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Abstract

Chronic treatment with olanzapine (OLZ), an atypical
antipsychotic drug, is associated with the adverse
effects of weight gain, hyperglycemia and/or hyper-
triglyceridemia. Green tea or epigallocatechin gallate
(EGCG), one of the most abundant green tea poly-
phenols, significantly reduces or prevents an increa-
se in glucose levels, lipid markers and/or body weig-
ht. We hypothesized that combined treatment with
OLZ and green tea extract (GTE) or EGCG may pre-
vent body weight gain and increase of the lipid mar-
kers. ICR male mice weighing an average of 30.51 g
(n=32) at the beginning of the experiment were
used. OLZ, OLZ+GTE and OLZ+EGCG were admi-
nistered for 27 d in the drinking water, and then the
levels of fasting glucose, nitric oxide (NO), and a
typical lipid marker triglyceride (TG) were determined
in plasma. The body weight and food intake were
also compared. The chronic treatment of OLZ in-
creased the average body weight compared with
that of controls. In the presence of GTE or EGCG,
the OLZ-induced increase in body weight was signi-
ficantly prevented. Furthermore, in the OLZ group,
the plasma levels of glucose, NO and TG were signi-
ficantly increased, whereas GTE or EGCG prevented
these increases. These results implicate that OLZ
may induce systematic inflammatory reaction, and
suggest that GTE or EGCG can protect against OLZ-
induced weight gain, hyperglycemia and hypertrigly-
ceridemia.
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Obesity is common in schizophrenia patients taking
antipsychotic drugs such as olanzapine (OLZ) and
clozapine, and people with schizophrenia appear to
be at increased risk for certain obesijated condi-
tions, including type 2 diabetes and cardiovascular
diseas¥.

Antipsychotic druginduced weight gain has a num-
ber of meaningful clinical implications, especially in
the longterm management of schizophrenia. In addi-
tion to its effect on general health risks, weight gain
has a major impact on the subjective acceptance of
these drugs and thus on complidtéeSecond gene-
ration antipsychotic drugs (atypical antipsychotic
agents) are gradually replacing the older generation
of antipsychotic drugs because they produce fewer
extrapyramidal effects and may be effective in allevi-
ating the negative symptoms of schizophrénia
However, second generation antipsychotic agents can
cause large increases in body weight in both adoles-
cent and adult patients, with the putative mechanisms
focusing on histamine and-tBydroxytryptamine
(serotonin; BHT) antagonism and being associated
with increases in leptin levels; clozapine and OLZ
appear to cause the most weight ¢aih In addition
to weight gain, concerns about hypertriglyceridemia
with currently available novel antipsychotic drugs
were raised in 1995 with the identification of four
cases among patients treated with clozafirRe-
cent reports have also documented a mean increase in
fasting serum triglycerides associated with both fong
and shorterm treatments with OLZ:?° Recently,
Choi et al? reported that the increased serum nitric
oxide (NO) concentration correlates significantly with
a high concentration of body fat in obese humans,
although the obesity was not induced by the drug
therapy. This interesting result might be explained by
the inhibitory effect of overproduced NO on lipopro-
tein lipase activity in lipolysis as suggested by Gau-
diot et al® and Uchideet al %,

Green tea may enhance health because it reduces
the incidence of cancer in various experimental mo-
dels, is a potent antioxidant, and modulates serum
cholesterol concentratiotfs Green tea also has ef-
fects on body weight4 and recent reports suggest
that epigallocatechin gallate (EGCG), one of the most
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abundant green tea polyphenols, significantly reducedively) than that of the CON group at the same stages.
or prevents an increase in body weight in lean andin the presence of GTE and EGCG, the @hduced
obese male and female Zucker ¥ats increase in body weight was significantly less than
Therefore, it was postulated that combined OLZ the increase in the OLZ group£0.038 andP=
treatment with GTE or EGCG would differ from 0.032, respectively). In particular, the effect of GTE
OLZ monotherapy with respect to the effects on bodywas statistically significant at early and late stages
weight and serum levels of lipid markers, nitric oxide compared (3, 6 and 27 B,<0.05 orP<0.01), wher-
and glucose. To test this hypothesis, we performed a&eas EGCG had significant effect at 27Rk{0.05)
longitudinal study of body weight and serum lipid (Figure 1).
markers in four groups of male rats. Mean food intake values among the three groups
included OLZ+GTE or OLZ+EGCG group were not
Effects of GTE or EGCG on Weight Gain and statistically differentP=0.554 orP=0.952, respecti-
Food Intake Changed by OLZ Treatment vely). Furthermore, a little higher (99.9125.60 g,
Alterations in body weight, food and water intake, median value: 99.20) without statistical significance
plasma lipid marker (TG), and inflammatory media-
tor (NO) were examined in mice treated with an atyp-

ical antipsychotic agent (OLZ), OLZ plus green tea 100+
extract (GTE), and OLZ plus EGCG, and in a control *
group treated with water (CON). —
The average weight of animals was 30.51g38) 2
before the drug administration. As shown in Figure 1, o 1
the body weight changes according to the time P
variables among the four groups were significantly %
different ?=0.022). Although the body weight at the o 25
later stages had increased in the OLZ group, the
OLZ-induced increase of body weight over the whole 0
period was not significantly differenP&0.819). At 200+ X
the late time points, the average body weight in the _
OLZ group at 18, 21 and 27 d had increased at signi- ié; 1
ficantly higher =0.041, 0.002 and 0.029, respec- & .
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Figure 1. Effects of olanzapine (OLZ) treatment and co- GTE EGCG

treatment with OLZ and green tea extract (GTE) or EGCG on

the changes of body weight. Values are shown as means Figure 2. Effects of olanzapine (OLZ) treatment and cotrea-
SD (=5 per group). P<0.05, *P<0.01vs CON group, tment with OLZ and green tea extract (GTE) or EGCG on the
#P<0.05,%P<0.01vs OLZ group. The differences in body changes in plasma levels of (A) triglyceride (TG), (B) glu-
weight changes among the total four groups@.022) and cose and (C) nitric oxide metabolites (NOx). Values are
the increases in body weight according to the time variablesshown as meansSD (n=5 per group). P<0.05, *P<
(P<0.0001) were also statistically significant. 0.01 vs CON grougP< 0.05 vs OLZ group.
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in the group treated with OLZ only, whereas it was potent antioxidait and has an effect on body wefght
similar to the control group’s intake in the other and energy expendituteEGCG, a major component
groups. Drink water intake was similar in all groups of GTE, also significantly reduces or prevents the
without significant differences (range of 2486.4 mL weight increase in Zucker ratd® In addition, our

per cage). study suggests that GTE and EGCG have inhibitory
effects on OLZinduced weight gain. Our findings
Effects of GTE or EGCG on the Plasma have great clinical implications, as no previous stud-
Levels of TG, Glucose and NOx Increased by ies have been published on the inhibitory effect of
OLZ Treatment GTE or EGCG in drugnduced obesity. If our find-

As shown in Figure 2, the plasma levels of TG, glu- ings can be replicated and applied to clinical situa-
cose and NOx were significantly increased in the tions, it would be helpful to management of schizo-
OLZ-treated groupR<0.05). In the OLZGTE and  phrenia with OLZ. Furthermore, we reported that the
OLZ-EGCG groups, the increases in plasma levels ofeffects of green tea consumption on the pharmaco-
TG, glucose and NOx were significantly less than in kinetics of the antipsychotics that cause weight gain
the OLZ group P<0.05) (Figure 2). These results like clozapiné®.
suggest that GTE or EGCG may protect from ©LZ  In this experiment, we also observed an interesting
induced weight gain, hyperglycemia and hypertrigly- behavior, in which the mice of all groups progres-
ceridemia. sively removed the foil covering placed around the

drinking bottles to protect the OLZ from light, except
for two groups. This behavior was not observed from

Discussion the beginning in OLZ with GTE and after two weeks
in groups treated with OL-EGCG. Although we

Our study is, to the best of our knowledge, the first cannot explain this observation, possible effects may
to investigate the inhibitory effects of green tea ex- be predicted from the characteristics of EGCG, which
tract (GTE) and EGCG and to evaluate the biochemi-penetrates easily through the blem@in barrier.
cal underpinnings in the context of an atypical anti- Qur results, increased triglyceride and glucose
psychotic drug, olanzapine (OLAhduced weight |evels in animals treated with OLZ, are in accordance
gain and increase of lipid marker, glucose and nitric with previous reports showing that OLZ can cause
oxide (NO) levels in ICR male mice. hyperglycemia and hypertriglyceridemia in patients

The weight gain associated with several antipsy-with schizophreni&*°. Interestingly, GTE or EGCG
chotic drugs, most notably the newer atypical com- prevented the increase of Olidduced plasma levels
pounds OLZ and clozapine (CLZ), introduces pro- of TG and glucose; in contrast with the previous re-
blems with compliance and morbidity in the treat- ports, we could not find changes in other lipid mar-
ment of schizophrenia. Although the mechanismskers (e.g., total cholesterol, low density lipoprotein,
underlying this process are not fully understood, high density lipoprotein, data not shown). Further-
some researchers have suggested that the weight gaiore, OLZ treatment induced an increase in the
may be attributable to the drug’s higtH32c and H1 ~ serum concentration of NO metabolites, as reported
antagonistic effect8?2 CLZ and OLZ have also in obese people taking no medicafiofihis increase
been shown to increase serum levels of leptin, whichin NO was completely prevented by cotreatment with
acts as a feedback signal from the adipose tissue anGTE or EGCG, as shown in Figure 2. Thus, we sug-
may play a role in the pathophysiology of obesity. gest that OLZnduced weight gain may also correlate
Leptin levels increase exponentially with body mass with an increase iim vivo NO, because the inhibition
index or percentage of body fafrhis finding was  of NO production by GTE or EGCG can promote li-
confirmed by a recent clinical stutly polysis, as suggested by Gaudivtal®. Recently, we

The extent of weight gain reported in this study is have examined the microarray technology which is
indeed worrisome. During the 27 d experiment, body widely applied to elucidate the broad mechanism of
weight increased by an average of 32.0% in micedruginduced toxicology, by profiling gene expres-
treated with OLZ monotherapy. Compared with the sjon in transcriptional and translational sc&lé%
mice given OLZ only, however, the rate of weight In conclusion, OLZ can induce weight gain and in-
gain was significantly lower in mice treated with crease serum levels of TG, glucose and NO in ani-
OLZ-GTE. Interestingly, the feeding behavior was a mals. GTE or EGCG can prevent these adverse ef-
little higher in the OLZreated group, but not differ-  fects. To verify our findings, wellesigned further
ent in other groups. investigations in clinical situations are warranted.

Recent reports have documented that green tea is a
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High-Technologies Corporation, Kobe, Japan). Plas-
Methods ma concentration (micromolar) of systemic nitric oxi-
de metabolites (NOXx) indicating the vivo inflam-
Animals matory NO production, which correlates significantly
ICR male young mice (SPF laboratory. Inha Uni- with body mass index (BMI) in humahsvas mea-
versity, Korea) weighing 30.521.69 g (range, 28:5 sured by a NADPHiependent nitrate reductase assay
32.2 g, nr=32) at the beginning of the experiment and Griess methd#?4
were used. Animals were maintained in a temperature
(22+2.0°C)-controlled room, air humidity 652.5% Statistical Analysis
with a 12h light-dark cycles, and housed eight per All statistical procedures were performed using
large cage with free access to food and water. ThisSAS (Ver. 6.12) or PRISM (Ver. 3.0) softwares. Gen-
drinking water treated for experimental groups was eral linear modeling procedures were used for the
included with OLZ, OLZ-GTE, or OLZ+EGCG. All comparison among the groups, and repeated measure
experiments were approved by the Ethical Committeeof ANOVA was used for the analysis of body weight

on Animal Experiments. increment. Bonferroni’s multiple comparison test was
performed as pogests. In addition, the significance
Experimental Procedures of the difference for food intake and feeding efficien-

Mice were randomly allocated to the four groups cy was assessed by eway ANOVA test. The signi-
described below. In general, water feeding volume officance between groups in plasma levels for lipid
one mouse was estimated as average 6.1 mL/d (4.9markers, inflammatory mediators and glucose were
7.3 mL/d). For drug treatment, thus, OLZ at concen- compared by unpaired Studertest. Statistical signi-
tration of 1.0 g/mL in water (200 mL), corresponding ficance was confirmed atRwalue < 0.05 or< 0.01.
to about 1.6 mg/kg per day (ZYPRERAEIi-Lily Co.

Ltd., Basingstroke, England) per cagesg about
200 g/kg/d per mouse) was administered to the mice Acknowledgements
every day via drinking water for 27 d. In human,
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mg (about 86820 g/kg/d). Green tea (SullocCha  from the Inha University (INHA 220581).
Pacific Co. Ltd., Jincheon, Korea) with a constant

and rich concentration of EGCG (EGCG: 5%11.4

mg/g; caffeine: 18.6-3.9 mg/g; =30 packs) was References

used to produce GTE by extracting 1 g of dry green

tea with 120 mL of water at 100 for 5min. EGCG 1. Bell, S. J. & Goodrick, G. K. A functional food pro-
purchased from Sigma Chemical Co. (St. Louis, MO, gyt for the management of weightrit. Rev. Food.
USA) was added with concentration of 80 g/mL to Sci. Nutr.42:163-178 (2002).

the OLZ. Therefore, the first group was used as the 2. Blum, W. F. Leptin: the voice of the adipose tissue.
control (CON), and the second group (OLZ) served to  Horm. Res48:2-8 (1997).

assess the effects of OLZ am vivo related values 3. Chantre, P. & Lairon, D. Recent findings of green tea

with weight gain. The third (OLZATE) and fourth extract AR25 (Exolise) and its activity for the treat-
(OLZ-EGCG) groups were used to assess the respec- ment of obesityPhytomedicin®:1-6 (2002).
tive effect of GTE and EGCG on OLiAduced alte- 4. Choi, J. Wet al.Increases in nitric oxide concentra-

rations of the related values. We determined the relat- tions correlate strongly with body fat in obese hu-
ed values with weight gain like body weight, food _ MansClin. Chem47:11061109 (2001). ,
intake, feeding efficiency, plasma levels of a typical °- Pulloo, A.G.et al. Green tea and thermogenesis:
lipid marker [triglyceride (TG)] and inflammatory interactions between catectpolyphenols, caffeine

. s ; and sympathetic activitynt. J. Obes. Relat. Metab.
medlat_or [nltrlc_OX|de (NO)],_and glucose Ievels. Disord. 24:252-258 (2000).

Individual weight was estlmated_ after fasting for 4 o Dulloo, A. G.et al. Efficacy of GT extract rich in
hr every 3d, and food and water intake per cage Was  catethin polyphenols and caffeine in increasingh24
rec_:orded from the remaining volumes every 3d, ar_1d energy expenditure and fat oxidation in humairs.
animals of all groups were killed 8 hr after the admi- 3. Clin. Nutr.70:1040-1045 (1999).
nistration on the last day. Plasma levels of the typical 7. Dulloo, A. G. & Miller, D. S. The thermogenic pro-
related marker TG (milligrams per deciliter) and perties of ephedrine/methylxanthine mixtures: hu-
glucose (milligrams per deciliter) were determined man studiesint. J. Obes10:467-481 (1986).
with automatic clinical analyzer model 747 (Hitachi 8. Eder, U.et al. Association of olanzapinsduced



Prevention of Olanzapine-induced Toxicities 131

weight gain with an increase in body fAm. J. Psy-  19. Newcomer, J. Wet al. Abnormalities in glucose re-

chiatry 15817191722 (2001). gulation during antipsychotic treatment of schizo-
9. Gaudiot, Net al. Modulation of white adipose tissue phrenia Arch. Gen. Psychiatr§9:337-345 (2002).

lipolysis by nitric oxide.J. Biol. Chem27313475 20.0sser, D. O., Najarian, D. M. & Dufresne, R. L.

13481 (1998). Olanzapine increases weight and serum triglycerides.
10. Ghaeli, P. & Dufresne, R. L. Elevated serum trigly- J. Clin. Psychiatn60:767-770 (1999).
cerides on clozapine resolve with risperidoRbar- 21. Ratzoni, Get al. Weight gain associated with olanza-
macotherapyl:382-385 (1995). pine and risperidone in adolescent patients: a com-
11. Green, A. let al. Weight gain from novel antipsy- parative prospective study. Am. Acad. Child Ado-
chotic drugs: Need for actio@&en. Hosp. Psychiatry lesc Psychiatry11:337-343 (2002).
22:224-235 (2000). 22. Remschmidt, Het al. Atypical neuroleptics in child
12. Geen, L. C.et al. Analysis of nitrate, nitrite, and and adolescent psychiatrizur. Child Adolescent
[15N]nitrate in biological fluidsAnal. Biochem126 Psychiatry9:119 (2000).
131-138(1982). 23. Uchida, Y et al. Nitric oxide mediates down regula-
13. Masand, P. S. & Gupta, S. Letagm adverse effects tion of lipoprotein lipase activity induced by tumor
of novel antipsychotics]. Psychiatr. Pract6:299 necrosis factealpha in brown adipocyteg&ur. J.
309 (2000). Pharmacol.335235243(1997).
14. Kao, Y. H., Hiipakka, R. A. & Liao, S. Modulation of 24. Verdon, C. P., Burton, B. A. & Prior, R. L. Sample
obesity by a green tea catechAm. J. Clin. Nutr. pretreatment with nitrate reductase and glued®se
72:12321233(2000a). phosphate dehydrogenase quantitatively reduces

15. Kao, Y. H., Hiipakka, R. A. & Liao, S. Modulation of nitrate while avoiding interference by NABPwhen
endocrine systems and food intake by green tea the Griess reaction is used to assay for nitAteal.

epigallocatechin gallat&endocrinology141:980-987 Biochem224:502-508 (1995).
(2000Db). 25. Wirshing, D. A.et al. Novel antipsychotics: com-
16. Melkersson, K. I. & Hulting, A. L. Insulin and leptin parison of weight gain liabilitiesl. Clin. Psychiatry

levels in patients with schizophrenia or related psy-  60:358363(1999).

chosesa comparison between different antipsychotic 26. Jang, E. Het al. Effects of green tea extract admini-

agentsPsychopharmacology54.205212 (2001). stration on the pharmacokinetics of clozapine in rats.
17. Meyer, J. M. Novel antipsychotics and severe hyper- J. Pharm. Pharmacob7:311-316 (2005).

lipidemia.J. Clin. PsychopharmacoR1:369-374 27. Ryu, J. C., Kim, M. K., Choi, M. H. & Chun, T. H.

(2001). Promising next generation technology in toxicology
18. Mitscher, L. Aet al. Chemoprevention: a review of toxicogenomicsMol. Cell. Toxicol.1:1-6 (2005).

the potential therapeutic antioxidant properties of 28. Jung, W. Wet al. Development of proteomics and

green tea and certain of its constituemied. Res. applications of proteomics in toxicologilol. Cell.

Rev.17:327-365 (1997). Toxicol.1:7-12 (2005).



