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A new high performance liquid chromatography method was developed and validated for the 

determination of quetiapine and its metabolites 7-hydroxy quetiapine and quetiapine sulfoxide in 
rat plasma. Separation was performed on a C18 column (Zorbax Eclipse Plus 4.6 mm x100 mm, 
3.5 µm particles) using a gradient elution at a flow rate of 1 mL/min. Mobile phase consisted of 
acetate buffer (10 mM, pH5) and acetonitrile. Analytes were detected with a DAD detector at 225 
nm. Carbamazepine was used as internal standard in all analyses. Plasma samples were analyzed 
after a simple, one-step protein precipitation with acetonitrile. Separation time was 15 min 
including clean-up step. The method was validated in terms of precision, accuracy, recoveries, 
matrix effect and stability. It was found to be linearin the range of 0.065-130 µg/mL for 
quetiapine, 0.086-171 µg/mL for 7-hydroxy quetiapine and 0.042-83.35 µg/mL for quetiapine 
sulfoxide. All validation parameters were acceptable. This method was successfully applied to 
quantify the concentrations of the analytes in rat plasma. 
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Sıçan Plazmasında Ketiapin ve Metabolitleri 7-Hidroksi Ketiapin ve Ketiapin 

Sülfoksit’in Tayini İçin Yeni Bir Yüksek Performanslı Sıvı Kromatografisi 
Yöntemi Geliştirilmesi ve Yöntemin Validasyonu 

 
Sıçan plazmasında ketiapin ve metabolitleri 7-hidroksi ketiapin ve ketiapin sülfoksit’in tayini 

için yeni bir yüksek performanslı sıvı kromatografisi yöntemi geliştirilmiş ve valide edilmiştir. 
Ayrım, C18 kolon (Zorbax Eclipse Plus 4.6 mm x100 mm, 3.5 µm partiküller) üzerinde ve 1 
mL/dak akış hızında gradient elüsyon kullanılarak yapılmıştır. Hareketli faz, asetat tamponu (10 
mM, pH 5) ve asetonitrilden oluşmaktadır. Analitler DAD dedektör kullanılarak, 225 nm’de 
saptanmıştır. Tüm analizlerde karbamazepin iç standart olarak kullanılmıştır. Plazma numuneleri, 
asetonitrille gerçekleştirilen tek basamaklı basit bir protein çöktürme yöntemi sonrasında analiz 
edilmiştir. Analiz süresi, kolon temizleme basamağını da içerecek şekilde, 15 dakikadır. Yöntem 
kesinlik, doğruluk, geri kazanım, matriks etkisi ve stabilite parametreleri incelenerek valide 
edilmiştir. Yöntem ketiapin için 0.065-130 µg/mL aralığında, 7-hidroksi ketiapin için 0.086-171 
µg/mL aralığında ve ketiapin sülfoksit için 0.042-83.35 µg/mL aralığında doğrusal bulunmuştur. 
Tüm validasyon parametreleri kabul edilebilir sınırlar dahilindedir. Bu yöntem, sıçan 
plazmasındaki analit derişimlerini belirlemek için başarıyla uygulanmıştır.  
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INTRODUCTION 
 

Schizophrenia, severely debilitating 
psychiatric disorder affecting approximately 
1.5% of the world’s population (1), is 
characterized by positive symptoms (e.g. 
hallucinations and delusions), disorganization, 
negative symptoms (e.g. poverty of speech, 
flat affectivity and apathy), cognitive deficits, 
mood and motor symptoms (2, 3). 

Since first generation antipsychotics were 
developed in 1950s, drug treatment has 
become widespread in treatment of 
schizophrenia (1). These drugs were effective 
in treating positive symptoms of 
schizophrenia, however they have several side 
effects, like extrapyramidal side effects (EPS) 
and tardive dyskinesia (1). At 1990s, new 
drugs which are more effective and reliable 
were developed and were approved by FDA- 
risperidone, olanzapine, quetiapine, 
ziprasidone, aripiprazole, iloperidone, 
asenapine and paliperidone palmitate (4). 
They referred to as “atypical antipsychotics” 
(4). 

Quetiapine (QTP, Figure 1) is a relatively 
new atypical antipsychotic used in the 
treatment of schizophrenia, acute mania and 
depression associated with bipolar disorder 
(5), affecting both positive and negative 
symptoms of schizophrenia with low potential 
for EPS (3, 6). It has affinity for serotonin 
5HT2A receptors, adrenergic (α1), muscarinic, 
histaminergic receptors and minor affinity for 
dopamine D2 and 5HT1A receptors and very 
low affinity for 5HT2C, α2 and D1 receptors (6, 
7). 

QTP is metabolized in liver, primarily by 
CYP3A. CYP2D6 is also responsible for 
hydroxylation of QTP (7, 8). Major 
metabolites are through sulfoxidation, N- and 
O- dealkylation and 7-hydroxylation (8). 
Quetiapine sulfoxide (QTP-SF) is a major 
metabolite of QTP, accounting for 15.1 % of 
total plasma radioactivity,and7-hydroxy 
quetiapine (7-OH QTP) is one of two active 
metabolites of QTP accounting for 5 % of 
total plasma radioactivity. QTP is rapidly 

absorbed after oral administration with mean 
time to reach maximum plasma concentration 
ranging from 1 to 2 hours following both 
single- and multiple dose administration (7). 

Several studies for analysis of QTP in 
different biological fluids (rat plasma, human 
plasma and serum, microsomal matrix) were 
reported by using liquid chromatography (3, 
9-14), liquid chromatography-mass 
spectrometry (15-25) and gas chromatography 
(26, 27). 

Davis et al. developed a HPLC method for 
the determination of QTP and its 7-
hydroxylated and 7-hydroxylated, N-
dealkylated metabolites in human plasma (9). 
The same analytes were determined in rat 
plasma and rat cerebrospinal fluid by Tu et al. 
using UPLC-MS-MS method (19). Ansermot 
et al. and Peddio et al. determined QTP and 
norquetiapine in human plasma and 
microsomal matrix, respectively, using LC-
MS methods (24, 25). Pullen et al. developed 
both HPLC and GC-MS methods for the 
analysis of QTP and 7-OH QTP in human 
plasma (26), whereas Li et al. developed 
UPLC-MS method for the analysis of QTP 
and QTP-SF in in vitro samples (17). Only 
two methods were reported for the 
simultaneous analysis of QTP, 7-OH QTP, 
and QTP-SF in biological fluids by LC-
MS/MS (28, 29). Most of these methods 
involve liquid-liquid (9, 17, 19, 28, 29) and 
solid phase (26) extraction of the analytes 
from the plasma samples prior to analysis. 
Time-consuming and expensive extraction 
procedures increase the overall analysis time 
and the cost of the analysis. Although two 
methods including protein precipitation were 
developed, the use of mass spectrometry 
detection in these methods limits their simple 
and inexpensive characteristics (24, 25). In 
this study, one of the goals was to develop a 
simple and one step protein precipitation 
procedure to extract the analytes from rat 
plasma. Higher recovery values for three 
analytes, which are more than 87%, compared 
to other HPLC/MS/MS and HPLC-DAD 
assays (9, 17, 26, 28, 29) were obtained.  
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A new, simple and specific method for 
simultaneous determination QTP and its two 
metabolites, 7-OH QTP and QTP-SF, in rat 
plasma was developed using one step protein 
precipitation procedure. 
 
EXPERIMENTAL 
 
Materials 

QTP and carbamazepine reference standards 
(>98.0% purity) were obtained from Sigma 
(St Louis, MO, USA). 7-OH QTP and QTP 
SF were purchased from Santa Cruz 
Biotechnology, Inc. (Heidelberg, Germany). 
Acetonitrile (ACN), methanol (MeOH) and 
acetic acid were the products of Sigma (St 
Louis, MO, USA). ACN, MeOH and water 
were of high purity HPLC grade.  

 
Instrumentation and chromatographic 
conditions 

An Agilent 1290 Infinity Binary LC system 
(equipped with a binary pump, a degasser, an 
autosampler and a thermostatted column 
compartment) was employed (Agilent 

Technologies, Waldbronn, Germany). 
Separation was obtained on a Zorbax Eclipse 
Plus C18 column (4.6 mm x100 mm, 3.5 µm 
particles) using a gradient program. Mobile 
phase consists of acetate buffer (10 mM, pH5) 
and ACN. Optimum peaks were obtained at 
35˚C column temperature at a flow rate of       
1 mL/min with an injection volume of 10 µL. 
UV detection was monitored at 225 nm. 
 
Preparation of stock solutions, calibration 
standards and quality control samples 

1.30 mg/mL QTP, 1.71 mg/mL 7-OH QTP 
and 1.67 mg/mL QTP-SF stock solutions in 
MeOH were prepared individually. Aliquots 
of these stock solutions were mixed and 
diluted with water and a stock solution of 325 
µg/mL QTP, 427.5 µg/mL 7-OH QTP and 
436.75 µg/mL QTP-SF was obtained. 
Working standard solutions were prepared by 
serial dilution of this stock solution with 
MeOH:water (1:1) and spiking them into 
drug-free rat plasma to obtain analyte 
concentrations in the range of 0.065-130 
µg/mL for QTP,0.086-171 µg/mL for 7-OH 

       
 

                                
Figure 1. Chemical structures of QTP (a), 7-OH QTP (b), QTP-SF (c) 
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QTP and 0.042-83.35 µg/mL for QTP-SF. 
Plasma proteins were precipitated by adding 
two fold ACN. After vortexing for 30 
seconds, solutions centrifuged at 1699 x g for 
10 minutes and clear supernatants were 
separated. All solutions were kept at -20˚C 
until analysis and all solutions were filtered 
with 0.20 µm pore sized syringe filters prior to 
analysis. 
 
Sample collection 

Adult male Sprague–Dawley rats weighing 
about 250–350 g were obtained from the 
Laboratory Animal Center at Anadolu 
University. Rats were housed in a 
temperature-controlled laboratory and 
maintained under a 12 h light–dark cycle with 
free access to food and water at the beginning 
of the experiments. All animal experiments 
were performed in accordance with the 
principles of animal use and care approved by 
the ethical committee of Anadolu University 
(Approval File No. 22/2012). The rats were 
anesthetized with urethane (1.5 g/kg) by intra-
peritoneal (i.p.) injection and remained 
anesthetized throughout the experimental 
period (30). Tail vein was used for blood 
collection. 5 rats were used in the experiment 
and 50 mg/kg QTP in DMSO was given by 
i.p. injection. Following the dose, 0.2 mL 
blood was collected at 1.5 h following the 
administration of QTP. After the sampling, 
0.2 mL SP was administered to sustain 
isotonic fluid balance. 
 
Sample preparation 

Collected rat blood was centrifuged at 1699 
x g for10 minutes at 25oC. 600 µL ACN was 
added to 300 µL clear supernatant to 
precipitate plasma proteins and vortexed for 
30 seconds. Mixture was centrifuged at 1699 
x g for 10 minutes. Clear supernatant was 
separated and all samples were kept at -20oC 
until the analysis. Prior to analysis the samples 
were kept at room temperature and filtered 
with 0.20 µm pore sized syringe filters. 
 
RESULTS AND DISCUSSION 
 
Method optimization 

A Zorbax Eclipse Plus C18 column (4.6  
mm x100 mm, 3.5 µm particles) was used for 

all experiments. Different mobile phases 
including water, ACN and MeOH were 
evaluated and the best retention time and peak 
shape results were obtained with water:ACN 
mixture. A buffer was needed to improve peak 
morphology. Phosphate buffer was tested at 
pH3, pH5, pH6, pH7, pH8 and acetate buffer 
at pH4 and pH5. Acetate buffer at pH5 was 
selected because of optimum peak shapes and 
resolution. Then, it was tested at the 
concentrations of 10 mM and 20 mM. Finally 
the mixture of acetate buffer (10 mM, pH5) 
and CAN was decided as mobile phase. A 
gradient program was used to protect column 
from plasma impurities and to decrease the 
analysis time (Table 1). In order to improve 
resolution, different column temperatures 
between 25oC-45oC and flow rates between 
0.45-1mL/min were tested. The best peak 
shapes with short analysis time were obtained 
when the column temperature was set at 35˚C 
and flow rate as 1 mL/min. 

Maximum UV absorbances for the analytes 
were obtained at 225 nm. Therefore analyses 
were performed at this wavelength. 

Aripiprazole, bupropion HCl, carbamazepine 
and atomoxetine were tested as internal 
standard. Carbamezapine was chosen because 
of its proper retention time with no peak 
overlap. 

Method was validated in terms of precision, 
accuracy,specificity, recoveries, matrix effect 
and stability in accordance with bioanalytical 
validation guidelines (31, 32). Peak area ratios 
of the analytes to that of the IS were used 
while evaluating data. 

 
Linearity 

Calibration solutions were prepared by 
diluting a solution containing 325 µg/mL 
QTP, 427.5 µg/mL 7-OH QTP and 436.75 
µg/mL QTP-SF. Rat plasma samples were 
spiked with these solutions and analyzed as 
described above. GraphPad Prism v6.0 
program was used to generate linear 
regression equations for the calibration 
curves. The method was found to be linear in 
the concentration range of 0.065-130 µg/mL 
for QTP, 0.086-171 µg/mL for 7-OH QTP and 
0.042-83.35 µg/mL for QTP-SF. Statistical 
data are shown in Table 2. LLOQ, defined as 
the lowest concentration of the calibration 
graph with acceptable accuracy (RSD and bias 
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% less than 20 %) (31), was found to be 
0.065, 0.086 and 0.042 µg/mL for QTP, 7-OH 
QTP and QTP-SF, respectively, in rat plasma.  

 

 
Accuracy and precision 

The intra- and inter-day assay precision and 
accuracy results were evaluated using three 
different concentrations of the analytes. Three 
quality control (QC) samples were prepared as 

described above to obtain the concentrations 
of 1.625 µg/mL QTP, 2.138 µg/mL 7-OH 
QTP, 2.084 µg/mL QTP-SF; 8.125 µg/mL 
QTP, 10.69 µg/mL 7-OH QTP, 10.42 µg/mL 

QTP-SF and 65 µg/mL QTP, 85.50 µg/mL 7-
OH QTP, 83.35 µg/mL QTP-SF. % Relative 
standard deviation and % recovery values 
were calculated and shown in Table 3. The 
intra- and inter-day assay  

  

a 

b 

 

Figure 2. Chromatograms of blank plasma (a), 1.625 µg/mL QTP, 2.138 µg/mL 7-OH QTP 
and 2.084 µg/mL QTP-SF spiked plasma (b) (The concentration of IS is 360 µg/mL) 

 

Table 1. The gradient elution program of the method 
 
Minute %B 
0 35 
2 35 
3.5 55 
5.5 55 
7 70 
8 70 
10 35 
15 35 
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Specificity 
Specificity was indicated by comparing the 

chromatograms of blank rat plasma and rat 
plasma spiked with the analytes. The peaks of 
analytes were separated well and no 
interference was observed at retention times 
of the analytes. Chromatograms of blank 
plasma and rat plasma spiked with 1.625 
µg/mL QTP, 2.138 µg/mL 7-OH QTP and 
2.084 µg/mL QTP-SF under described 
conditions are shown in Figure 2. 
 
Stability 

Stability of the analytes were indicated with 
two different concentrations, 1.625 µg/mL 
QTP, 2.138 µg/mL 7-OH QTP, 2.084 µg/mL 
QTP-SF and 8.125 µg/mL QTP, 10.688 
µg/mL 7-OH QTP, 10.419 µg/mL QTP-SF. 
Solutions were prepared by spiking rat plasma 
with the analytes as described before. 
Analyses were performed after storing 
solutions under three different conditions: at 
room temperature for 24 hours, at -20oC for 2 
weeks and after 3 cycles of freeze- thaw. 
Results are shown in Table 4. All results for 
the stability of the analytes were found 
acceptable.  

 
Matrix effect 

The matrix effect was evaluated by 
comparing the peak responses of analytes 
dissolved in blank sample extracts (the final 
solution obtained from blank rat plasma after 
protein precipitation) with those of standard 
analyte solutions as references (33). For 
standard solutions, 150 µL water and 300 µL 
ACN were added to 300 µL stock solution, 
the solution was vortexed for 30 seconds and 

filtered with 0.20 µm pore sized syringe filters 
prior to analysis. For plasma solutions, drug-
free plasma sample was precipitated with two 
fold ACN, vortexed for 30 seconds, 
centrifuged at 1699 x g for 10 minutes and 
supernatant was separated. 150 µL clear 
supernatant and 300 µL ACN were added to 
300 µL stock solution, the solution was 
vortexed for 30 seconds and filtered with 0.20 
µm pore sized syringe filters prior to analysis. 
Both standard and plasma samples were 
prepared at two concentrations; 1.625 µg/mL 
QTP, 2.138 µg/mL 7-OH QTP, 2.084 µg/mL 
QTP-SF and 8.125 µg/mL QTP, 10.688 
µg/mL 7-OH QTP, 10.419 µg/m LQTP-SF. 

As seen in Table 5, the peak area ratios for 
the post-spiked standards versus references at 
the QC concentrations were within the 
acceptable limits (85–115%) and no matrix 
effect was observed. 

 
Method application 

The concentrations of unbound analytes in 
rat plasma were determined by administrating 
50 mg/kg QTP to five individual rats and 
collecting rat plasma samples after 1.5 hours. 
Data for the concentrations of QTP and its 
two metabolites in rat plasma are presented in 
Table 6. Plasma levels were in the range of 
140.96-587.13 ng/mL for  QTP,373.32-909.87 
ng/mL for 7-OH QTP and 91.62-179.82 
ng/mL for QTP-SF. Plasma levels of 7-OH 
QTP and QTP-SF for rat 3 and plasma level 
of QTP-SF for rat 2 were lower than LLOQ 
values. 

 
 
 

Table 2. Statistical data for the linearity of QTP, 7-OH QTP and QTP-SF in rat plasma 

Parameters (Units)n=8 QTP 7-OH QTP QTP-SF 
Linear Range (µg/mL) 0.065-130 0.086-171 0.042-83.35 

Slope ± SD 0.0154±0.0002 0.0156±0.0002 0.0215±0.0002 

Intercept ± SD -0.0223±0.0116 -0.0006±0.0110 -0.0058±0.0053 

Determination Coefficient (r2) 0.9988 0.9994 0.9997 

95% Confidence Limits (CL) 0.0149-0.0159 0.0152-0.0160 0.0212-0.0219 
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CONCLUSION 
 
LC is a common and powerful analytical 

technique for the determination of drugs in 
biological fluids. This HPLC method is rapid, 
reproducible and accurate to quantify QTP 
and its two metabolites, 7-OH QTP and QTP-
SF. It involves a simple plasma deproteination 
technique using one step protein precipitation 

with ACN. The procedure has minimal 
sample transfer steps and it does not harm the 
analytes. Thus, it represents an alternative 
procedure for routine therapeutic drug 
monitoring of patients treated with QTP. This 
assay was successfully applied for the analysis 
of QTP, 7-OH QTP and QTP-SF in rat plasma 
samples. 

 

Table 3. Precision and accuracy of QTP, 7-OH QTP and QTP-SF in rat plasma 

Added Conc. 
(µg/mL) 

Intra day (n=7) Inter day(n=21) 

Measured Conc. 
(mean±SD) 

     Accuracy 
(%) 

RSD 
(%) 

Measured Conc. 
(mean±SD) 

Accuracy 
(%) 

RSD 
(%) 

QTP 

1.625 1.70±0.06 104.54±3.53 3.38 1.60±0.05 98.39±3.22 3.28 

8.125 9.01±0.15 110.83±1.86 1.68 8.68±0.10 106.78±1.19 1.11 

65.00 66.21±1.15 101.86±1.77 1.74 64.51±0.83 99.242±1.28 1.29 

7-OH 
QTP 

2.138 1.91±0.04 89.26±1.81 2.03 1.87±0.04 87.66±1.68 1.91 

10.69 10.79±0.06 100.98±0.60 0.60 10.66±0.07 99.731±0.70 0.70 

85.50 91.52±0.92 107.04±1.07 1.00 90.52±0.51 105.88±0.60 0.56 

QTP-SF 

2.084 1.96±0.04 93.85±1.72 1.83 1.90±0.03 91.13±1.46 1.60 

10.42 11.27±0.11 108.12±1.07 0.99 11.36±0.04 106.232±0.39 0.36 

83.35 83.51±0.68 100.19±0.81 0.81 81.408±0.33 97.671±0.39 0.40 

 

Table 4. The stability of the analytes under different storage conditions  

Theoretical 
Concentration 
(µg/mL) 

Short-term stability 
(24 h, room temperature) 

Long-term stability 
(2 weeks, -20ºC) 

Freeze-thaw stability 
(3 cycles) 

Recovery (%) 
(mean±SD) 

RSD 
(%) 

Recovery (%) 
(mean±SD) 

RSD 
(%) 

Recovery (%) 
(mean±SD) 

RSD 
(%) 

QTP 
1.625 100.71±5.58 5.54 85.96±3.04 3.53 87.28±0.76 0.87 

8.125 90.85±1.13 1.25 90.15±1.31 1.46 88.64±2.27 2.56 

7-OH QTP 
2.138 99.71±5.24 5.26 94.28±1.54 1.64 103.37±2.92 2.82 

10.688 93.52±1.60 1.71 104.60±0.99 0.95 102.30±2.63 2.57 

QTP-SF 
2.084 106.67±2.85 2.67 92.37±1.39 1.51 85.61±1.85 2.16 

10.419 112.28±2.32 2.07 92.83±1.24 1.34 89.25±1.08 1.20 
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Oxidative stress is the state of imbalance between the level of antioxidant defence system and 
production of reactive oxygen species (ROS) and is involded in the progression of several diseases such 
as inflammation, cancer,  neurodegenerative disorders and cardiovascular diseases. It is suggested that 
plant polyphenols may act as antioxidants and therefore it has anti-cancer activities. Resveratrol (RV),  is 
a naturally occuring polyphenolic compound which is found in many plant species including grapes, nuts, 
blueberries and raspberries. Data indicated that it has anti-oxidant, anti-inflamatory and anti-cancer 
activities. But there are also some studies reported that RV has not protective effects aganist cancer. In 
this study, the cytotoxicity of RV in human breast adenocarcinoma (MDA-MB 231), human cervical 
cancer (HeLa) and Chinese hamster lung fibroblast (V79) cells were evaluated by Neutral Red uptake 
assay (NRU) and MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assays after 
incubation at 24 h. We obtained more or the less same results by two cytotoxicity assays. In the 
concentrations between 2-400 µM, RV seemed not to induce a pronounced cytotoxicity in all cell types. 
Even at highest concentrations, it showed almost no cytotoxic effects. So the IC50 values were not 
calculated at the studied concentrations.  

 
Key words: Resveratrol, Cytotoxicity, Breast cancer, Cervical cancer, MTT assay, NRU assay.  

 
Resveratrolün Farklı Hücre Hatlarında MTT ve NKA Yöntemleri ile 

Değerlendirilen Sitotoksik Etkileri 
 

Oksidatif stres, reaktif oksijen bileşiklerinin üretimi ile antioksidan savunma sistemlerinin dengesinin 
bozulmasını tanımlayan bir terimdir. Oksidatif stres, inflamasyon kanser, nörodejeneratif bozukluklar ve 
kardiyovasküler hastalıklar gibi birçok hastalığın gelişmesinde rol oynamaktadır. Bitkisel fenolik 
bileşiklerin antioksidan etkili oldukları ve bu nedenle anti kanser etkileri oldukları öne sürülmektedir. 
Resveratrol (RV), üzüm, fındık, yaban mersini ve ahududu gibi pekçok bitkisel üründe bulunan, doğal 
olarak oluşan polifenolik bir bileşiktir. RV’nin antioksidan, antiinflamatuvar ve antikanser etkileri olduğu 
gösteren çalışmalar bulunmaktadır. Ancak RV’nin özellikle kanserin önlenmesinde koruyucu etkilerinin 
olmadığını da iddia edilmektedir. Bu çalışmada, insan meme adenokarsinoma (MDA-MB 231), insan 
servikal kanser (HeLa) ve Çin hamster akciğer fibroblast (V79) hücrelerinde RV’nin sitotoksik etkileri, 
24 saat inkübasyon sonrasında Nötral Kırmızı Alım (NKA) ve 3-(4,5-dimetiltiyazol-2-il)-2,5-
difeniltetrazolyum bromür (MTT) yöntemleri ile değerlendirilmiştir. Her iki sitotoksisite yönteminde de 
benzer sonuçlar elde edilmiştir. 2-400 µM aralığında, RV’ün tüm hücre tiplerinde belirgin bir sitotoksik 
etkisi olmadığı görülmüştür. Hatta en yüksek konsatrasyonlarda bile neredeyse hiç sitotoksik etkileri 
olmamıştır. Bu nedenle IC50 değerleri, bu konsantrasyonaralığında hesaplanamamıştır. 
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