF-α (ng/mL)                                     IL-6 (pg/mL)                  CRP (mg/mL)

  1 week 4 weeks 1 week 4 weeks 1 week 4 weeks

Control  20 0.49 ± 0.03 0.59 ± 0.03   88.63 ± 12.35 96.58 ± 8.77 1.75 ± 0.06 1.86 ± 0.04
Olanzapine  20 0.58 ± 0.04   1.57 ± 0.04* 85.24 ± 7.54   127.47 ± 11.38* 1.84 ± 0.02   2.68 ± 0.06*

*P < 0.05 compared to control, N = 20, means ± SD.

Table 3. Comparison of serum TNF-α, IL-6, and CRP levels.

Correlation analysis of serum TNF-α, IL-6, and CRP

Correlation analysis showed that both TNF-α and IL-6, are positively correlated with 
CRP (P < 0.05, Table 4).
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Comparison of learning and memory

The behavioral tests showed that compared with the control group, the rats from the 
olanzapine group had significantly impeded learning and memory. In addition, the number of 
electric shocks delivered before the rats learned their escape route in the Y-maze increased. 
The time required for the olanzapine-treated rats to escape the Morris water test was also pro-
longed (P < 0.01, Table 5 and Figure 1).

Group Cases Correlation coefficient (r) P

FBS/TNF-α 20 0.385 0.013
FBS/IL-6 20 0.260 0.005
FBS/CRP 20 1.280 0.045

Table 4. Correlation analysis of FBS and cytokines (hs-CRP, IL-6 and TNF-α).

Figure 1. Cognitive ability of olanzapine-treated and control group. The number of shocks received before reaching 
the learning and memory standard and the time before escape from the Morris water maze were higher (P < 0.05) in 
the rats in the olanzapine group than those in the control group. *P < 0.05 compared to control group.

DISCUSSION

Previous studies have found that adipocytes secrete cytokines and many cytokine-like 
molecules, including leptin, adiponectin, and anti-hormones. Many other cytokines not ex-

Groups N                                                 Y-maze test  Morris water maze test

  Learning ability (s) Memory (times) Escape time (s)

Control  20 50.25 ± 2.02 50.25 ± 2.05 23.54 ± 2.12
Olanzapine  20   82.65 ± 2.12*   82.65 ± 2.10*   62.20 ± 2.10*

Table 5. Cognitive ability of olanzapine-treated and control groups.

*P < 0.05 compared to control.
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pressed by fat tissues can also be secreted by adipocytes, including fat-derived cytokines such as 
TNF-α and IL-6. Studies have shown that adipocytes in obese individuals produce large amounts 
of biologically active TNF-α, however, the serum concentration of TNF-α decreases after weight 
loss (Nishimura et al., 2003). TNF-α is involved in the regulation of fat accumulation mainly 
by causing insulin resistance. It has been previously shown that TNF-α is an important mediator 
for pathogenic islet cells. Inflammatory cytokines such as IL-6, TNF-α, IL-1, and CRP have ef-
fects on islet β-cells, resulting in cytotoxicity (Wang et al., 2002). It was further confirmed that 
both healthy and type 2 diabetes patients show IL-6 gene expression in islet β-cells (Wang et al., 
2009). In addition, studies have found that IL-6 is regulated by glucose, while high blood sugar 
can promote islet β-cells to secrete IL- 6 (Esposito et al., 2002). Heilbronn et al. (2001) showed 
that serum CRP is higher in obese patients than in patients with healthy body weight. In obese 
patients, insulin sensitivity is reduced, and its physiological role is inhibited, which increases the 
synthesis of CRP. Considerable recent evidence suggest that serum CRP is closely related to the 
development and prognosis of obesity, insulin resistance, and diabetes.

In this study, we found that obese rats persistently treated with the antipsychotic olan-
zapine continued to increase in weight. The weight gain resulted in disorders in blood glucose 
and lipid metabolism as well as increased serum TNF-α, IL- 6, and CRP. Meanwhile, the 
FBS in obese rats was positively correlated with the levels of TNF-α, IL-6, and CRP. With 
increased blood sugar, the levels of adipocyte cytokines were also increased. Blood glucose 
can regulate the levels of inflammatory cytokines in obese rats, thereby promoting cytotoxicity 
and causing chronic pathologies.

In this study, behavioral tests showed that learning and memory capacity are impaired 
in rats treated with olanzapine. The cognitive decline combined with increase in adipocyte-
secreted inflammatory cytokines is complicated by the increase of blood sugar. These patholo-
gies are presumably due to the direct neuronal damage caused by high blood sugar. How-
ever, there may also be the involvement of the indirect effects of inflammatory cytokines on 
the expression of certain neurotransmitters. This interference with neurotransmission causes 
structural damage to the brain, and changes in brain function, ultimately leading to mild cog-
nitive impairment in the rats. Weight gain and metabolic disorders are common adverse drug 
reactions in patients treated with antipsychotics (Allison and Casey, 2001). Many studies 
have shown that antipsychotics such as olanzapine lead to obesity, hyperglycemia, and dys-
lipidemia (Henderson et al., 2000). High blood glucose can induce the proliferation of brain 
capillaries, causing increased permeability of the blood-brain barrier. The dysfunction in the 
blood-brain barrier increases the permeation of inflammatory cytokines and antibodies, which 
invade the neurons leading to decreased cognitive function (Purdon et al., 2001). Mogi et al. 
(2004) reported that cognitive test performance, positively correlates with glycated hemoglo-
bin. Studies also confirmed that the use of antidiabetic drugs to control metabolic disorders in 
type 2 diabetes improves the working memory and cognitive function of patients (Ryan et al., 
2006). This result indirectly reflects the effect of hyperglycemia on cognitive function (Ryan et 
al., 2006; Ergul et al., 2007). High blood glucose can damage blood vessels, induce metabolic 
abnormalities, impede neuronal calcium homeostasis, and cause changes in neurotransmit-
ters. Furthermore, it can result in damage to cerebral blood vessels, caused by inflammatory 
responses. Collectively, these abnormalities lead to decreased understanding, processing, and 
information integration processes, which eventually cause reduction in the cognitive and pro-
cessing capacity of patients.
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