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Article 
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Abstract: This study examines the impact of Phα1β, a spider peptide derived from the venom of 
Phoneutria  nigriventer, on the Kv11.1 potassium channel in HEK293 cells that have been 

transfected with the human ERG channel. Phα1β is known to inhibit high voltage calcium channels 

and function as an antagonist of the TRPA1 receptor, both of which play crucial roles in pain 

transduction pathways. Over the past 15 years, our research has demonstrated the potential of 

Phα1β, in both its native and recombinant compound form, as a promising analgesic drug through 

pre-clinical tests conducted on rodent pain models. Regulatory agencies require the evaluation of 

new drugs on human ERG channels, necessitating our investigation. To assess hERG channel 

inhibition, we utilized the FLIPR® Potassium Assay, a commercially available kit. The assay 

involved testing the effects of Phα1β, along with the well-established hERG channel blocker 

dofetilide, serving as a positive control. Phα1β was tested at concentrations of 56, 225, 450, and 900 

pMol, resulting in a discrete inhibition of hERG channel activity at higher concentrations, 

approximately 13.47%, with an IC50 value exceeding 900 pMol. Dofetilide, administered at 

concentrations ranging from 0.0001 to 10 µM, displayed a concentration-dependent inhibition of the 

hERG channel, with a mean IC50 value of 0.1642 µM (0.1189 – 0.2282 µM). To evaluate cytotoxicity, 

HEK293-hERG cells were exposed to Phα1β concentrations of 56, 225, 450, and 900 pMol for a 
duration of 24 hours, resulting in no significant alteration in cell viability. Consequently, our 

findings indicate that even at high concentrations, Phα1β does not impede the functionality of hERG 
channels nor affect cell viability. 

Keywords: Phα1β; analgesic; dofetilide; Kv11.1 potassium channel; hERG channel interaction; 

HEK293-hERG; cells viability 

Key Contribution: We described the evaluation of the recombinant Phα1β peptide and dofetilide 
(hERG channel inhibitor), interaction with the KV11.1 potassium channel in HEK293 cells 

transfected with the human ERG channel using a thallium-sensitive fluoresce-based assay of the 

commercial kit FLIPR® Potassium Assay 

 

1. Introduction 

In the last two decades, considerable research has focused on N-type calcium channel inhibitors 

to develop novel analgesic drugs [1]. The ω-conotoxin MVIIA, derived from the snail Conus magnus, 

underwent synthesis resulting in the compound known as ziconotide, which is commercially 
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available under the name Prialt®. Ziconotide is a selective, reversible, and potent blocker of N-type 

high-voltage-sensitive calcium channels, HVCCs [2] and is an efficient agent for pain control, 

however the drug produces maximal analgesia at doses near to its toxic dose causing severe side 

effects. Ziconotide (Prialt®) was developed as a first-class analgesic drug for neuropathic pain. Yet, 

the narrow therapeutic window and the adverse effects of ziconotide limit its clinical use in patients 

[3–5]. Pharmacological management of severe chronic pain is difficult to achieve with currently 

available analgesic drugs, and remains a large unmet therapeutic need [5]. Currently, neuropathic 

pain management is unsatisfactory and remains a challenge in clinical practice [6] and the search for 

new effective and safe analgesic drugs is imperial. 

Animal venoms represent a rich source of novel drugs. Phα1β, a spider peptide purified from 
the venom of Phoneutria nigriventer [7], demonstrates inhibitory effects on high voltage calcium 

channels (HVCCs) [8], with a specific preference for N-type channels. Additionally, it acts as an 

antagonist of the TRPA1 receptor, a significant pathway involved in pain transduction [9]. The dual 

activity of Phα1β, both in its native and recombinant forms, on both TRPA1 channels and HVCCs 
suggests a potential advantage. This dual action could potentially broaden its efficacy in various pain-

related conditions [10,11]. 

Pharmaceutical companies embark on the development of new drugs by first conducting pre-

clinical tests on animals. These tests serve the purpose of demonstrating the drug's efficacy in 

combating the targeted disease and subsequently assessing its safety profile. Thus, our research 

group has compared the analgesic and side effects of native and recombinant Phα1β with ω-

Conotoxin MVIIA (ziconotide, Prialt®), administered intrathecally, in several rodents models of pain, 

including neuropathic pain [12,13]. The obtained results indicated that native and the recombinant 

Phα1β had a higher analgesic profile than ziconotide [14,15] and more importantly, its analgesic 

property was associated with fewer side effects [13]. Notably, it was also observed that Phα1β 
potentiated the analgesic effect of morphine, reducing the adverse effect of the opioid in neuropathic 

pain treatment in rodents [12], enabling its use as an adjuvant drug to morphine in the treatment of 

pain. We also investigated the effects of Phα1β recombinant (CTK 01512-2) in the mouse model of 

experimental autoimmune encephalomyelitis (EAE) [16]. The effects of CTK 01512-2 were compared 

to those displayed by ziconotide and fingolimod, a drug employed for multiple sclerosis (MS) 

treatment. The intrathecal (it) or intravenous (iv) administration of the recombinant Phα1β reduced 
the EAE-elicited by Multiple Sclerosis-like symptoms similarly to that seen in animals that received 

fingolimod orally in MS treatment [17]. Ziconotide lacked any significant effect when dosed by 

intravenous route. Our results indicate that the recombinant Phα1β greatly improved the 
neuroinflammatory responses in a mouse model of MS with higher efficacy when compared to 

ziconotide, pointing out this molecule as a promising adjuvant for MS management [17]. 

Some of the advantages of the antinociceptive action of Phα1β over ω-conotoxin MVIIA 

(ziconotide, Prialt®) a first-class analgesic drug: 1- Phα1β presents a greater therapeutic window than 
that of ω-conotoxin MVIIA (ziconotide, Prialt®), [13]. The therapeutic window of Phα1β is  16 and 
for ω-conotoxin MVIIA (ziconotide, Prialt®) is 4 (16:4), [13]. 2-In pain relief, Phα1β induces less 
adverse effects than Conotoxin MVIIA, ziconotide Prialt®) [13]. Conotoxin MVIIA is 2.7 times more 

toxic than Ph1. The DT50 (50% of the toxic dose) for Ph1 is 788 pMmoles while Conotoxin MVIIA, 

Ziconotide Prialt® is 287 pMmol, very close to its antinociceptive action [13]. 3- Phα1β induces 
analgesia at doses far below its toxic dose while ω-conotoxin MVIIA (Prialt®) only induces analgesia 

at doses very close to the toxic dose, inducing adverse effects that limit its clinical use [5]. 4- Phα1β 
has a greater capacity to induce analgesia in an already installed nociceptive process in comparison 

to ω-conotoxin MVIIA (Prialt®) [13]. 5- Phα1β is capable of reverse morphine tolerance [18], while 

ω-conotoxin MVIIA (ziconotide, Prialt®) does not [19]. 6-The IC50 (50% of the inhibitory dose) for 

Phα1β on the release of glutamate induced by capsaicin in nerve ending is 3 times lower than the 
dose used for -Conotoxin MVIIA (Phα1β, 2.1µM and -Conotoxin MVIIA 6.2 µM) [13]. 7-Ph1 

improved neuroinflammatory responses in the multiple Sclerosis mouse model with higher efficacy 

than ziconotide [17]. 8- Astrocyte proliferation is a pathological hallmark of peripheral inflammation, 

which can be reversed by the Phα1β toxin treatment while ω-conotoxin MVIIA toxin has no effect 
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[20]. 9- In rats, intravenous administration of ω-conotoxin MVIIA decreased blood pressure while 

Phα1β recombinant intravenous induced analgesia of the neuropathic pain, causing negligible 

cardiac problems [21]. Cardiotoxicity observed during the early stages of discovery and development 

of new drugs is a very a frequent problem, and in many cases, for the early interruption of new 

candidates for drug development. The interaction of drug candidate molecule with the potassium 

channel of the human ether -a-go-go- related gene (hERG), a voltage-gated potassium channel 

involved in the repolarization of the cardiac action potential, can generate serious cardiac 

arrhythmias that may cause sudden death [22,23]. This is because blockade of the hERG -like 

potassium channel by a drug causes an increase in cardiac action potential duration, associated with 

prolongation of the QT interval of the cardiac action potential, which can result in fatal arrhythmias 

[24]. These ventricular arrhythmias are called torsades de pointes (TdP). Since the 1990's around 10 

drugs, after being approved by the regulatory agencies, had to be withdrawn from the market due to 

their cardiac toxicities resulting in sudden deaths. The best-known examples include Seldane® 

(terfenadine - antihistamine), Hismanal® (astemizole - antihistamine), Propulsid® (cisapride - 

prokinetic), Serlect® (sertindole - antipsychotic), Raxar® (grepafloxin - antibiotic), Zagam® 

(sparfloxicin – antibiotic) [25]. However, the prevalence of TdP caused by drugs is a rather rare 

phenomenon, and therefore difficult to be detected during the initial stages of development of a new 

drug. These serious side effects result from the coincidence of risk factors including exposure to a 

sufficient concentration of the drug in cardiac tissue, hERG channel blockade in addition to the 

patient's susceptibility. 

The hERG gene channel was a critical step in understanding how to develop appropriate 

methodologies to conduct pre-clinical safety pharmacological investigations. Subsequent studies 

determined that the drugs withdrawn from the market had a common feature of inhibiting hERG 

channel function. The hERG channel mediates the major external potassium current known as IKr, a 

predominant repolarization current that drives ventricular repolarization. Thus, a significant effort 

has been made to develop non-clinical strategies to assess and minimize the risk of QT prolongation 

before administering a compound to man. These rare, but very serious events, led regulatory 

agencies, academia and the pharmaceutical industry to unite and propose safety pharmacology 

studies, both in vitro and in vivo, which include the cardiovascular system as one of the systems that 

should be carefully investigated, to assess the risk/benefit ratio and eliminate, already in the early 

stages of discovery and pre-clinical development of new drug candidates with the potential to cause 

TdP. In vitro electrophysiology studies performed in CHO cells, (Chinese hamster ovary) or in HEK 

293 (human embryonic kidney) transfected with the hERG potassium channel  were considered the 

gold standard for evaluating the possibilities of drug candidate molecules interacting with the hERG 

channel and causing ventricular arrhythmia. These studies must be complemented with safety 

studies performed in vivo in rats and dogs using telemetry. Using this technique, it is possible to 

evaluate different parameters in the cardiovascular system in real time and confirm the potential 

adverse effects of a new molecule before its administration to humans [26,27]. 

The results presented for the Phα1β suggest it may have potential to become a new analgesic 
drug. The regulatory agencies, such as the Food and Drug administration (FDA) and European 

Medicine Agency (EMA), that control the registry of new drugs, have several requirements for the 

approval of a new drug. The FDA has issued guidelines (ICH S6 and S7A) that require evaluation of 

novel chemical drugs for their potential to induce QT prolongation in drug development which is an 

indicator of a serious adverse effect causing ventricular arrhythmia and which may lead to sudden 

death [28,29]. It has been estimated that almost 70% of new compounds are eliminated at early stages 

mostly due to ERG-related safety issues [30] thereby limiting the number of drugs that enter the 

development pipeline. The present study describes the evaluation of Phα1β recombinant interaction 
on the KV11.1 potassium channel in HEK293 cells transfected with the human ERG channel. For the 

hERG channel inhibition assay it we used the commercial kit FLIPR® Potassium Assay. 
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2. Results 

2.1. Evaluation of dofetilide or Phα1β interaction on the Kv11.1 potassium channel in HEK293 cells 
transfected with the human ERG channel  

Phα1β at high concentrations caused a discreet inhibition of the hERG channel activity (13.47 %) 
Figure 1A. The concentration of Phα1β that presents channel inhibition at 50% (IC50 > 900 pMol) is 

estimated to be above the concentration of 900 pMol used in the test. On the other hand, the dofetilide 

(0.0001 - 10 µM), a known hERG inhibitor, caused concentration-dependent inhibition of the hERG 

channel with a mean IC50 of 0.1642 µM (Figure 1B). 

 

Figure 1A. Concentration-response curve of Phα1β on the hERG channel by Potassium Assay Kit. The 
HEK293 cells transfected with hERG were incubated with Phα1β 56, 225, 450 and 900 pMol for 30 
minutes. Then, Flex Station 3 carried out the addition of 1 mM Thallium + 10 mM Potassium. The y-

axis is the percentage of the relative inhibition of Phα1β on the hERG channel using the SoftMax Pro 
7.1 software, (excitation 485 nm, emission 538 nm). Data analysis performed using GraphPad Prism 9 

show the IC50 > 900 pMol, for the inhibitory effect of Phα1β on the hERG channel. The data in the graph 
were expressed as mean ± standard error of the mean of three independent experiments. 
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Figure 1B. Concentration-response curve of the inhibitor dofetilide on the hERG channel by 

Potassium Assay Kit. HEK293 cells transfected with hERG were incubated with the dofetilide 0.0001 

- 10 µM for 30 minutes. Then, FlexStation 3 carried out the addition of 1 mM Thallium + 10 mM 

Potassium. The y-axis is the percentage of the relative inhibition of dofetilide on the hERG channel 

using the SoftMax Pro 7.1 software, (excitation 485 nm, emission 538 nm). Data analyzes performed 

using GraphPad Prism 9 show the IC50 = 0.1642 µMol for the inhibitory effect of dofetilide on the hERG 

channel. The data in the graph were expressed as mean ± standard error of the mean of three 

independent experiments. 

2.2. Evaluation of cytotoxicity of Phα1β on HEK293-hERG cells. 

For the cytotoxicity assay, Phα1β concentrations of 56, 225, 450 and 900 pMol used for the test 
of hERG channel inhibition assay were incubated with HEK293-hERG cells. After a 24 hours 

incubation period Phα1β did not alter the viability of the HEK293-hERG cells (Figure 2).  
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Figure 2. Assessment of viability of HEK293-hERG cells after incubation with Phα1β 56, 225, 450 and 
900 pMol for 24 hours and then cell viability assay was performed by MTT method. The y-axis 

represents the % of the cell viability for the mean ± standard error of 3 separate assays in duplicate. 

One-way analysis of variance (ANOVA) was used for statistical analysis, followed by Dunnett's test. 

The viability percentage was calculated in relation to the Vehicle control. 

3. Discussion 

Compounds that cause long QT syndrome have been discontinued in the early stages of 

preclinical development in the evaluation of safety tests [31]. In this study we evaluated the Phα1β 
effect with the hERG channel in vitro, using the HEK-293 cell line transfected with the human hERG 

channel. The interaction of Phα1β with the hERG channel was evaluated at concentrations between 
56 and 900 pMol. Dofetilide was used as a positive control in the study, which was incubated at 

concentrations between 0.0001 and 10 µM. Both compounds were maintained for 30 minutes in 

contact with the cells. To evaluate cell viability after treatment with Phα1β for the same period, the 
MTT method viability test was used. 

The results obtained in this study demonstrate that Phα1β when used in high concentrations 
between 56 and 900 pMol caused only a slight inhibition (about 13.47%) of the activity of the hERG 

channel, with its inhibitory concentration 50% (IC50) estimated to be higher than 900 pMol. On the 

other hand, at concentrations from 0.0001 to 10 µM, dofetilide inhibited the hERG channel in a 
concentration-dependent manner (maximum inhibition of 80.59 %) the activity of the hERG channel 

with an IC50 of 0.1642µM. In addition. Phα1β at a concentration of 900 pMol did not alter cell viability. 
In conclusion, based on the results obtained in this study that Phα1β in the concentrations and 
conditions tested does not interfere with the hERG channel. The inhibition observed for dofetilide in 

the hERG channel in vitro, is in accordance with tests previously performed at CIEnP and with data 

from the literature [32,33], validating the test performed. 

Traditionally, patch clamp electrophysiology has been used as the gold standard for ion channel 

studies. However, the method is a labor-intensive with low yield. Assay validation demonstrated 

that electrophysiology "gold standard" assay for studying biophysical properties and the thallium 

methodology produced equivalent results, proving to be an appropriate methodology to evaluate the 

safety of new compounds on the hERG channel [32,34,35]. The qualities of the thallium flux allow it 

to play an important role in identifying and assessing the activity of potassium channel modulators 
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[32,35]. The Potassium Channel Assay used FLIPR® Potassium Assay – Molecular Devices consists 

of a screening of potassium channel activity that allows rapid and robust assay. The test is based on 

the permeability of potassium channels to thallium [32]. The fluorogenic signal quantitatively reflects 

the activity of ion channels that are permeable to thallium and is capable of detecting modulators of 

voltage gated potassium channel expressed in mammalian cells including hERG [33]. The human 

ether-á-go-go related gene hERG encodes a voltage-gated potassium channel, which plays a critical 

role in the repolarization of the cardiac action potential [36,37]. Disruption of the hERG channel 

activity may cause QT prolongation, which might result in fatal ventricular arrhythmia such as 

Torsade de Pointes [28,32,34,35]. Technically, hERG is the name of a human gene for human ether á-

go-go-related gene that encodes the pore-forming subunit of the delayed rectifier IKr channel in 

humans. The hERG binding assay provides valuable information during drug discovery and their 

malfunction causes a variety of human diseases and represents a class of drugs that increase the risk 

arrhythmogenic QT prolongation [36,38]. In 2001, 30% of pharmaceutical drugs tested clinically were 

abandoned because of the lack of efficacy and 30% of others were also abandoned because of safety 

concerns such as cardiotoxicities including ion channel inhibition [39,40]. Drug wear in tests due to 

cardiotoxic effect and pro-arrhythmias represents a major problem in drug discovery in the 

pharmaceutical industry [41]. In the last 10 years of safety studies in the use of medicinal drugs, the 

lack of clinical and non-clinical combinations of drugs was responsible for 30% of drug suspensions. 

The classic example is terfenadine, an antihistamine, that blocked the cardiac hERG channel, causing 

fatal arrhythmia and therefore withdrawn from markets worldwide [42]. 

To improve the accuracy of preclinical cardiotoxicity, screening assays utilizing human cardiac 

myocytes isolated from human hearts were validated to predict the adverse effect of drugs [43]. This 

technology is believed to create new opportunities for the studies to reveal drug sensitivities and has 

been recommended in the revised ICH guidelines in the near future [44]. Blockade of hERG channels 

in the heart is an unintenonal side effect of many drugs and can induce cardiac arrhythmia and 

sudden death. It has become a common practice in the past few years to screen compounds for hERG 

channel activity early during the drug discovery process. The regulatory guidelines (ICHS7B) 

recommending inhibition of the delayed rectifier current (IKr), carried by human ether-a-go-go-

related gene (hERG) channels in cardiac cells (the hERG test), showed in this publication, as a ‘first 
line test for identifying compounds inducing QT prolongation. However later studies demonstrated 

that hERG channel testing alone might not be sufficient to eliminate cardiac arrhythmia induced by 

drugs that affect other cardiac ion channels [45]. Thus, following the hERG channel test of the present 

study, we will perform experiments for the in vivo effect of Phα1β in the cardiovascular system of 
rats by telemetric analysis. After, in which the development and clinical trials with Phα1β in the 
management of several conditions of pain in humans will pave the way to use Phα1β in large groups 
of patients. In conclusion the results of the present study support further advance of the preclinical 

development of Phα1β to permit its clinical studies as a new option to treat chronic pain alone or as 

an adjuvant drug in opioid treatments [46]. Further investigations are still required to assess the 

therapeutic efficacy and safety profile of Phα1β in humans. 

4. Material and Methods 

4.1. Phα1β recombinant 

Giotto Biotech® (www.giottobiotech.com) synthesized the recombinant version of Phα1β via 
Escherichia coli expression CTK-01512-2 used in the evaluation. It was purified through a proprietary 

production process, with a combination of ion exchange and size exclusion chromatography. The 

yield of the process was 0.5 mg/ml. The peptide molecular weight (Mw) was 6,045 kDa. Both the 

native and the recombinant Phα1β have the same 55 amino acids (sequence: 
ACIPRGEICTDDCECCGCDNQCYCPPGSSLGIFKCSCAHANKYFCNRKKEKCKKA). The sequence 

of the recombinant and the natural Phα1β peptides are identical, with the exception of a methionine 
added at the N terminal portion of the recombinant peptide (the addition of the starting methionine 

is a common practice in the heterologous protein expression). The purity of the recombinant toxin is 
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higher than 90% presented in an SDS PAGE assay. The inhibitory effects on the rodents nociception 

induced by native and the recombinant Phα1β were not statistically different, developing with no 
side effects [15,21]. 

4.2. Evaluation of Phα1β and dofetilide interaction on the Kv11.1 potassium channel in HEK293 cells 

transfected with the human ERG channel. 

The recombinant HEK293 cell line expressing human ERG potassium channel (ether-a- go go-

related  gene, also known as KCNH2 or Kv11.1) from BPS Bioscience, accession number NM_000238, 

growth medium 1B BPS # 79531 and thaw medium 1 # 60187 was used in this study. Cells were 

thawed and cultured according to the supplier's specifications: hERG (Kv11.1)-HEK-293 

Recombinant Cell line # 60619 and used as described. Cells transfected with the human hERG channel 

were subcultured in 96-well plates and maintained under controlled conditions for 24 h. They were 

then incubated with the probe for 1 h before adding the 30 min treatments, and in sequence read on 

the FlexStation. 

The evaluation of the interaction of Phα1β recombinant and dofetilide with the hERG channel 

used the commercial kit FLIPR® Potassium Assay (Molecular Devices) and the assay was performed 

according to the manufacturer's specifications. The kit FLIPR® Potassium Assay contains a thallium 

sensitive indicator dye. During the initial dye-loading step the thallium as acetoximethyl ester (AM), 

enters the cells by passively diffusion across the cell membrane. Cytoplasm esterase cleave the AM 

ester relieving its active fluorogenic form. A masking dye is applied extracellularly to reduce the 

background fluorescence. To activate potassium channel, the cells are stimulated with either a 

mixture of K+ and TI+ or a ligant in the presence of TI+. The increase in fluorescent signal represent 

the influx of TI+  into the cell specifically through potassium channels, representing a functional 

measurement of the potassium channel activity. For the assay, cells were plated in 96-wells, 5 x 10 4 

cells/well of the HEK   -293-cells line (BPS Bioscience), expressing human ERG Human Ether-`a-go-

go Related Gene Potassium Channel Kv11.1. After 24 hours, the plate culture medium was aspirated 

and replaced by 50 µL of calcium and magnesium free HBSS. Then, the cells were incubated with 50 
µL of the fluorescent probe present in the commercial kit, containing probenecid (Sigma-Aldrich) at 

a final concentration of 2.5 mM per well. After 1 hour of incubation at room temperature and in the 

absence of light, 25 µL of Phα1β at concentrations of 56, 225, 450 and 900 pMol or  dofetilide (Sigma-

Aldrich), hERG channel inhibitor, at concentrations of 0.0001 to 10 µM were incubated with the cells 
for 30 minutes. The stimulus buffer was added to each column through automated pipetting present 

in the FlexStation 3 equipment. Data were obtained using the SoftMax® Pro Software, at a 

wavelength of 485/525 nm. Data analysis was performed using SoftMax Pro Software and GraphPad 

Prism®. Results were expressed as percentage inhibition of the hERG channel. 

4.3. Evaluation of Phαβ on the viability of HEK-293 cells. 

The viability assay of HEK-293 cells was performed using the colorimetric MTT reduction test 

(3-(4, 5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide), through which viable cells reduce 

the MTT salt forming a formazan complex within their mitochondria, as previously described by 

Mosmann [47]. For this assay, after treating HEK-293 cells (5 x 10 4 cells/well) with Phα1β (56-900 

pMol), the culture medium was replaced with medium containing MTT (0.5 mg/mL), and the cells 

were incubated for approximately 1 hour and 30 minutes at 37 ºC ± 0.1 °C in a humidified atmosphere 

containing 5% ± 0.1% CO2. Subsequently, the MTT solution was removed and 200 µL of dimethyl 
sulfoxide was added. Absorbance was measured at 570 nm using the spectrophotometer (SpectraMax 

MiniMax 300, Imaging Cytometer, Molecular Device). Data analysis was performed using SoftMax 

Pro Software and GraphPad Prism®. The results were expressed as a percentage of viable cells in 

relation to the control (vehicle group).  

In order to reduce as much as possible deviations that may interfere with the reliability, 

traceability and reproducibility of the results, the following procedures were rigorously applied from 

experimental planning to carrying out the experiments: 1) The study was conducted as described in 

SOP B.06 and has been described in Portuguese according to POP B.02; 2) can be translated exactly 
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and completely into English; 3) The Final Report was described in Portuguese according to POP B.05 

and, if necessary, could be translated into English; 4) All reagents that were used were received and 

stored at Centro de Investigação e Estudos Préclinicos( CIEnP), as described in POP G.01 and were 

used within the expiration date indicated by the manufacturer; 5) No data was omitted for the 

calculation of means, statistical analysis and/or analysis of results; 6) The experiments were 

conducted jointly with their respective control (Reference Item) for method validation; 7) All 

information regarding the quality of cells, cell lines and/or in vitro systems used, ideal conditions for 

cultivation and maintenance, as well as factors that may change and/or influence the quality of the 

results obtained; 8) The statistical tests for analyzing the results were previously selected and are 

described in item 9. Statistical analysis: Data were analyzed using GraphPad Prism® software 

(GraphPad Software Inc., San Diego, CA, USA). The results were expressed as Mean ± Error Average 

Standard (EPM) 
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