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The road not taken

Two roads diverged in a yellow wood,
And sorry | could not travel both
And be one traveler, long | stood

And looked down one as far as | could
To where it bent in the undergrowth;

Then took the other, as just as fair,
And having perhaps the better claim,
Because it was grassy and wanted wear;
Though as for that the passing there
Had worn them really about the same,

And both that morning equally lay
In leaves no step had trodden black.
Oh, | kept the first for another day!
Yet knowing how way leads on to way,
| doubted if | should ever come back.

| shall be telling this with a sigh
Somewhere ages and ages hence:
Two roads diverged in a wood, and |—
| took the one less traveled by,
And that has made all the difference.

-Robert Frost-
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ABSTRACT

A great proportion of new chemical entities will be terminated from the clinical drug
development pipeline as a result of deficiencies in drug absorption, distribution,
biotransformation and elimination as well as potential to cause toxicity. Exposure of the liver
(and other organs) to hepatotoxins, may potentially interact with cellular constituents, causing
toxicity and various lesions. The pre-clinical assessment of hepatotoxic potential of new drug
entities and herbal compounds are investigated on a tissue, cellular and molecular level by

employing various in vitro and in vivo techniques.

The in vitro models currently available mainly involve traditional two-dimensional (2D) cell
culture techniques; however, these models lack various tissue specific properties found in
the in vivo environment. As a result, pre-clinical assessment of drug hepatotoxicity and
biotransformation still rely predominantly on in vivo animal models. To reduce the use of
animal models, more reliable and readily available in vitro models are needed, capable of
bridging the gap between the existing models and the in vivo situation. Three-dimensional
(3D) spheroid cell cultures offer higher physiological relevance than traditional 2D cell
cultures, overcoming many of the shortcomings associated with traditional 2D cell cultures.
Specifically, the dynamic micro-tissue 3D spheroid cell culture system produced in micro-
gravity bioreactors has attracted attention, although several other types of multi-cellular

spheroid systems are also currently under investigation.

This study investigated the potential of the 3D HepG2/C3A spheroid model to evaluate the
acute and sub-chronic hepatotoxic potential of a crude aqueous Xysmalobium undulatum
(Uzara) extract. Acute hepatotoxic effects were investigated in 2D and 3D HepG2/C3A cell
cultures at concentrations of 200, 350, 500, and 750 mg/kg. Parameters evaluated included
cell proliferation, glucose uptake, intracellular adenosine triphosphate (ATP) levels and
adenylate kinase (AK) release. Furthermore, sub-chronic hepatotoxicity of crude Uzara
aqueous extract was investigated during a sub-chronic 21-day study in the 3D HepG2/C3A

spheroid model as well as in Sprague Dawley rats.

The results from the in vitro study clearly indicated hepatotoxic effects and possible liver
damage following treatment with valproic acid (the positive control group) as indicated by the
growth inhibition observed, the loss of cell viability and the increased cytotoxicity as indicated
by the reduced intracellular ATP levels and increased AK levels. The results also indicated
that crude Uzara water extract had dose-dependent hepatotoxic potential, although the
effects appeared to be exaggerated in the 2D cell cultures compared to the 3D spheroid
cultures. The results was also supported by the increased in vivo levels of AST, ALT and
LDH and the slight increase in triglycerides, following treatment of the Sprague Dawley rats
with valproic acid. This is indicative of hepatic cellular damage, possibly resulting in
hepatotoxicity. Similarly, following treatment with the crude Uzara aqueous extract, results
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obtained from the in vivo Sprague Dawley model indicated moderate hepatotoxic potential.
The results confirmed the potential of the 3D HepG2/C3A spheroid model to effectively and

reliably predict the long-term outcomes of possible hepatotoxicity.

A novel 3D spheroid model for biotransformation applications was also developed, employing
the LS180 cell line and micro-gravity bioreactors. The human colon carcinoma cell line,
LS180, is often used as a biotransformation model to study inhibition and induction of
CYP450 enzymes in vitro. The new three-dimensional cell culture model combined the
dynamic rotating micro-gravity bioreactor technique with the micro-encapsulation technique,
using sodium alginate. These encapsulated LS180 spheroids have the potential to be

employed as a novel long-term culturing model for future in vitro biotransformation studies.

Key words: Biotransformation, hepatotoxicity, HepG2/C3A, in vitro models, LS180, rotating

bioreactors, Sprague Dawley, three-dimensional cell culturing.
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FOREWORD

Herewith | present the thesis entitled: -Establishing three-dimensional cell culture models to
measure biotransformation and toxicity”. The aim of this study was to establish a three-
dimensional cell culture model to evaluate the hepatotoxic potential of substances (i.e.
Xysmalobium undulatum and Valproic acid), which could compare well with in vivo models,

and to establish a novel three-dimensional bio-transformation model.

This thesis is presented in article format to comply with the necessary guidelines and
requirements for the degree Doctor of Philosophy in Pharmaceutics at the North-West
University. This thesis includes an introductory chapter, followed by two review manuscripts
of which one was published in the peer-reviewed journal -Expert Opinion on Drug
Metabolism and Toxicology” and the other review manuscript was prepared for submission to
the journal —Foxicology Mechanisms and Methods”. This is followed by three research
manuscripts, of which one has been submitted for publication in the peer-reviewed journal
—aternational Journal of Molecular Sciences” and is currently under review, another
manuscript was prepared for submission to -Biochemical Pharmacology” and the third paper
has been published in <aternational Journal of Biochemistry and Cell Biology”. | also present
a methodology manuscript prepared for submission to the peer-reviewed journal Journal of

Cell Biology”, and | conclude with a chapter advising on future recommendations.

As a PhD candidate | was responsible for all parts of the thesis presented, including
experimental design and execution, data collection and processing, interpretation of results
and preparation and writing of all manuscripts presented. All supervisors and collaborators
involved with the study and manuscripts presented are herewith acknowledged as co-
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CHAPTER 1

CHAPTER 1

INTRODUCTION AND PROBLEM STATEMENT

1. INTRODUCTION

1.1 Importance of in vitro models in drug development

It has been estimated that nearly 40% of new chemical entities are terminated from further
clinical drug development due to deficiencies in ADME (i.e. absorption, distribution,
metabolism and excretion), while toxicity adds to a further 21% of failures in the clinical drug
development process (Tingle & Helsby, 2006). Various in vitro screening models and in vivo
pre-clinical models are available to investigate drug metabolism (or biotransformation) and
toxicity properties prior to clinical trials (Tingle & Helsby, 2006; Wrzesinski & Fey, 2013).
Mammalian cell cultures have been employed since the 1940s as in vitro models for
toxicology studies (Rinaldini, 1952). These models strive to predict the outcomes expected
in humans (Wrzesinski & Fey, 2013). However, traditional two-dimensional (2D) in vitro
models do not effectively fulfil the requirements of predictability of the human situation, and
provide only limited information due to a lack of physiological relevance. Ideally, primary
human liver-derived cells should be used in metabolism related studies, however, rapid loss
of cytochrome P450 (CYP450) enzyme activity, variation between batches, as well as limited
availability of donor tissue render it inadequate (Donato et al., 2008). Furthermore, immortal
cell lines from hepatic origin in general express relatively low quantities of CYP450 enzymes
(Donato et al., 2008). Although recombinant cell lines are genetically engineered to express
human drug-metabolising enzymes, they only express a single enzyme with activity profiles
different from that of native enzymes in vivo, which is a huge disadvantage (Donato et al.,
2008).

The current gold standard in toxicology research involves in vivo studies, which are not only
complex but also costly, time consuming and ethically challenging (Soldatow et al., 2013). In
vivo animal models have ethical and moral challenges, which led to the development of the
three R's principle namely reduce, replace and refine (Wrzesinski & Fey, 2013; Baumans,
2004). Animal studies are also subject to criticism regarding the reliability thereof as they
sometimes require high doses exceeding the dosages that humans are exposed to, often
resulting in inaccuracies. Standard laboratory animals bred under controlled conditions also
do not take into account the genetic variability within the human population (Soldatow et al.,
2013). Furthermore, species differences between animals and humans may result in

differences in the expression of various membrane transporters and metabolising enzymes
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relevant in areas of drug delivery, drug toxicity, as well as drug interactions. Genomic
sequence differences between species will also give rise to differences in the tertiary

structure of proteins, and thus may affect drug-protein binding (Saboli¢ et al., 2011).

Three-dimensional (3D) cell culturing systems are being explored as novel models, capable
of more closely resembling native tissues and their physiological functions to ensure higher
physiological relevance, while at the same time bridging the gap between current in vitro and
in vivo models (Wrzesinski & Fey, 2013; Haycock, 2011; Lin & Chang, 2008).

1.2. Three-dimensional cell culture models

Traditional 2D cell culture models often lack tissue specific properties found within in vivo
organ systems, since cells within whole organisms (in vivo) form part of an intricate structure
having interactions with both neighbouring cells, as well as the extracellular matrix (ECM).
These interactions between cells and the ECM result in a complex communication network
made possible by both biochemical and mechanical signals (Lin & Chang, 2008). Due to the
fact that 2D cell models are lacking these advanced physiological functions, cells grown in
2D cannot be seen as equivalent to those present in intact organs (Wrzesinski & Fey, 2013).
In an attempt to reduce these differences and to bridge the gap between cell-based
experimental approaches, animal models and humans, 3D cell culture models are being
developed (Lin & Chang, 2008).

A variety of 3D cell culturing techniques are currently being explored and used, each offering
various advantages and disadvantages. Although tissue explants (i.e. small pieces of
excised tissue with dimensions of millimetres) that are dissected from animal models and
maintained in vitro are currently being exploited in biomedical research fields, they are
subject to strict ethical considerations, making the ease of obtaining specimens difficult (Lin
& Chang, 2008; Antoni et al., 2015). The multi-cellular 3D spheroid cell culture system has
the potential to overcome the difficulties presented by both animal and 2D cell culture models
(Lin & Chang, 2008; Wrzesinski & Fey, 2013). Different multi-cellular spheroid systems are
currently under investigation, including hanging drop cultures, non-adhesive surfaces,
spinner flasks, National Aeronautics Space Administration (NASA) rotary system, micro-
moulding, 3D scaffolds, poly(N-isopropylacrylamide) (PNIPAAm) cell sheets, pimaria dishes,
galactosylated substrates, pellet cultures, monoclonal growth and external force
enhancement (Lin & Chang, 2008; Soldatow et al., 2013).
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The 3D cell spheroid model that has been established in this study was grown in microgravity
ProtoTissue™ bioreactors developed by Wrzesinski and colleagues, as depicted in Figure 1
(Wrzesinski & Fey, 2013). These spheroids have multi-cellular arrangements that mimic the
3D architecture of tissues, with sizable cell-cell interactions such as tight junctions and
diffusion limits mimicking in vivo physiological barriers found during drug transport (Metha et
al., 2012:2). The microgravity bioreactor, capable of producing 3D spheroids, is
revolutionising mainstream in vitro cell culture work by providing better in vivo mimicking
properties than the traditional 2D cell culturing models and, although a novel concept, its

application in herb-drug interaction studies has great potential.

Figure 1: Images of multiple HepG2/C3A spheroids in a ProtoTissue™ bioreactor (a)

and 39-day old HepG2/C3A spheroids prepared for microscopy (b).

Although there are many different multi-cellular spheroid systems available, this specific
rotating bioreactor based spheroid model was chosen for this study, since it has numerous
advantages for the specific applications of this study. A comparison of the most common

multi-cellular spheroid systems available is presented in Table 1.
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Table 1:
Overview of various three-dimensional cell culture models (Calitz et al., 2018)
. . Hanging .
Sandwich Hollow Suspension Rotating
Micro-chip  Scaffolds ) drop .
culture Fibre culture bioreactors
culture
Culture Four
Culture time time less Two week week Three week  Three week Six weeks
of one week than one culture time culture culture time  culture time  culture time
week time
Good short- Good short-  Excellent Excellent
Excellent
term term short-term Short- and short-term Excellent
_ . ... shortand o
functionality  functionality functionality | ) long-term functionality short- and
ong-term
with lesser with lesser  with lesser J _ functionality ~ with lesser long-term
functiona _ i .
long-term long-term long-term it both little long-term functionality
-li
functionality  functionality functionality Y functionality
Moderate
No Little to no Moderate Advanced
No recovery recovery  No recovery
recovery of  recovery of recovery of recovery of
of in vivo of in vivo of in vivo
. in vivo in vivo . . in vivo in vivo
physiology _ _ physiolog  physiology _ _
physiology  physiology physiology physiology
y
Very high Very high Low
ery high- ery high-
. e v through- Moderate . .
High- throughput.  throughput High- High-
put. throughput.
throughput. Very easy Very easy to . throughput.  throughput.
. . Difficult ~ Very easy to
Easy to use, to use, little use, little _ Easy to use, Easy to use,
to use, use, little
little skill skill skill little skill little skill
_ _ . skill skill . .
required, required, required, _ _ required, required,
. required, required,
however little however however moderate excellent
with little excellent
versatility in little little . o versatility in ~ versatility in
versatility  versatility in
sampling versatility in  versatility in _ _ sampling sampling
in sampling
sampling sampling _
sampling
. . . Very cost Cost _ _
Expensive Expensive Expensive _ _ Expensive Expensive
effective effective
1.3. Hepatotoxicity

Xenobiotics entering the human body as part of medicinal or herbal products or dietary

supplements pose a potential risk of damaging the liver or causing liver dysfunction, leading
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to hepatotoxicity. Not only does hepatotoxicity occur with high dosage regiments, but it may
also occur when certain substances are taken within the therapeutic range (Singh et al.,
2011). The liver serves as the major site for drug bio-transformation and detoxification of
xenobiotic compounds, and this makes the liver a target for chemical toxicological effects
(Schwarz & Watkins, 2008; Singh et al., 2011). Toxic substances may cause chemically
induced liver injury, which may present as one or more of the following diseases: steatosis,
porphyria, veno-occlusive disease, cholestasis, hepatitis, granuloma, vascular lesions,
neoplasm and necrosis or apoptosis (Schwarz & Watkins, 2008; Singh et al., 2011).

Plants have been employed since ancient times for the treatment of various ailments,
however, the risk of liver injury associated with the use of these herbal medicines remain
eminent. This is because herbal medicines are generally poorly characterised in terms of
cultivation, administration, dosage, with little regulation and uncharacterised hepatotoxic
effects (Teschke & Eickhoff, 2015). Herbal hepatotoxicity is reviewed in detail in the

published manuscript presented in Chapter 2.

1.3.1. Xysmalobium undulatum as model herbal medicine

Xysmalobium undulatum (L.) W.T. Aiton (Apocynaceae), also known as Uzara, milk bush,
milkwort (Eng.); melkbos, bitterwortel (Afr.); iyeza elimhlophe, iShongwane (Xhosa); iShinga
(Zulu); is a traditional herbal medicine indigenous to sub-Saharan Africa (Kenya, Malawi,
Namibia, Angola Botswana, Zimbabwe, Tanzania, Zambia, Lesotho, Mozambique,
Swaziland and South Africa) (Bester, 2009; Schmelzer & Gurib-Fakim, 2013). Uzara is the
most widely used traditional herbal remedy in Southern Africa (Schmelzer & Gurib-Fakim,
2013). This robust geophyte herb grows approximately 0.5 - 2.0 m in height and blooms
during October until December. This plant has large, hairy and heart shaped leaves, is
almost stalkless with prominent veins and a rounded base. The plant produces cream-green
to yellowish flowers growing in small clusters around the stem (Bester, 2009; Vermaak et al.,
2014; Schmelzer & Gurib-Fakim, 2013). A characteristic trait of this plant is the tips of the
flowers that are covered in short white hair. Large fruits are also present and covered with
long curly hairs that aid as a sparachute”, improving seed dispersion (Bester, 2009; Vermaak
et al., 2014). The roots are fleshy, and have an almost carrot-like appearance with a
nauseating smell (Schmelzer & Gurib-Fakim, 2013). The roots are used in traditional
remedies and the leaves are ingested as spinach supplement, while the stems are poisonous
(Reid et al., 2006).

Traditional uses of the roots of Uzara includes the treatment of indigestion and stomach

aches, diarrhoea, dysentery, malaria, colic, headaches, sores, wounds and abscesses,
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afterbirth cramps, hysteria as well as food poisoning (Reid et al., 2006; Vermaak et al., 2014;
Van Wyk, 2011; Steenkamp et al., 2004). Active constituents identified in Uzara root include
the cardenolide cardiac glycosides uzarin (the main active constituent) and xysmalorin, and
their isomers allouzarin and alloxysmalorin.  Minor constituents are the cardenolide
aglycones uzarigenin and xysmalogenin, as well as allouzarigenin, alloxysmalogenin,
ascleposide, coroglaucigenin, corogluaucigenin,  alloxysmalogenin, ascleposide,
coroglaucigenin, corogluacigenin-3-O-glucoside, pachygenol, pachygenol-33-O-glucoside,
desglucouzarin, smalogenin, desglucoxysmalorin, uzaroside, pregnenolone and (-sitosterol
(Vermaak et al., 2014). No reports or studies related to Uzara-induced hepatotoxicity were
found, although reports did indicate a toxic digitalis-like action on the heart (Vermaak et al.,
2014).

1.3.2 Valproic acid as positive control for hepatotoxicity studies

Valproic acid is an anti-convulsing drug, administered for the treatment of seizure disorders,
epilepsy, mania, and prophylactic treatment of migraine headaches. Valproic acid, or
valproate, is a branched chain organic acid that is a well-known cause of several distinctive
forms of acute and chronic liver injury (Lee et al., 2008; Vitins et al., 2014; PubChem, 2017).
Clinical and experimental studies have shown that treatment with valproic acid result in
biochemical abnormalities of the liver, which include inhibition of B-oxidation, synthesis of
fatty acids, inhibition of gluconeogenesis, synthesis urea and oxidative phosphorylation (Lee
et al., 2008).

Dosages of valproic acid administered to rodents in various chronic in vivo studies range
from 11, 21, 42, 84, 100, 168, 337, 500 to 674 mg/kg, with an oral LDs, value of 1098 mg/kg
in mice and 670 mg/kg in rats (Tong et al., 2005a; Lee et al., 2008; Vitins et al., 2014;
Drugbank, 2017). 200 to 600 mg/kg was shown to result in micro-vesicular steatosis of the
liver (Lee et al., 2008; Tong et al., 2003).

Ahmed and Siddiqgi reported in their 2006 review on anti-epileptic drugs that hepatic bio-
transformation is the main route of elimination of valproic acid, and involves glucuronidation,
B-oxidation and w-oxidation. Some patients (10-15%) on valproic acid experience a transient
elevation of liver aminotransferases. It was also reported that the levels of other liver
enzymes, including alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and y-
glutamyl transferase (GGT) may also rise in serum and that treatment may continue if this
rise in enzyme levels is moderate (two to three times the baseline levels), as long as the

patient remains asymptomatic. When hepatic effects are clinically symptomatic, it is
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recommended that the drug is discontinued immediately. It was also noted that valproic acid
therapy may be associated with hyperammonemia in the presence of normal aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and ALP levels. Idiosyncratic
hepatic toxicity because of valproic acid occurs within two to three months of therapy and
presents with reduced alertness, vomiting, haemorrhage, increased seizures, anorexia,
jaundice, oedema and ascites. Most frequently necrosis and steatosis are reported as

hepatic histopathological findings.

A single dosage of valproic acid in rats resulted in dosage dependant elevated levels of lipid
peroxidation in the plasma and liver, and is associated with oxidative stress and
mitochondrial dysfunction (Pourahmad et al, 2012). Two types of valproic acid
hepatotoxicity exist, type | is associated with dosage dependant changes in serum liver
enzyme levels and low plasma fibrinogen levels, while type Il valproic acid mediated
hepatotoxicity is characterized by microvesicular steatosis accompanied by necrosis (Tong et
al., 2005a).

Lee et al. (2008) conducted a study on the sub-chronic effects of valproic acid in mouse
livers, as idiosyncratic microvesicular steatosis can develop in the early weeks of therapy.
Valproic acid was administered at either 100 mg/kg or 500 mg/kg to male ICR mice aged
5 weeks, and valproic acid was administered over a period of 28 days by means of oral
gavage. Livers were harvested at weeks 1, 2 and 4 after initial treatment, and serum ALT,
AST activities and triglyceride levels (TG) were measured. It was found that there was a

significant increase in the TG concentration after two weeks.

1.4. Drug bio-transformation

The principal site of metabolism for the majority of drugs is the liver, with the CYP450
enzyme system accounting for 30% of the hepatic metabolic activity and more than 70% of
the intestinal metabolism (Hellum & Nilsen, 2008:466; Pal & Mitra, 2006:2136). The mucosa
of the gastrointestinal tract remains the most significant extra-hepatic site for CYP450 bio-
transformation (Paine et al., 2006:880). Various chemical reactions in the liver are
responsible for the biotransformation of drugs, which include oxidation, reduction, hydrolysis
and conjugation as a two-phased system (Liska, 1998:190; Shargel et al., 2005:320). Drug
biotransformation may be influenced by either induction and/or inhibition of the CYP enzyme
system resulting in either decreased or increased drug plasma concentrations (Bibi, 2008;
Pelkonen, 2009; Wilkinson, 2005). During induction of CYP3A4, the pregnane X receptor

(PXR), as well as the constitutive androstane receptor (CAR), are activated. Activation
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causes both CAR and PXR to homo-dimerise with the retinoid-X-receptor (RXR), forming a
heterodimer that binds with the response elements located on target genes. This prompts an
increase in the transcription of the specific gene, thus, increasing messenger ribonucleic acid
(mRNA), which in turn results in increased enzyme production and consequently an increase
in the enzyme activity (Pal & Mitra, 2006; Pelkonen, 2009; Wilkinson, 2005). This up-
regulation of CYP enzymes by certain drug modulators may have a detrimental effect on co-
administered drug substrates in terms of their bioavailability and efficacy (Wilkinson, 2005).
Conversely, inhibition of the CYP enzyme system results in the increased bioavailability of
orally administered drugs that are CYP substrates, in some instances causing heightened

adverse effects and drug toxicity (Wilkinson, 2005).

1.4.1. The need for novel biotransformation models

Withdrawal of drug candidates being developed has been estimated at 40% due to
pharmacokinetic deficiencies and disparities in biotransformation that indirectly result in
toxicity (Tingle & Helsby, 2006). Discrepancies in drug or herbal biotransformation
processes may result in the production of hepatotoxins that elicit interactions with cellular
constituents, including lipid and protein synthesis as well as ribonucleic acid (RNA) and
deoxyribonucleic acid (DNA), resulting in hepatotoxicity (Guillouzo, 1998, Singh et al., 2011).
Consequently, liver toxicity due to pharmaceuticals and xenobiotics remain a concern and is
in many instances associated with histopathological and clinical phenotypes, namely
steatosis, choleostasis and hepatitis (Driessen et al., 2013; Sirenko et al., 2016). Current
pre-clinical models used in the assessment of drug biotransformation cannot always
accurately predict in vivo biotransformation and elimination (Brandon et al., 2006).
Preliminary biotransformation studies rely strongly on the extrapolation of data obtained from
in vitro cell culture models and animal models (Nakamura et al., 2011; Sirenko et al., 2016).
Cells cultured in suspension or on solid flat surfaces in two-dimensions have long been
employed in drug discovery and, although convenient, these systems are plagued with
disadvantages resulting from discrepancies in cellular communication and culturing time
(Antoni et al., 2015; Fang & Eglen, 2017). Therefore, the development of complex systems
that can identify and effectively test potential bio-transformation remain an area of active
investigation (Sirenko et al., 2016). Novel three-dimensional cell culturing techniques
attempt to overcome the disadvantages of current in vitro models by providing a cellular
environment more closely related to the in vivo state, with the ability to more effectively
predict drug efficacy, biotransformation and toxicity prior to clinical trials (Antoni et al., 2015;
Wrzesinski & Fey, 2015; Fang & Eglen, 2017).
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2. PROBLEM STATEMENT

Various 2D cell cultures have long been used as in vitro models, while animal models have
been utilised for pre-clinical in vivo research. However, both these types of models are
afflicted by various shortcomings and restrictions. Conventional cell culture models that are
used to investigate pharmacokinetic interactions and hepatotoxicity can only provide limited
information due to a lack of physiological relevance, while the use of animal models in
scientific research causes an ethical dilemma. In addition, experimental data obtained from
animal models are not always successfully correlated to humans, and certain side effects
may not even be detectable. It is therefore clear that a need exists for new or alternative in
vitro biotransformation and toxicity screening models such as 3D cell culture systems, which

can more closely resemble the in vivo environment.

3. AIMS AND OBJECTIVES

The aims of this study are firstly, to establish a 3D spheroid cell culture model to evaluate the
hepatotoxic properties of substances and to compare the results from this model with results
from an in vivo animal study in order to identify the predictive value of the 3D cell culture
model. Secondly, to investigate the potential hepatotoxic effects of acute and chronic
administration of a crude aqueous extract of Xysmalobium undulatum in vitro and in vivo.
Thirdly, to develop a 3D spheroid culture based LS180 cells that can be used as an in vitro

model for biotransformation studies.

The specific objectives are:

e To establish the HepG2/C3A cell line as 3D spheroid cell culture by means of the
microgravity bioreactor technique, that can serve as an in vitro model for
hepatotoxicity studies.

e To prepare and chemically characterise extracts from X. undulatum by means of
ultra-high-pressure liquid chromatography (uHPLC) linked to mass spectrometry
(MS).

e To conduct acute in vitro hepatotoxicity studies in HepG2/C3A cells cultured as a
traditional two-dimensional culture, with X. undulatum crude water extract as model
compound.

e To conduct acute in vitro hepatotoxicity studies in the HepG2/C3A spheroid culture
model, with X. undulatum crude water extract as model compound.

e To conduct chronic in vitro hepatotoxicity studies in the HepG2/C3A spheroid culture

model, with X. undulatum crude water extract and valproic acid as model compounds.



CHAPTER 1

e To conduct chronic in vivo hepatotoxicity studies in the Sprague Dawley rat model,
treated with valproic acid and X. undulatum crude water extract as model
compounds.

e To compare all results from the acute in vitro traditional 2D HepG2/C3A cell culture
hepatotoxicity study with results obtained from the acute in vitro hepatotoxicity study
done in the HepG2/C3A 3D spheroid culture model.

e To compare all results from the chronic in vitro HepG2/C3A spheroid culture
hepatotoxicity study with results obtained from the chronic in vivo hepatotoxicity
study.

e To establish the LS180 cell line as 3D spheroid cell culture model by means of the

microgravity bioreactor technique.

4, STUDY OUTLINE AND STRUCTURE OF THESIS

This thesis is presented in article format to comply with the necessary guidelines and
requirements for the degree Doctor of Philosophy in Pharmaceutics at the North-West
University. A graphical representation of the project and thesis layout is depicted in Figure 2.
The review manuscripts presented in Chapters 2 and 3 serve as the literature overview for
this study. Chapter 2 presents an article entitled: “Herbal hepatotoxicity: current status,
examples, and challenges in the peer-reviewed journal’, which was published in the peer-

reviewed journal -Expert Opinion on Drug Metabolism and Toxicology’.

Chapter 3 presents a manuscript entitled: -Recent advances in three-dimensional cell
culturing to assess liver function and dysfunction: From a drug biotransformation and toxicity
perspective”, published in the journal —Foxicology Mechanisms and Methods”. For the
research manuscripts (Chapters 4, 5 and 6), a crude Xysmalobium undulatum (Uzara)
aqueous extract was prepared and characterized by means of uHPLC-MS, which was used
in the acute and chronic toxicity studies. The results from the acute studies performed in
two- and three-dimensional HepG2/C3A cell cultures is presented in the manuscript titled:
—Foxicity and anti-prolific properties of Xysmalobium undulatum water extract during short
term exposure to two-dimensional and three-dimensional spheroid cell cultures” (Chapter 4),

for submission to the peer-reviewed journal —Foxicology Mechanisms and Methods”.

Chapter 5 presents the results of the sub-chronic 28-day toxicity study on the crude Uzara
aqueous extract, in the three-dimensional HepG2/C3A cell model and the in vivo Sprague
Dawley rat model, compiled as a research manuscript prepared for submission to the journal

-Biochemical Pharmacology”. Ethical approval was obtained for the chronic in vivo toxicity
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study in the rat model, and details regarding this are supplied in Appendix H and J. The
results from a preliminary study in the three-dimensional HepG2/C3A model, conducted in
collaboration with the department of Biochemistry at the North-West University, was
published in the peer-reviewed journal -taternational Journal of Biochemistry and Cell
Biology”. 1t is titled —Gell-free DNA in a three-dimensional spheroid cell culture model: A

preliminary study”, as shown in Chapter 6.

Chapter 7 is presented in the form of a methodology manuscript prepared for submission to
the journal <fournal of Cell Biology”, and this manuscript presents the method to establish the
LS180 cell line as a novel 3D spheroid cell culture model. Finally, Chapter 8 consists of the

final conclusions from the study and recommendations for future endeavours.
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CHAPTER 2

ARTICLE PUBLISHED IN EXPERT OPINION ON DRUG
METABOLISM AND TOXICOLOGY

Chapter 2 is presented in the form of a review article published in the journal -Expert Opinion
on Drug Metabolism and Toxicology” in 2015 (doi: 10.1517/17425255.2015.1064110). The
complete guide for authors for this journal is provided in Appendix A, it is written in U.S.

English as per the journal style.
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CHAPTER 3

MANUSCRIPT PUBLISHED IN TOXICOLOGY MECHANISMS AND
METHODS

Chapter 3 is presented in the form of a review manuscript published in the journal
—Foxicology Mechanisms and Methods” in 2018 (doi: 10.1080/15376516.2017.1422580).
The complete guide for authors for this journal is provided in Appendix B, stating the
manuscript should be written in Times New Roman font according to the Microsoft Word

template file provided.
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CHAPTER 4

MANUSCRIPT SUBMITTED TO INTERNATIONAL JOURNAL OF
MOLECULAR SCIENCES

Chapter 4 is presented in the form of a research manuscript submitted to the journal
—Foxicology Mechanisms and Methods” in 2018. The complete guide for authors for this
journal is provided in Appendix B, which states that the manuscript should be written in
Times New Roman font. This chapter differs from the rest of the thesis as it is written in U.S.
English and not U.K. English. Furthermore, the data shown in the manuscript and the
certificate of analysis of the Uzara commercial product used, are presented in Appendix C

and H, respectively.
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Toxicity and anti-prolific properties of Xysmalobium undulatum water
extract during short term exposure to two-dimensional and three-

dimensional spheroid cell cultures
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5230 Odense M, Denmark.
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Krzysztof Wrzesinski, kwr@bmb.sdu.dk; Tel.:+45 50809776

Abstract

Xysmalobium undulatum (Uzara) is one of the most widely used indigenous traditional herbal remedies
in Southern Africa. Traditionally, the roots containing the cardenolide cardiac glycoside, uzarin, is
utilized in the treatment of various maladies. Although a toxic digitalis-like action on the heart has
been reported for extremely high doses, there is no hepatotoxicity or cytotoxic reports for Uzara as yet.
Commercially available Uzara plant material was used to prepare a crude aqueous extract, of which the
toxicity potential was investigated in the hepatic HepG2/C3A cell line in both traditional two-
dimensional (2D) and rotating three-dimensional (3D) spheroid cell cultures. These cultures were
treated over a period of 4 days at concentrations of 200, 350, 500, and 750 mg/kg. Basic physiological
parameters of the cell cultures were measured during exposure, including cell proliferation, glucose
uptake, intracellular adenosine triphosphate (ATP) levels and adenylate kinase (AK) release. The
results indicated that all physiological parameters monitored were affected in a dose dependant
manner, with the highest concentration of Uzara crude water extract (750 mg/kg) resulting in toxicity.
Anti-proliferating effects of Uzara crude water extract were observed in both the 2D and 3D cell
cultures, with the most pronounced effects at concentrations of 350, 500 and 750 mg/kg.
Discrepancies between results obtained from the 2D and 3D cell culture models may be attributed to

the type of repair system that is initiated upon exposure, depending on where cells are within the cell
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cycle. DNA repair systems differ in cells within the G1 phase and non-diving cells, thus cells found

predominantly in 3D and the in vivo situation.

Keywords: C3A, Cell culturing, Hepatotoxicity, Herbal medicine, Spheroid, Three-dimensional cell

culture, Uzara, Uzarin.

1. Introduction

Traditional herbal medicine remains a popular means of treating various ailments in developing and
developed countries (Rivera et al., 2013; Hosseinzadeh et al., 2015). An estimated 75% of Africa‘s
population still consult traditional healers and rely on traditional herbal medicine to meet their health
care needs (Taylor et al., 2001; Holmes, 2015; Marais et al., 2015). The popularity of traditional
herbal medicines can be attributed to the patient's ideologies, cultural beliefs and religion. In certain
instances, traditional herbal medicine is more accessible and affordable than available western
medicine. Furthermore, an unsupported perception exists that herbal medicine offers safer and more
effective treatment (Taylor et al., 2001; Vermani & Garg, 2002; Fennell et al., 2004; Cordier &
Steenkamp, 2011). It is true that certain traditional herbal medicines have been proven to be
pharmacologically active, contributing to the establishment of new lead compounds. However, due to
poor or no regulation and lack of chemical characterization of these traditional herbal medicines,
toxicity and herb-drug interactions remain a critical problem and is rarely documented (Vermani &

Grag, 2002; Cordier & Steenkamp, 2011; Singh et al., 2011; Teschke & Eickhoff, 2015).

One of the most widely used traditional herbal medicines in Southern Africa is Xysmalobium
undulatum (L.) W.T. Aiton (Apocynaceae) known as Uzara, or alternatively milk bush, milkwort
(Eng.); melkbos, bitterwortel (Afr.); iyezaelimhlophe, ishongwane (Xhosa); iShinga (Zulu). Uzara is a
traditional herbal medicine indigenous to sub-Saharan Africa (Bester, 2009; Schmelzer & Gurib-
Fakim, 2013). This almost stalkless robust geophyte grows 0.5 - 2.0 m in height, has large, hairy and
heart shaped leaves, and produces cream-green to yellowish flowers growing in small clusters around
the stem (Bester, 2009; Schmelzer & Gurib-Fakim, 2013; Vermaak et al., 2014). The roots are fleshy,
having an almost carrot-like appearance with a nauseating smell (Schmelzer & Gurib-Fakim, 2013).
Although the stems are poisonous, Uzara roots are used in traditional remedies while the leaves are
ingested as spinach supplement (Reid et al., 2006). Traditional uses of either a water decoction or
poultice, depending on application, include the treatment of indigestion and stomach aches, diarrhoea,
dysentery, malaria, colic, headaches, sores, wounds and abscesses, afterbirth cramps, hysteria as well
as food poisoning (Steenkamp et al., 2004; Reid et al., 2006; Van Wyk, 2011; Vermaak et al., 2014).
The chief pharmacologically active constituents from Uzara root include the cardenolide cardiac

glycosides uzarin (5.6%), xysmalorin (1.5%) and the isomers allouzarin (0.4%) and alloxysmalorin
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(0.1%). Minor constituents are the cardenolideaglycones uzarigenin and xysmalogenin, as well as
allouzarigenin, alloxysmalogenin, ascleposide, coroglaucigenin, corogluaucigenin, alloxysmalogenin,
ascleposide, coroglaucigenin, corogluacigenin-3-O-glucoside, pachygenol, pachygenol-3p3-O-
glucoside, desglucouzarin, smalogenin, desglucoxysmalorin, uzaroside, pregnenolone and B-sitosterol
(Vermaak et al., 2014). No hepatotoxicity has been reported for Uzara in literature, but a toxic
digitalis-like action on the heart has been reported when administered in extremely high concentrations
(Vermaak et al., 2014). Since the liver is the major site for xenobiotic bio-transformation and

detoxification, hepatotoxicity is specifically of concern.

The current gold standard in in vitro pre-clinical drug screening and hepatotoxicity testing remain
primary hepatocytes or hepatocyte cell lines, grown on static flat surfaces formally known as
traditional two-dimensional culture (2D) (Davila et al., 2007; Wrzesinksi et al., 2014; Bell et al.,
2016). However, when considering drug discovery and development to discern possible
hepatotoxicity, one wishes to implement an experimental model that best mimics the in vivo
environment of man (Edmondson et al., 2014; Antoni et al., 2015; Breslin & O*Driscoll, 2016; Fang &
Eglen, 2017; Lelievre et al., 2017). Organs such as the liver boast a unique three-dimensional cellular
architecture where various cells interact with each other as well as the extracellular matrix, creating a
complex communication network through biochemical and mechanical signals. More recently, many
publications have shown proof of concept that three-dimensional cell culturing (3D) is revolutionizing
the evaluation of herb-drug interactions and toxicity owing to the models™ improved correlation to this
in vivo environment (Fey & Wrzesinski, 2012; Breslin & O *Driscoll, 2013, 2016; Calitz et al., 2018;
Wrzesinski & Fey, 2018).

There are a few important and distinct differences between 2D, 3D cell culturing and the in vivo
situation that should be mentioned. Due to the unnatural two-dimensional environment of cells in 2D,
the metabolism and biochemical features are altered, possibly influencing pharmacological drug
responses (Baker & Chen, 2012; Werner et al., 2017; Langhans, 2018). Also, differences in cell
morphology and geometry affects the cell cytoskeleton responsible for the regulation of gene and
protein expression, prompting cellular and physiological response and functionality (Lee et al., 2008;
Baker & Chen, 2012; Wrzesinski et al., 2014; Langhans, 2018; Wrzesinski & Fey, 2018). Finally,
definite differences exist in the cell cycle kinetics and proliferation rates and event events like
apoptosis of cells grown in 2D versus 3D. Cell aggregates grown in 3D, most often spheroids, are at
various growth stages and found within different cellular layers. The latter supports native
physiological shape and morphology, which in turn enhances cell-cell regulatory mechanisms and
biochemical and mechanical signalling systems (Wrzesinski et al., 2014; Yono et al., 2015; Brasja et
al., 2016; Calitz et al., 2018; Wrzesinski & Fey, 2018). These critical differences between 2D and 3D

models culminate in discrepancies towards drug responses within these systems, suggesting that 3D
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models may be able to provide a more accurate representation of how a specific organ could react. (Lin
& Chang, 2008; Baker & Chen, 2012; Fey & Wrzesinski, 2012; Page et al., 2013; Brasja et al., 2016;
Breslin & O Driscoll, 2016; Duval et al., 2017; Calitz et al., 2018; Wrzesinski & Fey, 2018).

Various types of 3D cell culture models are currently available and being explored, including forced-
floating devices, hanging drop cultures, agitation-based spheroid cultures, matrices, scaffolds and
microfluidic cell culture platforms (Breslin & O‘Driscoll, 2013; Calitz et al., 2018). The choice of
system depends on the hypothesis stated, as not one system is superior to the other and each offers
various advantages and disadvantages (Calitz et al., 2018). The dynamic micro-gravity spheroid 3D
cell culture model developed by Wrzesinski and colleagues, exhibited the ability to overcome many of
the shortcomings of traditional 2D cell cultures. These spheroids are produced using microwell plates,
capable of producing large numbers of size-controlled spheroids (Fey & Wrzesinski, 2012a; Razian et
al., 2013; Fey & Wrzesinski, 2013; Wrzesinski et al., 2013; Wrzesinski et al., 2014; Aucamp et al.,
2017; Wrzesinski & Fey, 2018). Spheroids produced from these microwells can then be grown in
micro-gravity rotating bioreactors for a period of 42 days, while still exhibiting stable physiological
functionality comparable to values within the liver (Wrzesinski & Fey, 2013; Wrzesinski et al., 2013;
Wrzesinski et al., 2014; Wrzesinski & Fey, 2018). Due to the low and equal shear forces found within
the micro-gravity bioreactors, spheroids of uniform size are maintained (standard deviation of 21%)
while increasing nutrient and gas exchange (Wrzesinski & Fey, 2013; Wrzesinski et al., 2013;
Wrzesinski et al., 2014; Wrzesinski & Fey, 2018).

This model has also proven to be able to predict drug toxicity of well-known hepatotoxic compounds,
including acetaminophen, diclofenac, metforminand valproic acid, more comparable to published in
vivo data than the 2D cultures (Fey & Wrzesinski, 2012a; Fey & Wrzesinski, 2013; Wrzesinski & Fey,
2018). Furthermore, Wrzesinski and colleagues (2014) determined that spheroids grown in a 3D
environment differ in terms of structure as well as metabolic capabilities when compared to their 2D
counterparts. The latter correlates well to previous observations stating that these spheroids are able to
mimic physiological responses similar to those found within the intact human liver. Similar
observations have been made by others employing 3D cultures in toxicological evaluation of drugs
(Calitz et al., 2018). Recently, it was established that HepG2/C3A spheroids grown in these micro-
gravity bioreactors had accumulation of cells in the G1/GO phase of the cell cycle, similar to in vivo
tumour cells and healthy counterparts (Wrzesinski & Fey, 2018). The latter results in an increase of
intracellular ATP within these spheroids, influencing the spheroids™ ability to “cope” with xenobiotic

onslaughts.
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This study aimed to investigate the potential toxic and anti-prolific effects of a crude aqueous extract
prepared from commercially available Xysmalobium undulatum (Uzara) plant material. To determine
possible hepatotoxic events in the 2D HepG2/C3A model, as well as the 3D spheroid model, we
evaluated cell growth, intracellular ATP and extracellular AK levels. The results obtained from these
2 models was then compared to determine their suitability and comparability in predicting possible

herbal hepatotoxicity.

2. Materials and Methods

2.1 Preparation of the Uzara crude aqueous extract

Milled Xysmalobium undulatum (Uzara) plant material was purchased from Afrinatural holdings
(Prestige laboratory supplies, Mt Edgecombe, Johannesburg). A crude aqueous extract was prepared
by forming a suspension of Uzara plant material powder in water, in a 1:10 product to water ratio. The
suspension was sonicated in a Eumax ultrasonic bath at 45°C for 45 min, and subsequently centrifuged
for 10 min at 5000 xg. The supernatant was collected while the pellet was re-suspended in 100 mL
water, sonicated and centrifuged to collect the supernatant again. The collected extract was filtered
and frozen overnight at -80°C and then lyophilised on a Virtis freeze dryer (SP Scientific, Gardiner,
New York).

2.2 Liquid Chromatography-Mass Spectrometry (LC-MS) characterisation of Uzara crude

aqueous extract

Ultrahigh-pressure liquid chromatography (UPLC) analysis of the Uzara crude aqueous extract was
performed on a Waters Acquity Ultra Performance Liquid Chromatographic system with PDA detector
(Waters, Milford, MA, USA). UPLC separation was achieved on an Acquity UPLC BEH C18 column
(150 mm x 2.1 mm, id., 1.7 um particle size, Waters) maintained at 40°C. The mobile phase
consisted of 0.1% formic acid in water (solvent A) and acetonitrile (solvent B) at a flow rate of 0.3
ml/min; a gradient elution was as follow: 85% A: 15% B to 65% A: 35% B in 10 min, changed to 50%
A: 50% B in 0.5 min, keeping for 1 min and back to initial ratio in 0.5 min. The running time was 12
min. The samples were injected in the mobile phase with an injection volume of 1.0 ul (full-loop
injection). Mass spectrometry was operated in positive ion electrospray mode. N, was used as the
desolvation gas. The desolvation temperature was set to 250°C at a flow rate of 600 l/hr and the
source temperature was 100°C. The capillary and cone voltages were set to 3000 and 40 V,
respectively. Data were collected between 100 and 1000 m/z, and processed by chromatographic
software Masslynx 4.1. The quantitative aspect of the method was validated by determining the

linearity, recovery, and limit of detection (LOD) and the limit of quantification (LOQ).
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2.3 Two-dimensional cell culturing

A clonal derivative of the hepatocellular carcinoma cell line HepG2, namely HepG2/C3A (American
Type Culture Collection [ATCC] cat. no. CRL-10741, sixth passage after receipt from ATCC,
Manassas, VA), was cultured using standard tissue culture conditions in Dulbecco®s Modified Eagles
Medium (DMEM) (1g glucose/l) (Gibco, Carlsbad, CA; Cat. no. 11880-028) with 1% non-essential
amino acids (Gibco; Cat. no. 11140-035); 10% fetal calf serum (FCS) (Sigma, St Louis, MO; Cat. no.
F 7524); 0.5% penicillin/streptomycin (Gibco; Cat. no. 15140-122) and 1% GlutaMAX (Gibco; Cat.
no. 35050-038). Cultures were incubated in a humidified atmosphere at 37°C, 5% CO, and 95% air.

2.3.1. Two-dimensional culture experimental setup

Five experimental groups were setup in 96-well plates. Cells were seeded at a density of 3000 cells
per well to measure physiological parameters, namely intracellular ATP, extracellular AK and protein
content. Experimental groups were as follows: crude Uzara aqueous extract at 200 mg/kg, 350 mg/kg,
500 mg/kg and 750 mg/kg, and an untreated control group with normal growth medium. Drug
treatment was initiated 6 h after seeding, allowing cells to adhere; all experimental groups were treated

for 96 h.

2.4 Protein determination in 2D cell culture model

Protein content was determined using the colorimetric Bradford assay in three replicates of each
experimental group in clear flat bottom 96-well plates. Cells were treated with Uzara water extract for
96 h, with medium exchanges in 24 h intervals. Bovine serum albumin (BSA) (BioRad, Sandton,
South Africa, Cat No 500-0206) was diluted to 1 pg/ul in PBS for the reference standard. Growth
medium was removed from wells and replaced with 158 pl water. Lysis buffer (2 pl) and 40 pl colour
reagent (BioRad, Sandton, South Africa, Cat No 500-0006) were added to all wells containing
standard and samples. The plate was incubated at room temperature for 5 min. Absorption was
measured with a SpectraMax® Paradigm” plate reader (Molecular Devices Inc, Separations, Randburg,
South Africa) at 595 nm. The data was normalized with reference to a protein standard curve and the

untreated control.
2.5 Intracellular ATP determination in 2D cell culture model
Cell viability was determined based on ATP production, using the CelTiter Glo Luminescent cell

viability assay. Intracellular ATP concentration was determined in six replicates of each experimental

group, in black clear bottom 96-well plates. Cells were treated with the Uzara water extract for 96 h,
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and medium was exchanged in 24 h intervals. ATP was measured at time points 0, 4, 12 and 24 h after
each exchange. Growth medium was removed from each well and the volume adjusted to 100 pl with
PBS. The cells were then lysed with 100 pl lysis buffer (CellTiter-Glo luminescent cell viability
assay, Promega, Fitchburg, WI; Cat. no. G7571) and shaken in the dark for 40 min before the
luminescence was measured in a SpectraMax® Paradigm” plate reader (Molecular Devices Inc,
Separations, Randburg, South Africa). The data was normalized with reference to a standard curve for

ATP and the untreated control.

2.6 Adenylate kinase determination in 2D cell culture model

Adenylate kinase was measured in the growth medium (140 pl) of each experimental group in six
replicates to determine cytotoxicity, at time points 0, 4, 8, 12 and 24 h following each medium
exchange for the duration of the study, using the Lonza Toxilight assay kit (Cat No LT07-117). This
assay measures release of adelynate kinase from the mitochondria, indicating loss of membrane
integrity. Growth medium was placed in black clear bottom 96-well plates in triplicate, and diluted
with five volumes of adenylate kinase detection reagent. The plate was then incubated in the dark for
20 min before measuring luminescence using a SpectraMax® Paradigm® plate reader (Molecular
Devices Inc, Separations, Randburg, South Africa). A standard curve was prepared in the same way

for each assay plate using a dead cell standard (4.29 million C3A cells/ml lysed in lysis buffer).

2.7 Three-dimensional cell culturing

2.7.1. Spheroid preparation using AggreWell™400 plates

HepG2/C3A cell spheroids were prepared using an AggreWell™400 plate (Stemcell Technologies,
Grenoble, France; Cat. no. 27845) according to manufactures specifications and as previously
described (Fey & Wrzesinski, 2012a; Razian et al., 2013; Fey & Wrzesinski, 2013; Wrzesinski et al.,
2013; Wrzesinski et al., 2014; Aucamp et al., 2017; Wrzesinski & Fey, 2018). Wells were rinsed
twice with 1 ml Aggrewell™ Rinsing solution (Stemcell Technologies, Grenoble, France; Cat. no.
07010). Air bubbles were removed from the well surface through centrifugation for 3 min at 3000 xg.
HepG2/C3A cells were seeded into each of the wells of the AggreWell™ plate at a seeding density of
1.2 x 10°, and centrifuged for 3 min at 120 xg. Following seeding, the cells were left in the

AggreWell™ plate overnight to ensure aggregation and spheroid formation.
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2.7.2. Spheroid culture in rotating bioreactors

Spheroids were detached from the AggreWell™ by gently washing the wells with pre-warmed growth
medium. Detached spheroids were collected and the spheroid quality was evaluated using a light
microscope. Spheroids were selected based on visual quality, similar areas of compactness, as well as
equal size and roundness. Selected spheroids were placed into the rotating bioreactors system (BAM
system 4.6 CelVivo, Denmark and MC2 Biotek, Horsholm, Denmark; Cat. no. 010), approximately
300 per bioreactor, and cultivated at 37°C, 5% CO,, 95% air in a humidified incubator for 21 days

with continuous rotation of the bioreactors.

The day of spheroid removal from the AggreWell™ is referred to as day 0, and an estimated 90% of
growth medium is removed and replaced on day 3, and thereafter three times a week for a period of 21
days. The rotation speed of the bioreactors is initially set between 9 and 11 rotations per minute (rpm)
and monitored closely within the first week to compensate for cell growth. The spheroid population
density was reduced, and experimental group setup was performed on days 8 and 17, respectively (Fey
& Wrzesinski, 2012a; Razian et al., 2013; Fey & Wrzesinski, 2013; Wrzesinski et al., 2013;
Wrzesinski et al., 2014; Aucamp et al., 2017; Wrzesinski & Fey, 2018).

2.8 Experimental design

2.8.1. Three-dimensional culture experimental setup

Five experimental group bioreactors were initiated, each containing exactly 239 of the 21 day-old
spheroids that were gently pipetted into each 10 ml bioreactor before treatment, to ensure sufficient
material for analysis. Experimental groups consisted of the following: crude Uzara aqueous extract at
various concentrations (200 mg/kg, 350 mg/kg, 500 mg/kg and 750 mg/kg) as well as an untreated
control groupSpent media was removed at 24 hour intervals and exchanged with 10 ml medium
containing the crude Uzara aqueous extract at the various concentrations. Physiological parameters,
namely glucose consumption, surface area of spheroids, intracellular ATP and extracellular AK was

measured in all experimental groups for a duration of 96 h.

2.9 Glucose determination in 3D cell culture spheroid model

Growth medium samples (50 pl) for glucose determination were collected from each experimental
group at time points 0, 2, 4, 8, 12 and 24 h after medium exchange for the duration of the study.
Samples were measured using a Onetouch Vita glucose meter (MedigDanmark, Cat No 6407078) and
test strips (MedigDanmark, Cat No 6407079). The instrument was calibrated daily using a 1 mg/ml D-
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glucose standard solution (Sigma-Aldrich, Cat No G3285-5ML) and Onetouch Vita control solution
(MedigDanmark, Cat No 6407081). Measurements entailed spotting of 3 ul of each sample onto the
test strip (6 replicates for each experimental group). The glucose concentration (mmol/l) was read

immediately and noted.

2.10  Planimetry in 3D cell culture spheroid model

Photomicrographs of spheroids were taken using an Olympus IX81 motorized microscope and an
Olympus DP71 camera. Images were transferred to the Olympus AnalySiSDocu program (Soft
Imaging System) and the ,,shadow*" area of spheroids measured using the ,,Fitted Polygon Area™*

function which calculates the planar surface of the spheroids in pm®.

2.11 Intracellular ATP determination in 3D cell culture spheroid model

Spheroids from each experimental group (six replicates; 2 spheroids per assay point) were collected at
time points 0, 4, 12 and 24h after each exchange of medium, for a duration of 96 h, and transferred to
white opaque microtitre plates (Nunc, Roskilde, Denmark; Cat No 165306). Growth medium was
removed, and the volume adjusted to 100 pl with Hanks buffered saline solution without Ca** and
Mg** (Gibco, Cat No 14175-129). The cells were then lysed with 100 ul lysis buffer (CellTiter-Glo
luminescent cell viability assay, Promega, Fitchburg, WI; Cat No G7571) and shaken in the dark for
40 min before the luminescence was measured in a FLUOstar OPTIMA (BMG Labtech, Ortenberg,
Germany), using the following parameters: one kinetic window, 10 measurement cycles with 0.3 s of
measurements interval time, 2 s delay per measurement, additional 0.5 s delay per position change
(repeated twice for each measured plate). The data was normalized with reference to a standard curve

for ATP and the untreated control.

2.12  Adenylate kinase determination in 3D cell culture spheroid model

Adenylate kinase was measured in the growth medium (140 pl) of each experimental group to
determine cytotoxicity, at time points 0, 4, 8, 12 and 24 h following each medium exchange, for a
duration of 96 h, using the Lonza Toxilight assay kit (Cat No LT07-117). Growth medium was placed
in microtitre plates in triplicate, and diluted with five volumes of adenylate kinase detection reagent.
The plate was then incubated in the dark for 20 min before measuring luminescence using a FluoStar
Omega” (BMG Labtech, Ortenberg, Germany). A standard curve was prepared in the same way for
each assay plate, using a dead cell standard (4.29 million C3A cells/ml lysed in lysis buffer). Gain was

adjusted based on the highest standard curve values.
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2.13  Statistical analyses

Repeated measures ANOVA was performed on the three-dimensional cell culture data using Statistica

software version 13.2.
3. Results

3.1 Characterization and yield of the crude Uzara aqueous extract

Figure 1 shows the liquid chromatography mass spectrometry (LC-MS) chromatogram of the prepared
Uzara aqueous extract. The presence of the major active constituent, uzarin, was confirmed and
quantified (226.4 pg/mg uzarin (n = 2)). The chemical composition of the Uzara aqueous extract as
shown in the chromatogram correlates well with previously published data (Kanama et al., 2016). The
uzarin concentration in each of the experimental treatment solutions are presented in Table 1. A yield

of 30% Uzara aqueous extract was achieved.

Figure 1. LC-MS chromatogram of Uzara crude aqueous extract, indicating the presence of

uzarin and xysmalorin.
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Table 1. Concentration of uzarin (mg/kg) applied to the cell culture models in each of the

experimental treatment groups

Uzarin concentration (mg/kg)
Experimental group
applied to the cell culture models

Uzara crude aqueous extract: 200 mg/kg 45.28

Uzara crude aqueous extract: 350 mg/kg 79.24

Uzara crude aqueous extract: 500 mg/kg 113.20

Uzara crude aqueous extract: 750 mg/kg 169.80
3.2 Two-dimensional culture model

3.2.1. Protein content in the 2D cell culture model

The protein content of the cells in each experimental group was quantified at various time points as a
means to determine cell growth as a function of time, and enabled expression of intracellular ATP and
AK levels in relation to the protein content. Figure 2 depicts the average protein content per
experimental group, following treatment with Uzara crude aqueous extract. Growth inhibition was
observed for all the experimental groups treated with Uzara crude aqueous extract when the protein
content was compared to that of the untreated control group. The experimental groups treated with
200 and 500 mg/kg extract showed more sustained growth, although slower proliferation appears to
have occurred in comparison to the untreated control group. The 350 and 750 mg/kg extract treated
groups showed a greater measure of growth inhibition from time point 48 h when compared to the
untreated control group, as well as the other experimental groups. At time point 72 h, the 750 mg/kg
extract treatment induced significant growth inhibition when compared to the other groups. It is
probable that treatment with 750 mg/kg crude Uzara aqueous extract might even be significantly lower
than the control group at time point 96h, when the standard deviation of the control group is taken into
consideration, however this cannot be confirmed statistically. The untreated control group data
correlates well with previously published data, suggesting the doubling time of HepG2/C3A cells in
exponential growth to be 3 days and the optimal time for determining cellular effects is within this
time frame (Wrzesinski et al., 2014). This also suggests that experimental conditions in 2D culture

differ from day to day, and its usefulness is limited to the first 72 hours.
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Figure 2. Average protein content (ug/pl) of 2D cultured HepG2/C3A cells treated with 200, 350,
500 and 750 mg/kg Uzara crude extract in 24 h intervals, measured prior to each new dosage application

(n= 3, error bars = SD).
3.2.2. Intracellular ATP levels and AK release within 2D cultures

Data from the 2D cultures are graphically depicted in Figure 3, showing the average intracellular ATP
levels in terms of average protein content, normalized to the untreated control group. Within the first
24 h post-treatment, the intracellular ATP levels increased noticeably for three of the experimental
groups treated with the Uzara crude aqueous extract, relative to the control group. Between time point
24 and 48 h, all the experimental groups showed intracellular ATP levels similar to that of the
untreated control group. However, at time point 48 h there was an increase in the amount of
intracellular ATP for the 750 mg/kg treated group when compared to the other experimental groups
and the control group values. After 48 h, the ATP levels increased for three of the experimental
groups (i.e. 200, 350 and 750 mg/kg) with 750 mg/kg being significantly increased in relation to the
untreated control group between 72 and 96 h. The 500 mg/kg experimental group showed a slight
increase in ATP at 52 h, decreasing to values below the control at 60 h, while reaching values similar

to the untreated control from time points 72 to 96 hours.
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Figure 3. Average intracellular ATP concentration (uM) per protein content (pg/ul) for 2D
cultured HepG2/C3A cells treated with 200, 350, 500 and 750 mg/kg Uzara crude extract, normalised

to the untreated control group (n = 3, error bars = SD)

AK released from the 2D model groups are depicted in Figure 4. A slight decrease in AK released
within the first 24 h is observed for all experimental groups in comparison to the untreated control
group. At time points 28 and 32 h, all experimental groups showed AK release similar to that of the
untreated control group. After 48 h, three of the experimental groups (i.e. 350, 500 and 750 mg/kg)
again showed a slight increase in AK release, returning to levels similar to the control groups at time
points 52 and 60 h. Between 72 and 48 h there was an overall increase in AK release for all the
experimental groups, with 350, 500 and 750 mg/kg reaching statistically significant increases at time

point 96 h, when compared to the untreated control.

When considering the interplay between intracellular ATP levels and active AK release, it appears that
cells grown under 2D conditions are initially able to cope efficiently with the onslaught of the crude
Uzara aqueous extract at all the concentrations. However, towards the end of the study the statistically
significant increased AK and ATP levels indicate severe cytotoxicity, possibly due to mitochondrial
dysfunction leading to reactive oxygen species (ROS) production and loss of cell viability within the

2D model. In the 2D culture the effects of the Uzara treatment appear to be attenuated towards the end
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of the experiment, probably due to cells in 2D reaching their growth decline phase considering the

growth characteristics presented in Figure 4.
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Figure 4. Average adenylate kinase (AK) released in terms of protein content (pg/ul) for 2D
cultured HepG2/C3A cells treated with 200, 350, 500 and 750 mg/kg Uzara crude extract, normalized

to the control group (n = 3, error bars = SD).
33 Three-dimensional culture model
3.3.1. Planimetry of the 3D cell culture model

The average spheroid surface area of the experimental and control groups, measured at pre-determined
time points, are shown in Figure 5. The planimetric spheroid surface area gives an indication of the
growth of spheroids, since it is relatable to both the protein content of each spheroid and the total protein
content of the spheroid population within each experimental group (Wrzesinski &Fey; 2012 Wrzesinski
& Fey 2018). The latter enables normalization of the data in terms of the protein content, corresponding
to in vivo toxicology studies where treatment quantity (i.e. dose) with a compound is determined in
terms of subject weight (mg/kg). The average spheroid surface area for all the experimental groups at
time point 0 h was approximately 8.3 x 10° + 0.1 pm®. From the planimetric data shown in Figure 4, the
spheroids experienced significant growth inhibition at time points 48, 72 and 96 h following treatment

with Uzara crude aqueous extract at 350, 500 and 750 mg/kg, when compared to the control group. The
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spheroids receiving 200 mg/kg extract showed moderate growth, with significant growth inhibition after
96 h. This accumulative and concentration dependant growth inhibition seen over the range of
concentrations for both the 2D and 3D data, indicates cytotoxic properties of the Uzara crude aqueous
extract, possibly due to the cardenolide uzarin. Similar anti-proliferating effects have been observed in
various other cancer cell lines, where cardenolides selectively induced anti-proliferative effects and cell

death (Khrisna et al., 2015).
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Figure 5. Average spheroid surface area (um?) for 3D cultured HepG2/C3A spheroids treated with
200, 350, 500 and 750 mg/kg Uzara crude extract in 24 h intervals, measured prior to each new dosage

application (n = 3, error bars = SD).

3.3.2. Glucose consumption in the 3D cell culture model

Figure 6 depicts the average concentration glucose consumed per spheroid surface area, in 24 h
intervals. At 24 h post treatment, it can be observed that all the treatment groups imported
significantly higher quantities glucose per spheroid surface area in comparison to the control group.
The 200 mg/kg experimental group consumed considerably more glucose than the control group, with
all the other experimental groups achieving significantly higher values throughout the experiment.
The level of glucose consumed did, however, decrease over time for the experimental groups treated
with 350, 500 and 750mg/kg extract. This effect appeared to be concentration dependent, with 350

mg/kg reaching levels similar to the untreated control towards the end of the experiment. Higher
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Uzara extract concentrations clearly affected the ability of the spheroid cells to import and use glucose
from the growth medium. At time points 72 and 96 h, the ability of spheroids treated with 750 mg/kg

crude Uzara aqueous extract to import glucose proved to be impaired significantly.
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Figure 6. The average glucose consumption (mmol/l per spheroid surface area (um?) for 3D

cultured HepG2/C3A spheroids treated with 200, 350, 500 and 750 mg/kg Uzara crude extract in 24 h

intervals, measured immediately prior to replacement of growth medium (n = 3, error bars = SD).

3.3.3. Intracellular ATP levels and AK release within 3D cultures

Figure 7 gives a graphical depiction of the intracellular ATP levels per spheroid area, normalized with
reference to the control group. Within the first 4 h post-treatment, intracellular ATP levels decreased
noticeably for all experimental groups relative to the control group, steadily recovering back to the
untreated control levels over 24 h. From 24 to 48 h there was a dose-dependent increase in ATP levels
for groups treated with 200, 350 and 500 mg/kg extract, reaching values higher than those of the
control group. However, the 750 mg/kg experimental group remained below the control, only
reaching levels similar to the control group at 48 h. 52 h post-treatment, the ATP levels again
decreases in a dose-dependent manner. The experimental groups treated with Uzara extract at dosages
of 200, 350 and 500 mg/kg resulted in a decrease in ATP with each successive dosage. ATP levels

increased, however, to baseline levels or above within 12 h. This decrease and subsequent increase of
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ATP levels noticed throughout the study may potentially be the result of an attempt by the cells to
recover from the onslaught of treatment with the crude Uzara aqueous extract. It is important to note
that ATP levels for the 750 mg/kg treatment group did not recover to the levels of the control group
beyond 48 h. This suggests impaired mitochondrial function brought on by the crude Uzara aqueous

extract at 750 mg/kg.
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Figure 7. Average intracellular ATP concentration (uUM) per average spheroid surface area

(um®) for 3D cultured HepG2/C3A spheroids treated with 200, 350, 500 and 750 mg/kg Uzara crude

extract, normalised relative to the untreated control group (n = 3, error bars = SD)

The AK release data depicted in Figure 8 shows an inverted trend compared to the intracellular ATP
levels, as results indicated an initial increase in AK within the first 4 h post-treatment for all
experimental groups, and a subsequent decrease over 24 h when compared to the untreated control. At
28 h post treatment, AK again increased whilst steadily decreasing over the next 48 h and throughout
the study to levels below the untreated control for all experimental groups. However, the 750 mg/kg
extract treatment resulted in a steady increase in AK release at 96 h indicating cytotoxicity, and this

corresponded well to the diminished ATP levels and mitochondrial dysfunction seen in Figure 7.
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This interplay between intracellular ATP levels and AK release from the spheroids indicates the
cytotoxic effect and the loss of cell viability as a result of treatment with crude Uzara aqueous extract
on the spheroids for all the experimental groups, but in particular the 750 mg/kg treatment. There is
also an attempt of the spheroids treated with 200, 350 and 500 mg/kg extract to recover from each

successive dosage administered, indicated.
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Figure 8. Average adenylate kinase (AK) released per spheroid surface area (um?) for 3D

cultured HepG2/C3A spheroids treated with 200, 350, 500 and 750 mg/kg Uzara crude extract,

normalised to the control group (n = 3, error bars = SD).
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4. Discussion

This study aimed to investigate the potential toxic effects of short term exposure of the HepG2/C3A
liver cell line, to a crude aqueous extract prepared from Xysmalobium undulatum (Uzara) plant
material in both traditional flat cultures (2D) and a dynamic micro-tissue spheroid model (3D). The
protein data obtained from the 2D model showed growth inhibition and anti-proliferating effects due
to treatment, with significant anti-proliferating effects for the 750 mg/kg experimental group after 72
hours. Treatment with the crude Uzara aqueous extract in 3D spheroids also showed significant
growth inhibition and anti-proliferating abilities in a dosage dependent manner, especially when the
inability to utilize glucose and the inhibition in spheroid surface area/biomass is taken into

consideration.

Toxicity on the organelle level is in many instances associated with damage to the mitochondria,
which is attributed to its proximity to reactive oxygen species (ROS) production during oxidative
phosphorylation (Anderson & Borlak, 2007). Upon being bombarded with stressful stimulus, the
mitochondria will undergo mitochondrial dysfunction that will determine the commitment of the cell
to survival, or apoptosis/necrosis by releasing proteins that acquire key apoptotic functions (Rasda &
Bernardi, 2007). One means of determining mitochondrial dysfunction, and ultimately toxicity and
cell viability on the molecular level, is through evaluation of intracellular ATP levels and the release
of the intermembrane proteins Adenylate kinase (AK) and cytochrome ¢ (Cyt ¢). AK is a key
mitochondrial intermembrane space protein, responsible for maintenance of metabolic equilibrium
within all eukaryotic cells. During stressful states, AK up- or down-regulates ATP production,
influencing cell viability and toxicity. Furthermore, during the active release of AK and Cyt ¢ the
execution caspase cascade is activated, resulting in cell death (Single et al., 1998; Leist & Singel,

1999; Hardie, 2003; Anderson & Borlak, 2007; Rasda & Bernardi, 2007).

The physiological parameters such as intracellular ATP levels and actively released AK levels were
therfore used in this study as indicators of cell viability and cytotoxicity, respectively. Intracellular
ATP levels in the 2D model were increased for all of the treatments, and only decreased towards the
end of the experiment coinciding with a sharp increase in AK released. These results indicated
significant cytoxicity and impaired mitochondrial functionality due to the Uzara water extract
treatment for all the experimental groups, when compared to the untreated control group. However,
intracellular ATP and AK results from the 3D cell culture model showed potential recovery from
toxicity damage at the three lower concentrations tested (i.e. 200, 350 and 500 mg/kg). To this end,
the 750 mg/kg Uzara crude aqueous extract treatment group showed mitochondrial dysfunction and
cytotoxicity when taking into consideration both the intracellular ATP levels lower than the levels
seen in the untreated control group, and the increase of actively released AK levels towards the end of

treatment.
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This correlates well with data regarding plant extracts containing cardenolides, such as the major
active constituent uzarin that is present in the prepared crude Uzara aqueous extract. Krishna and
associates (2015) indicated that cardenolides found in plant material are ligands for Na'/K'-ATPase
responsible for signalling various cascades that affects numerous targets, including the mitochondria,
and subsequent activation of the caspase cascade leading to apoptosis. It also results in a blockage of
the NF-kB signal, resulting in anti-proliferating capabilities as suggested by the 2D protein
concentrations and spheroid growth inhibition in the 3D model. However, cardenolides have been
shown to have different modes of action in normal cells, in that it stimulates proliferation and inhibits

cell death (Khrisna et al., 2015).

Results obtained from the 3D spheroid model showed extensive growth inhibition by the Uzara crude
aqueous extract compared to a lesser extent of growth inhibition in the 2D model. This could be a
result of cells in the in vivo environment, such as the hepatic cells within the liver, are in various stages
of the cell growth cycle. Similarly, cells within 3D structures such as the spheroids also find
themselves within various stages of the growth cycle, with the outermost layer of the spheroids being
predominantly in the active growth phase (S and M phase), while cells in the core of the spheroids find
themselves within the G, and G, phase (Wrzesinski et al., 2014; Yono et al., 2015; Brasja et al., 2016;
Calitz et al., 2018; Wrzesinski & Fey, 2018). Cells grown in 2D are at a disadvantage to both the in
vivo and 3D situations, since they find are in a continuous exponential growth phase due to continuous
trypsinization and sub-culturing. Trypsinization at regular intervals results in the disruption of
advanced cellular functions, signal transduction, gene expression, extra cellular matrix (EMC), repair
processes and cell structure (Wrzesinski & Fey, 2018). Any effect of the applied crude Uzara aqueous
extract on cells in the 2D model may therefore be repaired more rapidly, due to DNA repair systems
involved in cells within the G1 phase. The latter is attributed to the type of repair system that is
initiated depending on where the cell is within the cell growth cycle. Cells within the G1 phase, such
as cells found in normal 2D cultures, actively repair damage from endogenous ROS species prior to
replication, whereas most DNA-repair pathways are attenuated in non-dividing cells, thus a large
portion of the cells found in the spheroids. These non-dividing cells have dedicated significant and
abundant repair mechanisms to maintain DNA integrity (Branzei et al., 2008). These differences may
explain the discrepancies in results obtained from the 2D and 3D models.

These discrepancies can also be observed in the results from the ATP levels and AK release. The cells
in the spheroids seem to “cope” more effortlessly with the Uzara water extract, while cells in the 2D
model initially appears less affected than the 3D model. However, after 72 h when cells in the 2D
model have reached the end of their exponential growth phase, the crude Uzara aqueous extract
induces considerable toxicity over the whole concentration range, compared that level of toxicity only

being observed for the 750 mg/kg treatment in the 3D model.
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5. Conclusions

Taking all the physiological parameters measured, namely the inability to import glucose, lack of
proliferation and ATP levels below normal physiological levels with increasing adenylate kinase
release into consideration, it can be deduced that the crude Uzara aqueous extract showed an acute
toxic effect between 500 and 750 mg/kg, as indicated by the decrease in intracellular ATP levels and
increase in actively released AK, indicating mitochondrial dysfunction. The crude Uzara aqueous
extract at concentrations of 350, 500 and 750 mg/kg also presented with significant anti-proliferating
effects similar to previously reported data on the anti-prolific effects of cardenolides. To determine if
the anti-proliferating effects of the crude Uzara aqueous extract seen in this investigation is limited
only to cancer cells, further investigations must be initiated. When considering the behaviour of the
three-dimensional and two-dimensional screening models, the results suggest that 3D models may be a
superior model in the elucidation of possible herbal toxicity compared to conventional 2D models, due
to the lack of physiological relevance of the 2D models. Discrepancies in the data obtained from the
2D and 3D models indicate that the 2D model may result in false positives, as the data suggests that
the 2D model initially showed limited toxicity, possibly due to different modes of DNA repair systems
in their exponential growth phase. However, as the cells enter the decline phase of the growth curve
they seemed to also be severely affected by the crude Uzara aqueous extract at all concentrations. In
the 3D spheroid model, the majority of the cells within the spheroid structure are predominantly non-
dividing and only a few cells are believed to be the in the G1 phase of the cell cycle. The latter
correlates well to the in vivo situation and intact organs, where cells are also at various stages of the
cell cycle or non-dividing, suggesting that a 3D spheroid model will give a more accurate
representation on how an organ, in this instance the liver, will respond to a herbal xenobiotic such as

Uzara.
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Abstract:

Various in vitro and in vivo models are available for the pre-clinical assessment of drug and
herbal hepatotoxicity. However, more reliable and readily available in vitro models are
needed, which are capable of bridging the gap between existing models and real life. Three-
dimensional (3D) spheroid cultures offer higher physiological relevance, overcoming many of
the shortcomings of traditional two-dimensional (2D) cell cultures. This study investigated
the potential of the 3D HepG2/C3A spheroid model to determine hepatotoxic and anti-prolific
effects of the crude aqueous Xysmalobium undulatum (Uzara) extract during a sub-chronic
study (21 days). This was done by evaluating cell spheroid growth, intracellular adenosyl
triphosphate (ATP) levels and extracellular adenylate kinase (AK). To determine the
applicability of the results from this model, they were compared to in vivo toxicity effects (i.e.
the serum chemistry of Sprague Dawley rats) treated with the same compounds over 21
days. The results from the in vitro study clearly indicated hepatotoxic effects and possible
liver damage following treatment with valproic acid, as indicated by the growth inhibition, the
loss of cell viability and the increased cytotoxicity as indicated by the reduced intracellular
ATP levels and increased AK levels. These results was supported by the increased in vivo
levels of AST, ALT and LDH and the slight increase in triglycerides following treatment of the
Sprague Dawley rats with valproic acid, indicative of hepatic cellular damage that may result
in hepatotoxicity. The data from both the 3D spheroid model and the Sprague Dawley model
was also able to predict the potential concentration dependant hepatotoxicity of the crude
Uzara aqueous extract. The results obtained confirm the ability of 3D spheroid models to

effectively and reliably predict the long-term outcomes of possible hepatotoxicity.
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1. Introduction

Various in vitro and in vivo models are available for the pre-clinical assessment of drug
biotransformation, hepatotoxicity and herb-induced liver injury (Tingle & Helsby, 2006;
Wrzesinski & Fey 2015). Two-dimensional (2D) cell cultures, with cells cultured in
suspension or on solid flat surfaces have been used in drug discovery and screening for
decades, but due to poor inter-cellular communication, compromised signalling pathways,
the short experimental duration time available and several tissue specific properties lacking,
its usefulness as a pre-clinical safety screening model is limited (Lin & Chang, 2008; Breslin
& O‘Driscoll, 2012; Antoni et al., 2015; Wrzesinski & Fey 2015; Fang & Eglen, 2017).

For obvious reasons, the gold standard for pre-clinical assessment of drug hepatotoxicity
remains in vivo animal studies. Over the last few years, the use of animal models has
become the subject of increasing criticism and from an ethical point of view, a strong need
exists for the development of novel in vitro screening models to effectively reduce the
number of animals used in research projects (Baumans, 2004; Liedtke et al., 2013; Soldatow
et al., 2013; Freires et al., 2017). Expression of liver-specific enzymes relevant to drug
metabolism and toxicity differ between animals and humans, influencing pre-clinical
outcomes (Martignoni et al., 2006; Sabolic et al., 2011; Dalgaard, 2015). Furthermore, in
vivo animal studies are costly and time-consuming (Soldatow et al., 2013; Sabolic et al.,
2011).

Clearly, more reliable and readily available in vitro models are needed, which are capable of
bridging the gap between the existing models and the in vivo environment. Development of
novel three-dimensional (3D) cell culturing techniques attempted to overcome these
obstacles by providing a cellular environment more closely related to the in vivo state, which
are able to increase predictability of drug efficacy and toxicity prior to the initiation of clinical
trials (Antoni et al., 2015; Wrzesinski & Fey, 2015; Fang & Eglen, 2017). This is important
since it has been estimated that almost 39% of new drug candidates are withdrawn from
development programmes because of pharmacokinetic deficiencies (i.e. inadequacies in
absorption, distribution, biotransformation and excretion), while toxicity contributed to
withdrawal of a further 21% of drug candidates during the developmental phase (Tingle &
Helsby, 2006).

Various advances have been made with 3D cell culturing, making in vitro models more
reliable systems that offer longer term cell culturing and testing periods and more accurate

determination of drug biotransformation and toxicity (Antoni et al., 2015; Brasjsa et al., 2016;
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Fang & Eglen, 2017). Of the various 3D models, spheroids have been extensively
characterized and offers reproducibility, simplicity and show resemblances of native in vivo
organ systems (Tung et al., 2011; Hirschhaeuser et al., 2010). Natural processes occurring
during embryogenesis, morphogenesis and organogenesis are mimicked during spheroid
assembly with dominating cell-cell interactions and the formation of molecular gradients
(Tung et al., 2011; Hirschhaeuser et al., 2010; Achilli et al., 2012; Fang & Eglen, 2017).
Spheroids can be cultured by employing various systems, but Wrzesinski and colleagues
have developed a dynamic micro-tissue spheroid cell model capable of overcoming many of
the shortcomings of traditional 2D cell cultures. These micro-tissue spheroids present with
multi-cellular arrangement, mimicking in vivo organ architecture and behaviour (Fey and
Wrzesinski, 2012a, 2012b; Wojdyla et al., 2016; Wrzesinski and Fey, 2013; Wrzesinski et al.,
2013, 2014; Aucamp et al., 2017).

Xysmalobium undulatum (L.) W.T. Aiton (Apocynaceae), also known as Uzara, is a widely
used traditional herbal medicine in Southern Africa to treat various maladies (Vermaak et al.,
2014: 137,138; Van Wyk, 2011:825). The predominant pharmacologically active constituents
extracted from Uzara root include the cardenolide cardiac glycosides uzarin (5.6%),
xysmalorin (1.5%) and the isomers allouzarin (0.4%) and alloxysmalorin (0.1%). No
hepatotoxicity has been described for Uzara, but a toxic digitalis-like action on the heart has
been reported when administered in extremely high concentrations (Vermaak et al., 2014).
Herbal medicines and supplementation are generally believed to be safe due to their natural
origin with fewer adverse effects, however, this is not only misleading but also untrue (Ekor,
2014; Calitz et al., 2015; Boadu & Asase, 2017). And although many of these herbal
medicines do offer the potential of becoming valuable candidates in the treatment of various
disease states, the majority remain untested and their usage unmonitored while they are
introduced as commercial products, without any prior safety or toxicological evaluation (Ekor,
2014). Liver injury caused by herbal supplements range from asymptomatic elevation of liver
enzymes, to cirrhosis and in certain instances even acute liver failure (Calitz et al., 2015).
This study investigated the use of the in vitro 3D dynamic micro-tissue HepG2/C3A spheroid
culture model as a pre-clinical screening tool to evaluate hepatotoxicity and anti-prolific

effects, which were compared to the results of an in vivo study.
2. Materials and Methods

2.1.  Preparing a crude Uzara aqueous extract

Commercially available dried and milled Uzara material was purchased from Afrinatural
holdings (Prestige laboratory supplies, Mt Edgecombe, Johannesburg). A water extract was

prepared by creating an Uzara-water suspension in a 1:10 product to water ratio. The
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suspension was sonicated in a Eumax ultrasonic bath at the following parameters, 45°C for
45 min, followed by centrifugation for 10 min at 5000 x g. The pellet was re-suspended in
100 ml water, and the suspension was sonicated and centrifuged again to collect the
supernatant. The collected supernatant was filtered and frozen at -80°C. The frozen filtrate

was lyophilised on a Virtis freeze dryer (SP Scientific, Gardiner, New York).

The chemical composition of the Uzara aqueous extract was determined on a Waters
Acquity Ultra Performance Liquid Chromatographic system with PDA detector (Waters,
Milford, MA, USA), as previously published (Calitz et al., 2017). The presence of the major

active constituent, uzarin, was confirmed and quantified as 226.4 ug/mg Uzara (n=2).

2.2. Two-dimensional cell culture

The clonal derivative, HepG2/C3A (American Type Culture Collection [ATCC] cat. no. CRL-
10741, sixth passage after receipt from ATCC, Manassas, VA), of the hepatocellular
carcinoma cell line HepG2, was cultured using standard tissue culture conditions in
Dulbecco’s Modified Eagle's Medium (DMEM) (1g glucose/l) (Gibco, Carlsbad, CA), with 1%
non-essential amino acids (Gibco); 10% fetal calf serum (FCS) (Sigma, St Louis, MO); 0.5%
penicillin/streptomycin (Gibco) and 1% GlutaMAX (Gibco). Cultures were incubated in a
humidified atmosphere at 37°C, 5% CO2 and 95% air.

2.3. Three-dimensional cell culture

2.3.1. Spheroid preparation using AggreWell™400 plates

HepG2/C3A cell spheroids were prepared using an AggreWell™400 plate (Stemcell
Technologies, Grenoble, France) according to the manufacturer's specifications and as
previously published (Wrzesinski & Fey, 2012; Aucamp et al., 2017). Wells were rinsed
twice with 1 ml Aggrewell™ Rinsing solution (Stemcell Technologies, Grenoble, France), and
HepG2/C3A cells were seeded into each of the wells of the AggreWell™ plate at a seeding
density of 1.2 x 10*. Following centrifugation for 3 min at 120 x g, the plate was incubated

overnight to allow spheroid formation.

2.3.2. Spheroid culture in bioreactors

Spheroids were detached from the AggreWell™ wells by gently washing the wells with pre-
warmed growth medium. Detached spheroids were then collected, and the spheroid quality
was determined using a light microscope. Spheroids were selected based on visual quality,
by comparing compactness, size and roundness. Selected spheroids were placed into
bioreactors (MC2 Biotek, Hersholm, Denmark), approximately 300 per bioreactor, and

cultivated at 37 °C, 5% CO2, 95% air in a humidified incubator for 17 days with continuous
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rotation of the bioreactors and replacement of medium three times a week as described

below.

The day of spheroid removal from the AggreWell™ wells is referred to as day 0 and an
estimated 90% of growth medium was removed and replaced on day 3. Thereafter, the
medium was removed and replaced three times a week. The rotation speed of the
bioreactors was initially set between 9 and 11 rotations per minute (rpm) and was adjusted
as necessary to compensate for spheroid size due to cell growth. The spheroids spheroid
population was split on day 8 and when experimental groups were initiated on day 17 and

introduced to new bioreactors.

2.3.3. In vitro experimental design

The design of the in vitro experiments on the 3D HepG2/C3A spheroids is shown in Figure 1.
Four experiment groups were prepared, and each group consisted of four biological
replicates in individual bioreactors. Each bioreactor on which the experiments were
conducted contained 207 spheroids (17 days old) as illustrated in Figure 1. The
experimental groups consisted of spheroids treated with crude Uzara aqueous extract at
various concentrations (200 mg/kg and 250 mg/kg), spheroids treated with Sodium valproate
(Sigma, Johannesburg, South Africa) at 10 g/kg served as a positive control group for
hepatotoxicity, and spheroids in normal growth medium as the untreated control group.
Treatment concentrations for Uzara were based on available literature and previously
conducted acute and sub-chronic in vitro studies (Vermaak et al., 2014; Calitz et al., 2017),
while the valproic acid concentration (10 mg/mg protein translating to 10g/kg) was based on
a value below the acute lethal threshold of 20 mg/mg protein in spheroids as determined by
Fey and Wrzesinski (2013). The valproic acid concentration was chosen to be very high to
ensure potential hepatotoxic effects would be observable in the model if only limited effects
were instigated. The uzarin concentration in the 200 mg/kg and 250 mg/kg experimental

treatment solutions were 45.28 mg and 56.60 mg, respectively.
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Four bioreactors per group, each containing 207 spheroids.
Growth medium alone or containing test substance exchanged every 48 hours
Spheroids collected for planimetric and ATP analyses at 24-hour intervals

Growth medium colleted for AK analyses at 24-hour intervals
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Diagram depicting in vitro experimental design

To initiate drug treatment, the bioreactor rotation was stopped, and spheroids were allowed
to settle. Growth medium was removed and exchanged with medium containing the various
treatments. Spheroids and medium samples were collected for planimetry, adenosine
triphosphate (ATP) and adenylate kinase (AK) analyses. Growth medium containing

treatment was exchanged at 48-hour intervals, for a duration of 21 days.
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2.3.4. Spheroid microscopy and planimetric analyses

Photomicrographs were taken of three spheroids per time point, in 24h intervals for the
duration of the 21-day study, using an Olympus IX81 motorized microscope and an Olympus
DP71 camera. Images were transferred to the Olympus AnalySiS Docu program (Soft
Imaging System) and the _shadow" areas of spheroids were measured using the _Fitted
Polygon Area“ function. This indicated the planar surface area of the spheroids in ym?, and
allowed for the ATP and AK to be related to spheroid surface area. In a previous study by
Wrzesinski and Fey (2012), a correlation was found between the spheroid surface area and
the protein content of the spheroids, allowing the normalization of data in terms of protein
content. Furthermore, this allowed dosages of Uzara extract to be administered to the
spheroids per mass (mg/kg), which corresponded with dosages administered to animal

subjects during the in vivo studies.

2.3.5. In vitro adenosyl triphosphate (ATP) quantification

Cell viability was based on the ability of the spheroids to produce ATP. Spheroids from each
experimental group (three replicates consisting of two spheroids per 24h time point) were
collected for the duration of the 21 days, and transferred to white opaque microtitre plates
(Nunc, Roskilde, Denmark). Growth medium was removed, and the volume adjusted to 100
ul with Hanks buffered saline solution without Ca?* and Mg®* (Gibco, Carlsbad, CA). The
cells were then lysed with 100 ul lysis buffer (CellTiter-Glo luminescent cell viability assay,
Promega, Fitchburg, WI) and shaken in the dark for 40 min, before the luminescence was
measured in a FLUOstar OPTIMA (BMG Labtech, Ortenberg, Germany) using the following
parameters: one kinetic window, 10 measurement cycles with 0.3 s of measurements interval
time, 2 s delay per measurement, additional 0.5 s delay per position change (repeated twice
for each measured plate). The data was normalized with reference to a standard curve for

ATP and the untreated control.

2.3.6. In vitro adenylate kinase (AK) quantification

AK content was measured in the growth medium (140 pl) of each experimental group to
determine cell death in 24h intervals for the duration of the 21-day study, using the Lonza
Toxilight assay kit. Growth medium was placed in microtitre plates in triplicate and diluted
with five volumes of adenylate kinase detection reagent. The plate was then incubated in the
dark for 20 min before measuring luminescence, using a FluoStar Omega® (BMG Labtech).
A standard curve was prepared in the same way for each assay plate using a dead-cell
standard (4.29 million HepG2/C3A cells per ml, which were lysed in lysis buffer). Gain was

adjusted based on the highest standard curve values.
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2.4. Invivo study

2.4.1. In vivo experimental design

Four experimental groups
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Euthanized by decapitation day 7, 14, and 21 for blood serum chemistry n=6 (3 Male/3 Female)

Figure 2: Diagram depicting sub-chronic 21-day in vivo experimental design.

The in vivo study was approved by the AnimCare ethics committee of the North-West
University (NWU-00276-17-S5), prior to initiation of the study. Specific pathogen free male
and female Sprague Dawley rats were obtained from the North-West University vivarium
(Potchefstroom, South Africa; South African Veterinary Council registered). Figure 2 gives a
graphical depiction of the experimental design. Test subjects weighing between 150-250g
and aged 7-8 weeks were allowed seven days of acclimatisation to laboratory conditions
prior to the initiation of the experiment. Housing was limited to groups of three per cage
according to sex, with corncob bedding and an artificial 12-hour light cycle in a room with a
temperature of 22 + 2°C and relative humidity of 55 £ 10%. Test subjects were fed a
conventional laboratory diet with drinking water supplied ad libitum. The weight of each test
subject was recorded prior to the initiation of the experiment, and bi-weekly thereafter.
General clinical observations were made daily, and all test subjects was checked for
morbidity and mortality twice daily. All procedures conformed to the North-West University

vivarium'‘s laboratory animal care standard operating procedures to ensure that good
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laboratory practice was adhered to in all instances according to national and international

accepted principles and standards for humane handling of animals.

The test substances consisted of 200 and 250 mg/kg crude Uzara aqueous extract in water
and 300 mg/kg valproic acid in phosphate buffered saline (PBS) as positive control, with the
control group receiving only PBS. Treatment concentrations for Uzara were based on
available literature and previously conducted acute and sub-chronic in vitro studies (Vermaak
et al., 2014; Calitz et al., 2017), while the valproic acid concentration was based on its ECsg
(485 mg/kg) and LDsy (600 mg/kg) values in rodents (Léscher, 2007; Lee et al., 2008;
Drugbank, 2017). Fresh stock solutions of the test substances were prepared daily, and
diluted according to the weight of each test subject prior to administration thereof. The test
solutions were administered by means of oral gavage as 21 single dosages at 24 h intervals.
Each treatment group consisted of 18 rats (9 male, 9 female). On day 7, 14 and 21, a
sample population of 6 rats (3 male, 3 female) from each group were euthanatized by means

of decapitation, and terminal blood samples were collected for serum chemistry analyses.

2.4.2. Adverse events

The dosage selected for the valproic acid treatment was initially 600 mg/kg, based on similar
studies in literature (Lee et al., 2008; Zhang et al., 2014). However, during the first 24 h
post-administration of the first dosage, severe morbidity could be observed, and some
mortalities occurred. Subjects presented with difficulty breathing and lethargy approximately
7 h post-treatment, and would succumb in their sleep 9 to 10 h post-treatment. Some
participants were not severely affected, but did show a loss of weight of approximately 5% of
the initial body weight. Several test subjects presented with rails. An adverse event was
immediately reported to the ethical committee of the North-West University, and the study
was halted to allow amendment of the study design. Following careful consideration, and
taking into account the ECs, value (485 mg/kg) and the LDsy value (600 mg/kg) of valproic

acid, the treatment was changed to 300 mg/kg valproic acid.

2.4.3. Invivo serum chemistry

Terminal blood samples (n = 6), were collected at time points 0, 7, 14, and 21 days to
analyse markers of liver damage. The following parameters were monitored: triglycerides,
total albumin, total bilirubin, alkaline phosphatase (ALP), alanine transaminase (ALT),
aspartate aminotransferase (AST), and lactate dehydrogenase (LDH). Serum chemistry was
analysed by PathCare Pathologists (Potchefstroom, South Africa). Briefly, samples were
centrifuged for 15 min at 4000 rpm in a Biofuge™ Primo™ centrifuge (Heraeus Instruments,

Thermo Fisher Scientific, Johannesburg, South Africa). Collected serum was then analysed
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using a Beckman Coulter AU480 Biochemistry analyser (Beckman Coulter, South Africa,

Johannesburg).

2.5. Statistical analyses
Repeated measures ANOVA was performed on the three-dimensional cell culture data using

Statistica software version 13.2.
3. Results and discussion
3.1.  Invitro study

3.1.1. Planimetry and spheroid growth

The planimetric data shown in Figure 3, clearly indicate significant concentration-dependent
growth inhibition following treatment with the crude Uzara aqueous extract at both 200 mg/kg
and 250 mg/kg when compared to the untreated control group. The experimental group
treated with 10 g/kg valproic acid showed even more extensive growth inhibition. The
average spheroid surface area at time point 0 for all the experimental groups was 5.38 £ 0.11
um?, and at day 21 this increased to 17.73 + 0.62 ym? for the untreated control, 6.36 + 0.36
um? for valproic acid and 11.23 + 0.79 pm? and 11.51 + 0.28 ym? for the crude Uzara
aqueous extract at 200 mg/kg and 250 mg/kg, respectively. This growth inhibition
corresponds well to previous studies with valproic acid and Uzara crude aqueous extract at
various concentrations (Wrzesinski & Fey, 2012; Calitz et al., 2018). Uzara contains the
cardenolide uzarin which has been shown to possess cytotoxic and anti-prolific effects
(Krishna et al., 2015; Calitz et al., 2018).
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Figure 3: Average spheroid surface area (um?) for the spheroids of each experimental

group as a function of time over a 21-day period (n = 3) (Error bars = standard deviation)

3.1.2. Intracellular ATP and AK release

The intracellular ATP levels expressed relative to the spheroid surface area are depicted in
Figure 4. There was a sharp increase in ATP levels for all the experimental groups within the
first 24 h, but they decreased to levels below that of the untreated control group after 48 h.
ATP levels for the valproic acid positive control (10 g/kg) group remained below the
untreated control group, decreasing daily from day 5 to day 14. By day 14, the intracellular
ATP levels for the valproic acid group was significantly lower than that of the untreated
control group, as well as the crude Uzara aqueous extract experimental groups. Following
treatment with the various concentrations crude Uzara aqueous extract, the intracellular ATP
levels increased post-treatment, but decreased prior to each successive treatment. By day
19 and 21, ATP levels increased significantly when compared to the untreated control, and
this may indicate an attempt of the spheroids to recover from the continuous onslaught of
treatment with the crude Uzara aqueous extract. This corresponds well with previous data
on crude Uzara aqueous extract (Calitz et al., 2017), albeit in this study it was shown after a

longer duration of exposure.
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Figure 4: Average intracellular ATP levels (uM) per spheroid surface area (um?)

normalized to the untreated control as a function of time (n = 3) (Error bars = standard

deviation).

Figure 5 shows the active AK release per spheroid surface area. An inverted trend can be
observed between the AK released and the intracellular ATP levels depicted in Figure 4. AK
released appears to have decreased for all experimental groups relative to the untreated
control within the first 24 h post-treatment. AK increased to levels above the untreated
control for the valproic acid treated group, while remaining below the untreated control for the
crude Uzara aqueous extract-treated groups. On day 6, there was a significant increase in
AK for all the experimental groups, but by day 7 the AK levels for all the experimental groups
decreased to levels low than that of the untreated control again. AK levels remained below
the untreated control group from day 7 to day 14 for the valproic acid treated group, but on
days 15, 17, 19 and 21, the AK levels once again increased above that of the untreated
control. The AK release for the crude Uzara aqueous extract treated groups remained lower

than that of the untreated control for the most part of the remaining treatment period.
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Figure 5: Average AK release per spheroid surface area (um?), normalized to the

untreated control as a function of time (n = 3) (Error bars = standard deviation).

An interplay between intracellular ATP levels and the levels of AK released exists, and can
clearly be seen for both the valproic acid and crude Uzara aqueous extract treated groups.
The increase and subsequent decrease in intracellular ATP levels, and the increase in AK
release by the spheroids treated with the valproic acid, is indicative of the toxic effect of this
known hepatotoxin and the loss in cell viability with continuous administration thereof.
Results also indicated an initial loss of cell viability and increased toxicity for both

concentrations of crude Uzara aqueous extract.

In many instances, hepatotoxicity is associated with the production of reactive oxygen
species (ROS) and ultimately with damage to the mitochondria on the organelle level. The
latter results in the dysfunction of the mitochondria, determining the fate of the cell, i.e.
survival and/or apoptosis/necrosis (Rasda & Bernardi., 2007; Singh et al., 2011). The
interplay between intracellular ATP levels and the release of the intermembrane proteins AK
and cytochrome c¢ (Cyt c¢), can be used to determine mitochondrial dysfunction on the
molecular level and ultimately as indicators of cell viability and toxicity. AK release during
stressful cellular states is responsible for the up and/or down regulation of intracellular ATP

levels, and additionally, the release of AK and Cyt c¢ activates the execution caspase
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cascade, resulting in apoptosis/necrosis (Single et al., 1998; Leist et al., 1999; Anderson &
Borlak, 2007; Rasda & Bernardi, 2007; Hardie, 2003; Singh et al., 2011).

3.2.  Inyvivo study

Biochemical markers are clinically employed in the diagnosis of liver injuries caused by
hepatotoxins like drugs and/or herbal constituents. These liver injury-related biochemical
markers include, but are not limited to, albumin, total bilirubin, alkaline phosphatase (ALP),
alanine transaminase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase
(LDH) and triglycerides (Singh et al., 2011). These markers were therefore quantified in
serum samples obtained following treatment of male and female Sprague Dawley rats with
valproic acid (300 mg/kg) and crude Uzara aqueous extract (200 and 250 mg/kg), and are

shown in Table 1.

Albumin and total bilirubin levels (data not shown) did not change as a result of the various
treatments. Similarly, the ALP levels for all the various experimental groups remained
unchanged. Following treatment with the crude Uzara aqueous extract at 250 mg/kg, AST
levels increased relative to the untreated control group for the male participants on day 7 and
on day 21 for the female participants, while ALT levels were increased at all time points
compared to the untreated control group. The valproic acid group also had increased AST
and ALT levels after 14 and 21 days’ treatment for both male and female test subjects.
Increased AST and ALT levels can be indicative of hepatitis, associated with the leakage of
these enzymes from damaged mitochondria and cytoplasm (Singh et al., 2011;
Featherstone, 2007).

Increased LDH levels are also frequently associated with hepatotoxicity, indicating the
disruption of the mitochondria and the sarcoplasmic reticulum, and leakage of the enzyme
from damaged tissue. Furthermore, it is also indicative of possible hepatocellular necrosis
(Singh et al., 2011). Following treatment with the crude Uzara aqueous extract at 250 mg/kg,
the LDH levels increased for both male and female participants on day 7, and for the male
participants on day 21. The increased LDH levels were also seen for the male participants of
the 200 mg/kg crude Uzara aqueous extract treated group on day 21 when compared to the
control group. The valproic acid treated test subjects also showed a cumulative increase in
LDH levels from day 14 to 21, for both the male and female participants. Furthermore, an
increase in TG levels were observed at all time points following treatment with 250 mg/kg
crude Uzara aqueous extract, and also on day 14 for the individuals treated with 200 mg/kg
crude Uzara aqueous extract. The valproic acid treated group showed only a slight increase
in TG levels on days 14 and 21. Since the liver is responsible for lipid metabolism, liver

dysfunction due to hepatotoxin exposure could also influence lipid metabolism. An increase
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in TG levels has been shown to be indicative of dysfunctional liver metabolism, potentially

resulting in steatosis if left untreated (Featherstone, 2007; Merrel & Cherrington, 2010).
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Table 1:
Dawley rats with valproic acid and crude Uzara aqueous extract (Alkaline phosphatase
(ALP), (ALT), (AST),

Serum chemistry following sub-chronic treatment of male and female Sprague

alanine transaminase aspartate aminotransferase lactate

dehydrogenase (LDH), triglycerides (TG), male (M; n = 3), female (F; n = 3))

Time Valproic acid Uzara crude Uzara crude
oint Para- Male/ Control 30% ma/k aqueous extract aqueous extract
?day) meter Female ( ( 9/kg 200 mg/kg 250 mg/kg
ALP M 757.33 +21.29 427.66 + 34.56 665.33 + 77.04 569.33 + 37.57
IU/L
( ) F 597 +76.08 386.33 +49.38 420.66 + 41.33 538.66 + 25.22
AST M 247.00 +45.10 203.66 + 27.18 222.00 + 8.16 305.33 * 58.78
(lU/L)
F 299.66 + 63.98 213.00 £ 4.96 271.00 + 19.30 290.33 +47.04
7 ALT M 82.66 + 7.84 76.66 + 3.77 76.00 +4.32 85.33+7.03
(IU/L)
F 80.00 +4.32 68.00 + 4.32 79.66 +5.24 94.00 + 3.74
LDH M 861.66 + 396.00 695.66 + 201.55 797.33£78.10 1235.33 * 349.77
(lU/L)
F 1080.00 + 267.49 863.66 + 63.54 910.00 + 65.67 1086.00 + 187.51
TG M 1.15+0.15 0.93+0.13 0.87 £0.10 1.29+0.14
(mg/dL)
F 0.76 £ 0.01 1.17 £0.11 0.70 £ 0.19 0.87 £0.14
ALP M 646.66 + 54.16 454.66 + 23.45 555.66 + 4.10 546.33 £ 15.19
(lU/L)
F 439 + 16.87 307 £22.64 494.66 + 52.00 449.33 + 33.63
AST M 196.66 + 31.35 280.00 * 19.61 199.00 + 28.39 163.66 + 4.92
(IU/L)
F 207.66 + 30.72 276.66 * 26.7 193.00 + 33.17 215.66 + 17.55
14 ALT M 71.66 £5.24 93.66 £ 8.21 76.00 +4.08 68.00 + 1.63
(IU/L)
F 63.00 £ 0.81 77.00 £ 2.44 72.00 + 3.55 76.66 * 6.64
LDH M 654.66 + 159.91 975.66 * 109.36 653.66 + 199.06 542.66 + 28.52
(IU/L)
F 588.33 + 96.23 989.66 + 50.28 645.00 + 183.58 705.66 + 67.60
TG M 1.01 £0.11 1.14 * 0.46 1.14 £ 0.24 0.96 £ 0.05
(mg/dL)
F 0.64 £ 0.04 0.79 £ 0.01 0.78 £ 0.08 1.53 £1.03
ALP M 584.66 + 40.54 568.00 + 45.74 542.33 £ 22.29 491.00 + 24.91
IU/L
( ) F 444.66 + 58.02 379.00 +4.00 456.33 + 52.68 379.00 + 21.77
AST M 213.33 +23.15 288.00 + 11.34 212.33 + 28.94 185.66 + 16.35
IU/L
( ) F 197.66 + 27.82 376.00 * 40.00 187.66 + 25.31 214.33 £ 23.80
21 ALT M 68.00 +4.24 93.00 £4.08 71.66 +1.24 70.66 +7.36
IU/L
( ) F 65.00 + 7.07 98.00 £ 4.00 61.33 £ 3.09 78.00 +10.03
LDH M 615.33 £ 114.42 1252.00 + 116.01 640.66 * 67.59 662.66 * 56.38
IU/L
( ) F 647.66 + 110.97 1708.50 * 244.50 594.33 + 78.01 514.00 + 73.33
TG M 1.51+£0.20 1.14+£0.29 1.42 +£0.31 1.52 £ 0.54
(mg/dL)
F 0.96 £ 0.16 1.08 + 0.05 0.81 £0.30 1.31%+ 0.36
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4, Conclusion

The use of animal models has become the subject of increasing criticism, urging the
scientific community to provide more reliable, relevant and predictive in vitro models. The
results from the in vitro study clearly indicated hepatotoxic effects and possible liver damage
following treatment with valproic acid, a compound known to cause hepatotoxic effects in
certain individuals, as indicated by the growth inhibition, the loss of cell viability and the
increased cytotoxicity as indicated by the reduced intracellular ATP levels and increased AK
levels. These results also correlated well with previously published data in both 3D
spheroids and in vivo systems, and is supported by the increased in vivo levels of AST, ALT
and LDH and the slight increase in triglycerides following treatment of the Sprague Dawley

rats with valproic acid, indicative of hepatic cellular damage that may result in hepatotoxicity.

The in vitro 3D spheroid model was also able to predict the potential concentration
dependant hepatotoxicity of the crude Uzara aqueous extract. Similarly, the results obtained

from the in vivo Sprague Dawley model indicated moderate hepatotoxic potential.

The results confirmed the usefulness of the HepG2/C3A spheroid culture model to effectively
and reliably predict potential hepatotoxicity following long-term exposure to compounds. This
model therefore offers a readily available in vitro model, capable of bridging the gap between
current two-dimensional in vitro screening models and the pre-clinical in vivo animal models.
Implementing this screening model in the pre-clinical evaluation process of new drug entities
could therefore reduce costs and time as the use of animal models could be reduced as

compounds with potential hepatotoxic properties can be eliminated prior to in vivo testing.

Through comparison of the in vitro results to those obtained following treatment of an in vivo
animal model and available literature, the validity and potential of the 3D HepG2/C3A model
as a screening tool could be confirmed.
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CHAPTER 6

ARTICLE PUBLISHED IN INTERNATIONAL JOURNAL OF
BIOCHEMISTRY AND CELL BIOLOGY

A research manuscript published in the journal -taternational Journal of Biochemistry and
Cell Biology” in 2017 (doi: 10.1016/j.biocel.2017.06.014) is presented in Chapter 6. The
complete guide for authors for this journal is provided in Appendix I. This chapter differs from
the rest of the thesis as it is written in U.S. English and not U.K. English. Furthermore, the
research for this publication was a collaboration with the department of Biochemistry at the
North-west University, and it should be noted that both J. Aucamp and C.Calitz contributed

equally to this manuscript, sharing first authorship.
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CHAPTER 7

MANUSCRIPT SUBMITTED TO THE JOURNAL OF CELL BIOLOGY

Chapter 7 is presented in the form of a methodology manuscript submitted to the journal
-Journal of Cell Biology” in 2017. The complete guide for authors for this journal is provided
in Appendix J. This chapter differs from the rest of the thesis as it is written in U.S. English
and not U.K. English.

113



CHAPTER 7

Novel sodium alginate encapsulated LS180 cell spheroids cultured

in rotating bioreactors

Abbreviated title: Novel sodium alginate encapsulated LS180 cell spheroids

Carlemi Calitz?, Josias H. Hamman? Stephen J. Fey®, Chrisna Gouws® and Krzysztof

Wrzesinski®

a Pharmacen™, Centre of Excellence for Pharmaceutical Sciences, North-West University, Private Bag X6001,

Potchefstroom 2520, South Africa

b Department of Biochemistry and Molecular Biology, University of Southern Denmark, DK-5230 Odense M,

Denmark.

# Corresponding authors: Krzysztof Wrzesinski (kwr@celvivo.com; Tel.: +45 50 80 97 76); Chrisna Gouws
(Chrisna.Gouws@nwu.ac.za; Tel.: +27 18 285 25 05; ORCID ID: 0000-0001-5747-8214).

Abstract

Current models to assess drug biotransformation cannot always accurately predict in vivo
biotransformation and elimination. Three-dimensional cell culturing techniques attempt to
overcome these obstacles by providing a cellular environment closer to the in vivo state,
which increases predictability of drug efficacy and toxicity prior to the initiation of clinical
trials. Spheroid cultures are seen as one of the most recognized three-dimensional culturing
techniques have been investigated since the early 1980°‘s for tissue culturing. Some cell
lines need biomaterials that mimic the extracellular matrix in order to efficiently form
spheroids. This manuscript presents a novel application of sodium alginate micro-
encapsulation to create a three-dimensional cell culture model based on LS180 cells,
cultured in dynamic rotating micro-gravity bioreactors. The parameters established to be
most ideal for creating sodium alginate encapsulated LS180 cell spheroids, were a seeding
density of 1,500 cells per 1 pyl Sodium Alginate (2% w/v), exposed to 0,5 pl cross-linker for 5
min. These encapsulated LS180 spheroids have the potential to be employed as a novel

long-term culture method.

Key words: Hydrogels, LS180, rotating bioreactors, spheroids, sodium alginate, three-

dimensional cell culture.
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1. Introduction

Withdrawal of candidates from drug development programs have been estimated at 39% due
to deficiencies in pharmacokinetics (i.e. absorption, distribution, biotransformation and
excretion), with a further 21% due to toxicity indirectly attributed to disparities in
biotransformation (Tingle & Helsby, 2006). Current pre-clinical models used in the
assessment of drug biotransformation cannot always accurately predict in vivo
biotransformation and elimination (Brandon et al., 2006; Fang & Eglen, 2017). Since the
early 1950°s, cells cultured either in suspension or on solid flat surfaces as two-dimensional
monolayers (2D) have been used in drug discovery. Although 2D cell culture models are
convenient, efficient and have contributed to the establishment of a myriad of drug
candidates, these systems have certain disadvantages due to deficient cellular
communication as compared to cells in vivo, as well as limitations in terms of the time period
over which they can be grown (Antoni et al., 2015; Fang & Eglen, 2017). Novel three-
dimensional (3D) cell culturing techniques attempt to overcome these obstacles by providing
a cellular environment more closely related to the in vivo state, which will be able to increase
predictability of drug efficacy and toxicity prior to the initiation of clinical trials (Antoni et al.,
2015; Wrzesinski & Fey, 2015; Fang & Eglen, 2017).

Chemical entities entering the body undergo biotransformation to produce more polar water-
soluble molecules. This is accomplished by phase | and Il enzymatic systems mainly within
the liver and epithelial cells of the gastrointestinal tract (Liska, 1998; Paine et al., 2006;
Tingle & Helsby, 2006). Phase | reactions involve oxidation, reduction and hydrolysis,
converting most non-polar drugs to reactive oxygen intermediates that are further bio-
transformed by phase Il conjugation reactions to more polar compounds with increased
water solubility (Liska, 1998; Shargel et al., 2005). The phase | system is governed by the
mixed-function oxidase (MFO) enzyme system with the cytochrome P450 iso-enzyme family
(CYP) central to this system (Sheweita, 2000; Shargel et al., 2005), which accounts for 30%
of hepatic and 70% of intestinal bio-transformation activities (Pal & Mitra., 2006; Hellum &
Nilsen 2007). CYP3A is the most abundant CYP subfamily found within the intestinal
epithelium enterocytes, comprising of CYP3A3, 3A4, 3A5, 3A7 and 3A43 (Paine et al., 2006;
Thelen & Dressman, 2009). The majority of orally administered drugs undergoes
biotransformation by CYP3A (50%), CYP2D6 (25%) and CYP2C (20%) (Brandon et al.,
2006).

The human colon carcinoma cell line, LS180, is a micro-villus expressing cell line often used

as biotransformation model to study inhibition and induction by drug candidates in vitro
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(Brandon et al., 2006; Harmsen et al., 2008). It expresses PXR, CYP3A4 and CYP2B6 with
no polymorphisms present and these enzymes are inducible with rifampicin and 1a,25-
dihydroxyvitamin Ds, respectively (Brandon et al., 2006; Gupta et al., 2008). Furthermore, in
a study by Harmsen et al. (2008), it was stated that of immortalized human cell lines used in
biotransformation studies, the traditionally used hepatic HepG2 cell line was significantly
outperformed and found inferior to the LS180 cell line as a model to study CYP3A4 induction.
Gupta et al. (2008) also found that the LS180 cell line is a valuable model to study inhibition
of CYP3A4. For these reasons it is believed that the LS180 cell line is an ideal candidate to

serve as a 3D in vitro biotransformation model.

In some 3D cell culture techniques cells are grown as aggregates, called spheroids, in either
dynamic or static systems. This includes self-aggregation systems, liquid overlay systems,
spinner flasks and rotating micro-gravity bioreactors, hanging drop systems, using
microcarrier beads, scaffolds, collagen, hydrogel and Matrigel™ supports (Lin & Chang,
2008; Breslin & O‘Driscoll, 2013; Page et al., 2013; Soldatow et al., 2013, Wrzesinski & Fey,
2015). Each of these systems has advantages and drawbacks that should be assessed
individually before deciding on an appropriate method for a specific application. The
dynamic rotating micro-gravity bioreactors developed by Wrzesinski and Fey (2012a) provide
a simple method capable of mass production of relatively large cell spheroids, with better cell
differentiation and recovery to levels of physiologically (in vivo) relevant biochemical
characteristics. These spheroids are capable of data generation that correlates well with in
vivo data. This 3D cell culturing method requires specialized equipment, but nonetheless
offers dynamic control of culturing conditions with little batch to batch variation (Fey &
Wrzesinski 2012a; Wrzesinski et al., 2014; Tvardovskiy et al., 2015, Wojdyla et al., 2015,
Aucamp et al., 2017).

Biomaterials able to mimic the extracellular matrix have been investigated since the early
1980°'s. Hydrogels such as the anionic polymer alginate, which is obtained from brown
seaweed, can mimic the extracellular matrix of body tissues fairly well as it is biocompatible,
with relatively high diffusion rates of macromolecules, has a low toxicity, is cost effective and
biodegradable under normal physiological conditions (Gombotz & Wee, 2012; Lee &
Mooney, 2012). Biomedical applications of alginate range from wound healing to delivery of
bioactive agents, cell transplantation as well as tissue engineering and three-dimensional cell
culturing (Murua et al., 2008; Lee & Mooney, 2012). The aim of this study was to create a
new three-dimensional cell culture model based on LS180 cells, by combining the dynamic
rotating micro-gravity bioreactor technique with the micro-encapsulation technique using

sodium alginate.
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2. Materials and Methods

2.1 Materials

Sodium alginate, Poly-L-Lysine and ethylenediaminetetraacetic acid (EDTA) were purchased
from Sigma (Johannesburg, South Africa), calcium chloride dihydrate (CaCl,.2H,O) and
sodium chloride (NaCl) from UnivAR (SAARCHEM, Johannesburg, South Africa).
Phosphate buffered saline (PBS) was purchased from Whitehead Scientific (Cape Town,
South Africa).

2.2 Culturing LS180 cells

The human colorectal adenocarcinoma cell line, LS180 (American Type Culture Collection
cat. no. CL-187™, ATCC, Manassas, VA), was cultured using standard tissue culture
conditions in high glucose Dulbecco‘s Modified Eagle‘'s Medium (DMEM) (5.5g glucose/l)
(Hyclone, Merck, Johannesburg, South Africa). Medium was supplemented with 1% non-
essential amino acids (Lonza, Whitehead Scientific, Cape Town, South Africa); 10% fetal
bovine serum (FBS) (Thermo Fisher Scientific, Johannesburg, South Africa); 1%
penicillin/streptomycin ~ (Lonza, Whitehead Scientific, Cape Town, South Africa), 1%
Glutamine (Lonza, Whitehead Scientific, Cape Town, South Africa) and 1% Amphotericin B
(Biochrom, Randburg , South Africa). Cultures were incubated in a humidified atmosphere at
37°C, 5% CO; and 95% humidified air in a Thermo Scientific CO, incubator, with growth
medium exchanged every second day. Upon reaching 60% confluency, the cells were sub-

cultured by scraping the cells from culturing flasks.
2.3 Bioreactor setup

Bioreactors were prepared by filling the water chambers (Figure 1C) with distilled water and
adding approximately 8 ml growth medium to the cell chamber (Figure 1B). The bioreactors
were placed onto a drive-unit (BAM v 4.6 CelVivo, Denmark) in an incubator to rotate and
equilibrate overnight at 37°C and 5% CO,. Prior to the transfer of the spheroids to the cell
chamber of the bioreactor, all growth medium was removed, and 10 mL fresh medium was
added.
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Figure 1: Photograph of a bioreactor developed by Wrzesinski and Fey (Fey &
Wrzesinski, 2012b, USA PA 61/423,145, 2010) used to grow the LS180 spheroids, showing
the top opening (A), cell chamber (B) and water chamber (C).

2.4  Spheroid formation using AggreWell" plates

2.4.1 Seeding cells into AggreWell 400 plates

LS180 cells were seeded onto AggreWell"400 plates (Stemcel Technologies, Canada), at
seeding densities of 1.2 x 10°, 1.6 x 10%, 1.8 x 10°, 1.4 x 10*, 1.6 x 10* and 1.8 x 10* cells per
well. A cell suspension of 70% confluent LS180 cells was obtained by means of scraping.
Upon complete detachment of the cells the cell suspension was treated with 3 ml FBS and 5
ml warm growth medium, the cell suspension was agitated extensively with a pipette to
ensure complete detachment and de-agglomeration of the cells to form a suspension
consisting of single cells. Cells in the suspension were counted by means of a
hemocytometer and Trypan blue (Sigma Aldrich, Johannesburg, South Africa) staining. The
AggreWell 400 plate was rinsed once with 1 ml pre-warmed growth medium. The cell
suspension was subsequently diluted and seeded onto the AggreWell“400 plate, and the
volume was adjusted with pre-warmed growth medium to a final volume of 2 ml. The plate
was then centrifuged at 120 x g for 3 min. After centrifugation, the wells were inspected by
means of light microscopy to ensure even distribution of the cells in the wells. The plate was
placed in the incubator at 37°C and 5% CO, for a period of 24 hours. After 24 hours,
spheroids were removed from the AggreWell"400 plate using a pipette (Fey & Wrzesinski
2012b, Wojdyla et al., 2015, Aucamp et al., 2017). Spheroids were collected within a Petri

dish and inspected by means of light microscopy.
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2.4.2 Coating spheroids seeded in AggreWell 400 plates

LS180 cells were seeded on AggreWell “400 plates at a seeding density of 1.2 x 10° cells per
well. After removing the spheroids from the AggreWell”400 plates, the spheroids were
-eoated” with one of the following: fetal bovine calf serum at 50% v/v for 5 min or 100% v/v
for 5 min; EDTA at 2.5 mM, 5 mM and 10 mM for 5 min; and Poly-L-lysine at 0.01% v/v for 5
min, 0.007% v/v for 10 min, 0.004% v/v for 20 min and 0.0005% v/v for 30 min.

2.4.3 Seeding cells into AggreWell "800 plates and coating

LS180 cells were seeded in the AggreWell "800 plate as described in section 4.3.1. Cells
were seeded densities of 8.0 x10°, 1.2 x10* and 1.6 x10%, and the centrifugal force was
increased to 240 x g for 6 min. Cells were also seeded with 30% v/iv 5 mM EDTA, and
formed spheroids were alternatively also -eoated” with 5 mM EDTA for 10 min after removal
from the AggreWell 800 plate.

2.5 Spheroid formation using sodium alginate encapsulation

2.5.1 Preparation of sodium alginate and cross-linker

Sodium alginate solution of 0.6%, 0.7%, 0.8%, 1.0%, 1.5%, 2% and 5% wl/v, respectively,
were prepared in phosphate buffered saline and autoclaved after preparation. The cross-
linker solutions, which consisted of 50 mM CaCl, and 150 mM NaCl, were prepared in
distilled water and filtered with a 0.8/0.2 ym Acrodisc® PF Supor® membrane syringe filter
(PALL, Midrand, South Africa) to sterilize the solution.

2.5.2 Preparation of LS180 cell suspension for spheroid formation

A cell suspension was prepared from 80% confluent LS180 cells through trypsination. This
was done, since scraping the cells made it difficult to obtain a single cell suspension. Cells
were only trypsinized once before seeding. Cells were washed twice with 10 ml PBS
followed by the addition of 3 ml Trypsin-EDTA (Lonza, Whitehead Scientific, Cape Town,
South Africa) for 5 min at 37°C. Following trypsination, the cell suspension was treated with
3 ml FBS and 5 ml warm growth medium. The cell suspension was centrifuged for 5 min at
140 x g (EBA 21 Hettich centrifuge, Turttlingen, Germany) to remove the trypsin-containing
media. Growth medium (5 ml) was added and the pellet was re-suspended. The cell
suspension was then counted using a Sceptre cell counter (Merck Millipore, Johannesburg,
South Africa) and 60 um sensor tips (Merck Millipore, Johannesburg, South Africa). The cell
suspension was subsequently diluted to densities of 200, 400, 600, 800, 1,200, 1,500 and
2,000 cells per 1 pl. Following dilution, the cell suspension was again centrifuged at 140 x g
for 5 min, the supernatant was removed and the pellet gently re-suspended in 1 ml of the

prepared sodium alginate solutions at 37°C.
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2.5.3 Preparation of sodium alginate encapsulated spheroids

The LS180 cells, imbedded in the sodium alginate solution, were pipetted as 1 pl droplets
onto square blocks covered with hydrophobic paraffin film, as illustrated in Figure 2. After a
set amount was pipetted onto the blocks, a volume of either 0.5 pl or 1 pl of the 50 mM
CaCl,, 150 mM NaCl cross-linker solution was added to each droplet. The petri dish was
then covered and incubated at 37°C for 5, 10 or 20 minutes. Spheroids were collected into
growth medium after incubation and placed in the bioreactors. The speed of each bioreactor

was initially set between 14 and 16 rotations per minute (rpm).

% RN AT -
Figure 2: LS180 cells encapsulated in 2% w/v sodium alginate solution on a square

block, treated with 50 mM CaCl, and 150 mM NaCl cross-linker solution prior to transfer to

the bioreactor.

2.6 Encapsulated LS180 cell spheroid maintenance

The day the spheroids were transferred to the bioreactors, is referred to as day 1. The
growth medium was exchanged after three days of culturing during the first week, followed
by medium exchange every second day thereafter. Upon growth medium exchange, the
bioreactor was removed from the drive unit and the spheroids were allowed to settle at the
bottom of the bioreactor and the plug at the top of the cell chamber (see Figure 1A) was
removed. Approximately 90% of the spent growth medium was removed by using a 10 ml
syringe and 21‘G needle. Growth medium was slowly replaced, taking care not to disrupt the
spheroids, after which the plug at the top of the cell chamber was replaced. The plug cup
was washed with 70% v/v ethanol and the bioreactor was placed back onto the drive unit in
the incubator. Rotation speed was adjusted daily to keep the spheroids suspended in
essentially a stationary orbit’ (i.e. to prevent the spheroids from settling down).

Photomicrographs of the developing spheroids were taken on day 1, 7, 13, 21 and 28 using a
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Nikon Eclipse TS100 light microscope (Nikon Instruments, Tokyo, Japan) and a DFK
72AUC02 USB 2.0 color industrial camera (The Imaging Source, Bremen, Germany).

3 Results and Discussion

The initial method called for the culture of LS180 cells in spheroids by means of only the
dynamic rotating micro-gravity bioreactors developed by Wrzesinski and Fey (2012a).
Various seeding densities of the LS180 cells were seeded on AggreWell“400 plates, ranging
from 1.2 x 10° to 1.8 x 10* cells per well using methods previously published (Fey &
Wrzesinski 2012a; Tvardovskiy et al., 2015, Wojdyla et al., 2015, Aucamp et al., 2017). A
higher seeding density produced more compact and rounded spheroids than those from a
lower seeding density, however, all spheroids produced in this manner seemed to clump into
one big spheroid, or disintegrate into single cells within minutes of being placed within the

bioreactors.

Based upon these findings, it was attempted to alter the polarity of the outermost cells by
-eoating” the spheroids after formation in the AggreWell"400 plates. Various solutions to
achieve this can be found in the literature: fetal bovine calf serum,
ethylenediaminetetraacetic acid (EDTA) and Poly-L-lysine (Mazia et al., 1975; Yavin & Yavin,
1974; Lin & Sun, 1980; Khademhosseini et al., 2004; Gupta et al., 2008). By exposing the
spheroids to 5 mM EDTA, the spheroids -elumping” only started at a much later stage
compared to coating with all other solutions. The results suggested the combination of
-eoating” of the spheroids with 5 mM EDTA, an increased seeding density, centrifugation
time and force at which the AggreWell 400 plate is centrifuged was a distinct improvement in

the method to form viable spheroids.

The cells were also seeded in the AggreWell "800 plate, as this produces bigger spheroids.
LS180 cells were seeded at densities of 8.0 x 10°, 1.2 x 10* and 1.6 x 10, and the centrifugal
force was increased to 240 x g for 6 min. LS180 cells were also seeded with 30% v/v 5 mM
EDTA, and formed spheroids were incubated with 5 mM EDTA after removal from the

AggreWell 800 plate for 10 min to -coat” them.

The results indicated that spheroids formed from a higher seeding density and centrifuged at
higher centrifugal force for longer, produced more rounded, compact and dense spheroids.
By coating the formed spheroids, the time before clumping started was still further extended.
When forming spheroids in the AggreWell”800 plate exposed to 5 mM EDTA, spheroids
formed beautifully, but disintegrated into a single cell suspension upon removal them from
the AggreWell "800 plate.
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Hydrogels as a means to form spheroids prior to placement of the formed spheroids into the
rotating bioreactors was then considered. Sodium alginate concentrations between 0.6 and
1.5% w/v produced encapsulated spheroids, but the gel was not firm enough and the
spheroids were damaged during transfer to the bioreactors. LS180 cell seeding densities
ranging between 200 and 1,200 cells per 1 pl, produced spheroids with severely dispersed
cells and low cellular density (as seen in Figure 3), while at densities between 1 500 and
2 000 cells per 1 ul cells were more evenly distributed with an increased cellular density (as
shown in Figure 4A). It was also determined that 0,5 pl cross-linker, allowed to polymerize

for 5 min, was optimal as 10 min or longer caused the gel to dry out.

A B

Figure 3: Photomicrographs illustrating LS180 spheroids directly after encapsulation at
different seeding densities, namely 200 cells per 1ul (A); and 800 cells per 1ul (B) (4x
magnification and 22°C).

Figure 4 shows photomicrographs of developing LS180 spheroids encapsulated in 2% w/v
sodium alginate directly after seeding on day 1 with 1,500 cells/uL (A), day 7 (B), day 13 (C)

and day 28 (D) after transfer to the bioreactors.
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A B
C D
Figure 4: Photomicrographs illustrating LS180 spheroid development at different time

points, namely on day 1 directly after encapsulation (A), day 7 after being transferred to
rotating bioreactors (B), day 13 (C) and day 28 (D) (4x magnification and 22°C).

The encapsulated spheroids developed slowly for the first 10 days after transfer to the
rotating bioreactors. Thereafter, they developed at a quicker pace and the rotation speed
had to be adjusted frequently to compensate for the increasing spheroid weight as shown in
Table 1. After 21 days' incubation in the rotating bioreactors, the spheroids appeared
compact, optically dense and the rotation speed needed minimal adjustment suggesting
slowed growth. In Figure 5A, 21 day old LS180 cell spheroids can be seen in a bioreactor,
and Figure 5B illustrates the spheroids within a petri dish prior to imaging with a microscope.
Macroscopically, the encapsulated LS180 spheroids appeared compact, dense, well rounded
(spherical) with a relatively even edge and of equal size. The rotation tempos presented in
Table 1 also illustrates the fairly reproducible size of the spheroids, as the speeds of the

replicate rotating bioreactors were very consistent.
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Table 1: Rotation speeds for two replicate bioreactors containing the encapsulated
LS180 spheroids, as adjusted over time.
Rotations per Rotations per
Day minute in minute in Comments
Bioreactor 1 Bioreactor 2
0 15 15 Spheroids placed in rotating bioreactors.
1 15 15 Removed bubbles formed in bioreactors.
2 15 15 N/A
3 15,3 15,2 N/A
4 154 154 Culture medium exch_anged, bubbles removed
from bioreactors.
5 15,7 15,8 N/A
6 15,8 15,8 N/A
Culture medium exchanged, bubbles removed
7 16,0 16,0 . :
from bioreactors, photomicrographs taken.
8 16,2 16,2 Spheroids becoming more visible.
9 16.8 16.8 Culture medium exch_anged, bubbles removed
from bioreactors.
10 17,7 17,5 Spheroids visibly more dense.
1 18.8 18,8 Culture medium exch_anged, bubbles removed
from bioreactors.
12 19,0 19,0 N/A
Culture medium exchanged, bubbles removed
13 21,0 21,0 . .
from bioreactors, photomicrographs taken.
14 23,0 23,0 N/A
15 23,0 23,0 N/A
16 23,3 23,3 N/A
17 238 238 CuIturg medium exchanged, bubl?les removed
from bioreactors, uneven spheroids removed.
18 24,0 24,0 N/A
19 245 245 Culture medium exch_anged, bubbles removed
from bioreactors.
20 24,5 24.5 N/A
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Culture medium exchanged, bubbles removed
21 25 25 from bioreactors, photomicrographs taken,
spheroids clearly visible, dense and compact.

22 25 25 N/A

23 25,6 254 N/A

24 25,6 25,5 N/A

25 26,2 26,0 Culture medium exch_anged, bubbles removed

from bioreactors.

26 26,0 26,0 N/A

27 26,0 26,0 N/A

28 26,0 26,0 Photomicrographs taken.

Figure 5: Photographs of 21 day old LS180 cell spheroids, encapsulated in 2% wi/v
sodium alginate and cross-linker solution in a rotating bioreactor (A), and within a petri dish

prior to imaging (B).

4 Conclusion

Following the methods applied and various parameters adjusted, the method employing the
following parameters were most ideal for creating sodium alginate encapsulated cell
spheroids, namely 2% w/v sodium alginate, a seeding density of 1,500 cells per 1 upl and
exposure to 0.5 pl cross-linker for 5 min. This method allows us to construct LS180

encapsulated spheroids with the potential to be employed as a novel long term cultured cell
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method. This model has to be fully characterized to determine viability, CYP450 enzyme
expression and correlation to the in vivo situation. This will allow the model to be used as an
in vitro pre-clinical biotransformation model for the elucidation of drug metabolism, herb-drug
and drug-drug interactions and to study the induction and/or inhibition of the cytochrome

P450 enzyme family.
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Table S1: Seeding and treatment variations and combinations screened to establish encapsulated LS180 spheroids.
Seeding LS180
. ™ H
density cell suspension AggreWell Centrifugal Treatment Observations
3 . plate type force
(x 10%/uL) preparation
. 120x g . . . .
1.2 Scraping 400 5 min N/A Nice spheroids, spheroids disintegrate or clump.
. 120x g . . . .
1.6 Scraping 400 5 min N/A Nice spheroids, spheroids disintegrate or clump.
. 120x g . . . -
1.8 Scraping 400 5 min N/A Nice spheroids, spheroids disintegrate or clump.
14.0 Scraping 400 120 xg N/A Nice spheroids, more compact, spheroids disintegrate
5 min or clump.
16.0 Scraping 400 120 xg N/A Nice spheroids, more compact, spheroids disintegrate
5 min or clump.
18.0 Scraping 400 120 xg N/A Nice spheroids, more compact, spheroids disintegrate
5 min or clump.
192 Scraping 400 1520 xg 50% Fetal bovine serum. 5 min Nice spheroids, spher0|d_s disintegrate or clump within
min minutes.
1.2 Scraping 400 152?n)i(ng 100% Fetal bovine serum, 5 min Nice spheroids, spheroids disintegrate or clump.
192 Scraping 400 150 xg 2.5mM EDTA., 5 min Nice spheroids, spheroids disintegrate or clump within
min an hour.
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1.2

1.2

1.2

1.2

1.2

1.2

8.0

12.0

16.0

8.0

Scraping

Scraping

Scraping

Scraping

Scraping

Scraping

Scraping

Scraping

Scraping

Scraping

400

400

400

400

400

400

800

800

800

800

120x g
5 min

120x g
5 min

120x g
5 min

120x g
5 min

120x g
5 min

120x g
5 min

260 x g

6 min

260xgg

6 min

260 x g

6 min

260 x g

6 min
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5mM EDTA,
5 min

10mM EDTA,
5 min
0.01% Poly-L-lysine,

5 min

0.007% Poly-L-lysine,

10 min

0.004% Poly-L-lysine,
20 min

0.0005%, Poly-L-lysine,
30 min

Seeded in medium containing 30%
v/iv 5mM EDTA, coated after
seeding with 5 mM EDTA, 10 min

Seeded in medium containing 30%
v/iv 5mM EDTA, coated after
seeding with 5 mM EDTA, 10 min

Seeded in medium containing 30%
v/iv 5mM EDTA, coated after
seeding with 5 mM EDTA, 10 min

Coated after seeding with 5 mM
EDTA, 10 min

Nice spheroids, spheroids disintegrate or clump within
an hour.

Nice spheroids, spheroids disintegrate or clump within
an hour.

Nice spheroids, spheroids disintegrate or clump within
minutes.

Nice spheroids, spheroids disintegrate or clump within
minutes.

Nice spheroids, spheroids disintegrate or clump within
minutes.

Nice spheroids, spheroids disintegrate or clump within
minutes.

Spheroids disintegrate after removal from
AggrWell™800 plate.

Spheroids disintegrate after removal from
AggrWell™800 plate.

Spheroids disintegrate after removal from
AggrWell™800 plate.

Nice spheroids, spheroids clump within hour after
removal.
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12.0

16.0

0.2 cells per
i

0.2

0.2

0.2

0.2

0.2

0.2

Scraping

Scraping

Trypsinized

Trypsinized

Trypsinized

Trypsinized

Trypsinized

Trypsinized

Trypsinized

800

800

N/A

N/A

N/A

N/A

N/A

N/A

N/A

260x g

6 min

260 x g

6 min

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Coated after seeding with 5 mM
EDTA, 10 min

Coated after seeding with 5 mM
EDTA, 10 min

0.6% Sodium alginate, 0.5 or 1 pl

50 mM CaCl,-150 mM NaCl cross-

linker for 5, 10 or 20 min

0.7% Sodium alginate, 0.5ul 50 mM

CaCl,-150 mM NaCl cross-linker
for 5 min

0.8% Sodium alginate, 0.5ul 50 mM

CaCl,-150 mM NaCl cross-linker
for 5 min

1.0% Sodium alginate, 0.5ul 50 mM

CaCl,-150 mM NaCl cross-linker
for 5 min

1.5% Sodium alginate, 0.5ul 50 mM

CaCl,-150 mM NaCl cross-linker
for 5 min

2% Sodium alginate, 0.5yl 50 mM
CaCl,-150 mM NacCl cross-linker
for 5 min

5% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NaCl cross-linker
for 5 min

Nice spheroids, spheroids clump within hour after
removal.

Nice spheroids, spheroids clump within hour after
removal.

Gel too soft, optimal time for crosslinker is 5 min

otherwise gel dries out at 0.5 ul per droplet. Cells too

dispersed

Gel too soft, cells too dispersed

Gel too soft, cells too dispersed

Gel too soft, cells too dispersed

Gel too soft, cells too dispersed

Gel perfect, cells too dispersed

Gel may be too firm, this may influence diffusion rates.
Cells too dispersed

131



0.4

0.6

0.8

1.2

1.5

2.0

Trypsinized

Trypsinized

Trypsinized

Trypsinized

Trypsinized

Trypsinized

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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2% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NaCl cross-linker
for 5 min

2% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NacCl cross-linker
for 5 min

2% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NacCl cross-linker
for 5 min

2% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NaCl cross-linker
for 5 min

2% Sodium alginate, 0.5ul 50 mM
CaCl,-150 mM NaCl cross-linker
for 5 min

2% Sodium alginate, 0.5u1 50 mM
CaCl,-150 mM NaCl cross-linker
for 5 min

Cells too dispersed

Cells too dispersed

Cells too dispersed

Spheroids looking fuller, can add more cells

Cells perfectly dispersed

Spheroids may have too many cells
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FINAL CONCLUSIONS AND FUTURE RECOMMENDATIONS

1. FINAL CONCLUSIONS

The liver is responsible for over 500 metabolic functions, including biotransformation and
elimination of xenobiotic substances such as drugs and/or herbal entities. Liver injury
caused by drug candidates and herbal supplements can cause asymptomatic elevation of
liver enzymes, which may transpire into liver cirrhosis, fibrosis and without treatment even
acute liver failure. Clearly, pre-clinical safety and toxicity assessment of drug candidates and
herbal supplements, and the influence thereof on hepatotoxicity, are of great importance.
Various two-dimensional (2D) in vitro models are used in conjunction with in vivo models for
the pre-clinical assessment of drug biotransformation and hepatotoxicity. = However,
notwithstanding their advantages, all of these models are afflicted by various shortcomings
and restrictions. Conventional 2D cell culture models used to investigate pharmacokinetic
interactions and hepatotoxicity can only provide limited information due to a lack of
physiological relevance, which may result in inadequate or even erroneous conclusions,
while the use of animal models in scientific research causes an ethical dilemma. In addition,
experimental data obtained from animal models are not always successfully correlated to
humans, and some side effects may not even be detectable. It is therefore clear that a need
exists for new or alternative in vitro biotransformation and toxicity screening models, such as
three-dimensional (3D) cell culture systems, which can more closely resemble the in vivo
environment. Various 3D model systems are available, each offering specific advantages
and limitations. The research question, cell type and equipment available determine which
model is most suitable.

The primary aim of this study was to assess the suitability of the 3D HepG2/C3A cell line,
cultured as spheroids by means of the microgravity bioreactor technique, as an alternative in
vitro toxicity screening model. The effects of a crude aqueous extract of the commercially
available herbal remedy Xysmalobium undulatum (Uzara) were evaluated in the HepG2/C3A
spheroid model following acute and sub-chronic exposure. These effects were then
compared to effects measured in traditional 2D cultures of the HepG2/C3A cell line, and

results from an in vivo study employing the Sprague Dawley rat model.

Acute treatment with the crude Uzara aqueous extract in the 3D spheroid culture model
resulted in a marked growth inhibition, in a dosage dependent manner, when the inability to
utilize glucose and the reduction in spheroid surface area/biomass were taken into account.

The protein data obtained from the 2D cell culture model showed a similar trend of growth
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inhibition, albeit to a lower extent. Physiological parameters such as intracellular ATP levels
and actively released AK levels were evaluated as indicators of cell viability and toxicity.
Intracellular ATP and AK levels in the 3D model showed potential toxicity, but simultaneous
recovery at the lowest three concentrations of the crude Uzara aqueous extract tested (i.e.
200, 350 and 500 mg/kg). The 750 mg/kg crude Uzara aqueous extract, however, appeared
to be toxic since the intracellular ATP levels were below the levels seen for the untreated
control group and the actively released AK levels increased towards the end of the treatment.
Intracellular ATP levels in the 2D cell culture model were increased for all the crude Uzara
aqueous extract treatment groups, and this only decreased towards the end of the
experiment coinciding with a sharp increase in AK released. These results suggest toxicity
of the Uzara water extract for all the experimental groups when compared to the untreated
control group. The data from these experiments correlate well with published data for plant
extracts containing cardenolides, such as the major active constituent, uzarin, present in the
prepared crude Uzara aqueous extract (Krishna et al.,, 2015). This study highlighted the
superiority of the 3D spheroid model when evaluating acute herbal toxicity, as it provided
results more physiologically relevant when compared to the data from the 2D cell model,

which possibly inflated the potential toxicity of the crude Uzara aqueous extract.

Although it has widely been hypothesised that 3D cell culture models could potentially refine,
reduce or even replace in vivo animal models in pre-clinical drug biotransformation and
toxicity studies, validation of these 3D models‘ suitability for these applications is required. A
sub-chronic 21-day in vitro hepatotoxicity study with the HepG2/C3A spheroid culture model
was conducted where the spheroids were treated with X. undulatum crude water extract and
valproic acid (positive control). The effects observed were subsequently compared to effects
as a result of sub-chronic treatment of Sprague Dawley rats with the same model compound
during an in vivo hepatotoxicity study. Data indicated growth inhibition of the 3D spheroids
following treatment with both crude Uzara aqueous extract concentrations, as well as the
known hepatotoxin valproic acid. Also, a loss of cell viability and increased cytotoxicity could
be observed following valproic acid treatment, indicating hepatotoxicity as expected, and
correlating well with previously published data in both 3D spheroid cultures and in vivo
systems (Ahmed & Siddigi, 2006; Lee et al., 2008; Fey & Wrzesinski, 2013; Vitins et al.,
2014). The HepG2/C3A spheroid model also indicated the potential hepatotoxicity of the
crude Uzara aqueous extract at both 200 and 250 mg/kg, and this effect was moderately
concentration dependant. Similar results were seen following treatment of the in vivo
Sprague Dawley model. Increased levels of AST, ALT and LDH could be observed following
valproic acid treatment, with a slight increase in triglycerides, indicative of hepatic cellular

damage which could result in hepatotoxicity. The 250 mg/kg crude Uzara aqueous extract-
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treated group presented with slightly increased levels of AST, ALT, LDH and triglycerides,
while the 200 mg/kg crude Uzara aqueous extract showed only a slight increase in LDH and

triglycerides, also indicative of potential moderate hepatotoxicity.

The results from both the acute and sub-chronic studies confirmed the potential of the 3D
HepG2/C3A spheroid model to effectively and reliably predict possible hepatotoxicity. This
model represents a readily available in vitro model, capable of bridging the gap between
current 2D in vitro screening models and in vivo animal models. The 3D model therefore
presents the possibility of reducing costs and time in pre-clinical toxicity testing, as current
2D systems have low predictive value. Furthermore, the use of animal models can be
reduced by establishment of a reliable in vitro model, and in certain instances even replaced,

although animal models will probably not be completely removed from this process.

A collaborative effort with the department of Biochemistry at the North-west University also
explore the potential of the HepG2/C3A spheroid culture model for applications other than
toxicology. The possible use of 3D spheroid cell cultures to elucidate the origin and
biological functions of cell-free DNA (cfDNA) was investigated, and the results indicated that:
1) spheroids produced cfDNA, 2) changes in spheroid growth and stability were effectively
mirrored by cfDNA characteristics, and 3) cfDNA characteristics correlated with that of
previous 2D cell culture and human plasma research. It was found that 3D spheroid cultures
can potentially serve as effective, simplified, in vivo-simulating -elosed-circuit” models, since
putative sources of cfDNA are limited to only the targeted cells. In addition, cfDNA can also
serve as an alternative or auxiliary marker for tracking spheroid growth, development and

culture stability. This was the first study of its kind to our knowledge.

The secondary aim of this study was to establish a 3D spheroid model to effectively study
biotransformation, as current models to assess drug biotransformation cannot always
accurately predict in vivo biotransformation and elimination. To this end, the LS180 cell line
was established as a 3D spheroid cell culture model by means of the microgravity bioreactor
technique. Creating LS180 spheroids proved to be exceptionally challenging, and following
several adaptations to the AggreWell™ plate aggregation method it was eventually combined
with another 3D culturing method employing the hydrogel, sodium alginate. The following
method and parameters were established to be most ideal for creating sodium alginate-
encapsulated LS180 cell spheroids, namely 2% w/v sodium alginate, a seeding density of 1
500 cells per 1 ul, and exposure to 0.5 pl cross-linker for 5 min. This method enabled
production of encapsulated LS180 spheroids, with potential to be employed as a novel, long-

term cell culture method, the first of its kind to our knowledge.
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Many research as well as review manuscripts have propsed that three-diemsnional cell
culturing offers the potential to revolutionise pre-clinical drug screening and the potential of
this model to bridge the gap between in vitro, in vivo and clinical drug screening. By taking a
holistic view of the results obtained from this study it is possible to say that we are much
closer at obtaining these goals and proving these statements to be true. We have seen that
the three-dimesional spheroid model has the ability to give a more true representation of
toxicologigal responses when compared to traditional two-dimensional cell culturing
techniques. We also showed the possibility of predicting toxicologigal responses in vivo, by
comparing the results obtained to that of an animal model providing proof that this model
may indeed bringe the current gap, offering relief to the use of animal models in research.
We also proved that this model is not limited to toxicologigal research by exploring other cell
lines in an attempt to establish a three-dimensional bio-transformation model. That this
system and model can be used as a means to estabilish possible biomarkers has also been
proven and offers still another application of this system that warrents futher exploration and

development.

2. FUTURE RECOMMENDATIONS

Three-dimensional cell culturing is a rapidly developing field, and has tremendous potential
to revolutionise pre-clinical assessment of drug candidates and herbal compounds, as
indicated by the results obtained in this study. The question remains whether it can be
successfully employed in other scientific endeavours. The microgravity bioreactor technique
has the potential, as seen with the LS180 model, to be applied to various other immortalised
and primary cell lines, providing an opportunity to answer many more pressing research

questions, such as mechanism elucidation in cancer treatment.

Furthermore, the potential of extracts from the medicinal plant Uzara as cancer treatment
should be investigated, as the cardenolide uzarin present in Uzara has been shown to have
different modes of action in normal cells compared to cancerous cells. It appears to
stimulate proliferation, while inhibiting cell death in normal cells compared to growth inhibition

and stimulation of apoptosis in cancerous cells.

And finally, the 3D LS180 model has to be fully characterized to determine viability, CYP450
enzyme expression and correlation to the in vivo situation. This will enable its use as an in
vitro pre-clinical biotransformation model for the elucidation of drug metabolism, herb-drug
and drug-drug interactions, and to study the induction and/or inhibition of the cytochrome

P450 enzyme family.
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Thank you for choosing to submit your paper to us. These instructions will ensure we have
everything required so your paper can move through peer review, production and publication
smoothly. Please take the time to read and follow them as closely as possible, as doing so
will ensure your paper matches the journal's requirements. For general guidance on the

publication process at Taylor & Francis please visit our Author Services website.

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review
manuscript submissions. Please read the guide for ScholarOne authors before making a
submission. Complete guidelines for preparing and submitting your manuscript to this journal

are provided below.

A.2, ABOUT THE JOURNAL

Expert Opinion on Drug Metabolism & Toxicology is an international, peer-reviewed journal
publishing high-quality, review articles, original research, editorials and drug evaluation
articles on drug metabolism and toxicology. Please see the journal's Aims & Scope for
information about its focus and peer-review policy.Please note that this journal only publishes

manuscripts in English.

A.3. PEER REVIEW

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of
review. Once your paper has been assessed for suitability by the editor, it will then be double
blind peer-reviewed by independent, anonymous expert referees. Find out more about what

to expect during peer review and read our guidance on publishing ethics.

A.4. PREPARING YOUR PAPER

All authors submitting to medicine, biomedicine, health sciences, allied and public health
journals should conform to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, prepared by the International Committee of Medical Journal Editors
(ICMJE).
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File formatting: Keep all formatting to a minimum. Do not assign styles' to headings,
extracts or paragraphs. Make sure that the normal’ style is used throughout the text. Turn off

the automatic hyphenation feature.
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divide the text. Please use numbers (Arabic numerals) to indicate a hierarchy of
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Spelling: All articles will be published in American English. Authors are advised to check
their work for English spelling and grammar prior to submission. The Editorial Office can
assist with the process of preparing and submitting a manuscript with Taylor & Francis
Editing Services, offering authors: English language editing, translation (from Chinese,
Spanish, Portuguese or Japanese into English), manuscript formatting and figure

preparation.
Please see our formatting guide for full instructions.
A.7. REFERENCES

Please use this reference guide when preparing your paper. An EndNote output style is also

available to assist you.

Papers or patents of particular interest should be identified using one or two asterisk symbols
(* = of interest, ** = of considerable interest), and annotated with a brief sentence explaining

why the reference is considered to be of interest.
A.8. CHECKLIST: WHAT TO INCLUDE

1. Author details. Please ensure everyone meeting the International Committee of

Medical Journal Editors (ICJME) requirements for authorship is included as an author of your
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paper. Please include all authors' full names, affiliations, postal addresses, telephone
numbers and email addresses on the cover page. Where available, please also include
ORCiDs and social media handles (Facebook, Twitter or LinkedIn). One author will need to
be identified as the corresponding author, with their email address normally displayed in the
article PDF (depending on the journal) and the online article. Authors' affiliations are the
affiliations where the research was conducted. If any of the named co-authors moves
affiliation during the peer-review process, the new affiliation can be given as a footnote.
Please note that no changes to affiliation can be made after your paper is accepted. Read
more on authorship.

2. A structured abstract should cover (in the following order) .

3. A structured abstract of no more than 200 words. A structured abstract should cover
(in the following order):

o Introduction: Authors are required to describe the significance of the topic under
discussion.

o Areas covered: Authors are required to describe the research discussed and the
literature search undertaken.

o Expert Opinion/Commentary: Authors are required to summarise briefly their Expert

Opinion/Commentary section.

References must not be included in the abstract.

Read tips on writing your abstract.

4.  You can opt to include a video abstract with your article. Find out how these can help
your work reach a wider audience, and what to think about when filming.

5. 5-8 keywords. Read making your article more discoverable, including information on
choosing a title and search engine optimization.

6. Funding details. Please supply all details required by your funding and grant-awarding
bodies as follows: For single agency grants: This work was supported by the [Funding
Agency] under Grant [number xxxx]. For multiple agency grants: This work was supported by
the [Funding Agency 1]; under Grant [number xxxx]; [Funding Agency 2] under Grant
[number xxxx]; and [Funding Agency 3] under Grant [number xxxx].

7. Disclosure statement. This is to acknowledge any financial interest or benefit that has
arisen from the direct applications of your research. Further guidance on what is a conflict of
interest and how to disclose it.

8.  Geolocation information. Submitting a geolocation information section, as a separate

paragraph before your acknowledgements, means we can index your paper's study area
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accurately in JournalMap's geographic literature database and make your article more
discoverable to others. More information.

9.  Supplemental online material. Supplemental material can be a video, dataset, fileset,
sound file or anything which supports (and is pertinent to) your paper. We publish
supplemental material online via Figshare. Find out more about supplemental material and
how to submit it with your article.

10. A maximum of five figures. Figures should be high quality (1200 dpi for line art, 600
dpi for grayscale and 300 dpi for colour). Figures should be saved as TIFF, PostScript or
EPS files.

11. A maximum of five tables. Tables should present new information rather than
duplicating what is in the text. Readers should be able to interpret the table without reference
to the text. Please supply editable files.

12. Equations. If you are submitting your manuscript as a Word document, please ensure
that equations are editable. More information about mathematical symbols and equations.

13. Units. Please use Sl units (non-italicized).

A.9. USING THIRD-PARTY MATERIAL IN YOUR PAPER

You must obtain the necessary permission to reuse third-party material in your article. The
use of short extracts of text and some other types of material is usually permitted, on a
limited basis, for the purposes of criticism and review without securing formal permission. If
you wish to include any material in your paper for which you do not hold copyright, and which
is not covered by this informal agreement, you will need to obtain written permission from the
copyright owner prior to submission. More information on requesting permission to reproduce

work(s) under copyright.

A.10. FINANCIAL AND COMPETING INTERESTS DISCLOSURE

Please include a disclosure of interest statement, using the subheading -Financial and
competing interests disclosure.” If you have no interests to declare, please state this
(suggested wording: The authors report no conflicts of interest). For all NIH/Wellcome-funded
papers, the grant number(s) must be included in the disclosure of interest statement. Read

more on disclosing conflicts of interest.

A.11. CLINICAL TRIALS REGISTRY

In order to be published in a Taylor & Francis journal, all clinical trials must have been

registered in a public repository at the beginning of the research process (prior to patient
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enrolment). Trial registration numbers should be included in the abstract, with full details in
the methods section. The registry should be publicly accessible (at no charge), open to all
prospective registrants, and managed by a not-for-profit organization. For a list of registries
that meet these requirements, please visit the WHO International Clinical Trials Registry
Platform (ICTRP). If your country does not require registration, you can still register your trial
with http://clinicaltrials.gov/ or https://www.clinicaltrialsregister.eu/. The registration of all
clinical trials facilitates the sharing of information among clinicians, researchers, and patients,

enhances public confidence in research, and is in accordance with the ICMJE guidelines.

A.12. COMPLYING WITH ETHICS OF EXPERIMENTATION

Please ensure that all research reported in submitted papers has been conducted in an
ethical and responsible manner, and is in full compliance with all relevant codes of
experimentation and legislation. All papers which report in vivo experiments or clinical trials
on humans or animals must include a written statement in the Methods section. This should
explain that all work was conducted with the formal approval of the local human subject or
animal care committees (institutional and national), and that clinical trials have been
registered as legislation requires. Authors who do not have formal ethics review committees
should include a statement that their study follows the principles of the Declaration of

Helsinki.

A.13. CONSENT

All authors are required to follow the ICMJE requirements on privacy and informed consent
from patients and study participants. Please confirm that any patient, service user, or
participant (or that person's parent or legal guardian) in any research, experiment, or clinical
trial described in your paper has given written consent to the inclusion of material pertaining
to themselves, that they acknowledge that they cannot be identified via the paper; and that
you have fully anonymized them. Where someone is deceased, please ensure you have
written consent from the family or estate. Authors may use this Patient Consent Form, which

should be completed, saved, and sent to the journal if requested.

A.14. HEALTH AND SAFETY

Please confirm that all mandatory laboratory health and safety procedures have been
complied with in the course of conducting any experimental work reported in your paper.

Please ensure your paper contains all appropriate warnings on any hazards that may be
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involved in carrying out the experiments or procedures you have described, or that may be

involved in instructions, materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of
practice. Authors working in animal science may find it useful to consult the International
Association of Veterinary Editors' Consensus Author Guidelines on Animal Ethics and
Welfare and Guidelines for the Treatment of Animals in Behavioural Research and Teaching.
When a product has not yet been approved by an appropriate regulatory body for the use

described in your paper, please specify this, or that the product is still investigational.
A.15. SUBMITTING YOUR PAPER

The Expert Collection uses ScholarOne Manuscripts to manage the peer-review process. If
you haven't submitted a paper to this journal before, you will need to create an account in the
submission centre. Please read these guidelines and then submit your paper in the relevant

Author Centre, where you will find user guides and a helpdesk.

This Expert Collection journal accepts article proposals and presubmission enquiries via
direct email to the editorial team. Please read these guidelines and then submit your paper to

the Commissioning Editor. Please see our contacts page for details.

Please note that this Expert Collection journal uses Crossref™ to screen papers for
unoriginal material. By submitting your paper to Expert Opinion on Drug Metabolism &
Toxicology you are agreeing to originality checks during the peer-review and production

processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out

more about sharing your work.
A.16. PUBLICATION CHARGES
For invited content there are no submission fees or page charges.

Color figures will be reproduced in color in your online article free of charge. If it is necessary
for the figures to be reproduced in color in the print version, a charge will apply. Charges for
color figures in print are £250 per figure ($395 US Dollars; $385 Australian Dollars; 315
Euros). For more than four color figures, figures five and above will be charged at £50 per
figure ($80 US Dollars; $75 Australian Dollars; 63 Euros). Depending on your location, these

charges may be subject to local taxes.
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A.17.FASTTRACK AND RAPIDTRACK PUBLICATION

All publications in Expert Opinion on Drug Metabolism & Toxicology are driven entirely by
editorial considerations, and independent peer review. As part of the journal's responsive
approach to the publication of timely research results, Expert Opinion on Drug Metabolism &

Toxicology offers an optional, prioritized Fast Track publication for unsolicited articles.

We have the following service options from which you can choose:

FastTrack:

. Overall submission to online publication in 3-5 weeks.
. Peer review comments within 1-2 weeks.

. Publication support charge of $850/€625/£550 per published page.
RapidTrack:

. Overall submission to online publication in 7-9 weeks.
. Peer review comments in 3-4 weeks.
. Publication support fee of $400/€300/£260 per published page.

StandardTrack:

. Still a responsive and competitively rapid service.
. Overall submission to online publication within 14-16 weeks.

. Peer review comments in 8 weeks.

Please note that all manuscripts (irrespective of the service chosen) are subject to strict and
rigorous peer review. Acceptance for publication is solely dependent on the peer-review

outcome.

If you would like to discuss or select Fast Track publication, please contact the
Commissioning Editor before, or on the day of, submission. Please see our contacts page for
our Commissioning Editors' details.
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A.18. COPYRIGHT OPTIONS

Copyright allows you to protect your original material, and stop others from using your work
without your permission. Taylor & Francis offers a number of different license and reuse
options, including Creative Commons licenses when publishing open access. Read more on

publishing agreements.

A.19. COMPLYING WITH FUNDING AGENCIES

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into
PubMedCentral on behalf of authors, meeting the requirements of their respective open
access (OA) policies. If this applies to you, please tell our production team when you receive
your article proofs, so we can do this for you. Check funders' OA policy mandates here. Find

out more about sharing your work.

A.20. ACCEPTED AUTHOR VERSION (AAV)

This Expert Collection journal publishes manuscripts online as rapidly as possible (3 days
providing the copyright form has been received), as a PDF of the final, accepted (but
unedited and uncorrected) paper. This is clearly identified as an unedited manuscript and is
referred to as the Accepted Author Version (AAV). No changes will be made to the content of
the original paper for the AAV version but, after copy-editing, typesetting, and review of the
resulting proof, the final corrected version (the Version of Record [VoR]), will be published,

replacing the AAV version.

The VoR is the article version that will appear in an issue of the journal. Both the AAV
version and VoR can be cited using the same DOI (digital object identifier). To ensure rapid
publication, we ask you to return your signed publishing agreement as quickly as possible,

and return corrections within 48 hours of receiving your proofs.

A.21. MY AUTHORED WORKS

On publication, you will be able to view, download and check your article's metrics
(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis Online.
This is where you can access every article you have published with us, as well as your free

eprints link, so you can quickly and easily share your work with friends and colleagues.

We are committed to promoting and increasing the visibility of your article. Here are some

tips and ideas on how you can work with us to promote your research.
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A.22. ARTICLE REPRINTS

You will be sent a link to order article reprints via your account in our production system. For
enquiries about reprints, please contact the Taylor & Francis Author Services team at

reprints@tandf.co.uk. You can also order print copies of the journal issue in which your
article appears.

A.23. REFERENCES

Expert opinion on drug metabolism and Toxicology. 2016. Author guidelines. URL:
http://www.tandfonline.com/action/authorSubmission?show=instructions&journalCode=iemt2
0 Date of access: 20 September 2017.
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B.1. INSTRUCTIONS FOR AUTHORS

Thank you for choosing to submit your paper to us. These instructions will ensure we have
everything required so your paper can move through peer review, production and publication
smoothly. Please take the time to read and follow them as closely as possible, as doing so
will ensure your paper matches the journal's requirements. For general guidance on the

publication process at Taylor & Francis please visit our Author Services website.

This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer review
manuscript submissions. Please read the guide for ScholarOne authors before making a
submission. Complete guidelines for preparing and submitting your manuscript to this journal

are provided below.

B.2. ABOUT THE JOURNAL

Toxicology Mechanisms and Methods is an international, peer reviewed journal, publishing
high-quality, original research. Please see the journal's Aims & Scope for information about

its focus and peer-review policy.

Please note that this journal only publishes manuscripts in English.

This journal accepts the following article types: original papers and reviews.

B.3. PEER REVIEW

Taylor & Francis is committed to peer-review integrity and upholding the highest standards of
review. Once your paper has been assessed for suitability by the editor, it will then be single
blind peer-reviewed by independent, anonymous expert referees. Find out more about what

to expect during peer review and read our guidance on publishing ethics.

B.4. PREPARING YOUR PAPER

All authors submitting to medicine, biomedicine, health sciences, allied and public health
journals should conform to the Uniform Requirements for Manuscripts Submitted to
Biomedical Journals, prepared by the International Committee of Medical Journal Editors
(ICMJE).
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B.4.1. Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main
text introduction, methods, results, discussion and conclusion; acknowledgments; declaration
of interest statement; references; appendices (as appropriate); table(s) with caption(s) (on

individual pages); figures; figure captions (as a list).

B.4.2. Word count

Please include a word count for your paper. A typical paper for this journal should not exceed

12000 words; inclusive of tables, references, figure captions.

B.4.3. Style guidelines

Please refer to these style guidelines when preparing your paper, rather than any published

articles or a sample copy.

Please use American spelling consistently throughout your manuscript.

Please use single quotation marks, except where 'a quotation is "within" a quotation'. Please

note that long quotations should be indented without quotation marks.

B.4.4. Formatting and templates

Papers may be submitted in any standard format, including Word and LaTeX. Figures should
be saved separately from the text. To assist you in preparing your paper, we provide

formatting template(s).

Word templates are available for this journal. Please save the template to your hard drive,

ready for use.

If you are not able to use the templates via the links (or if you have any other template

queries) please contact authortemplate@tandf.co.uk

B.4.5. References

Please use this reference guide when preparing your paper. An EndNote output style is also

available to assist you.
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B.4.6. Checklist: what to include

1. Author details. Please ensure everyone meeting the International Committee of
Medical Journal Editors (ICJME) requirements for authorship is included as an author of your
paper. Please include all authors' full names, affiliations, postal addresses, telephone
numbers and email addresses on the cover page. Where available, please also
include ORCIiDs and social media handles (Facebook, Twitter or LinkedIn). One author will
need to be identified as the corresponding author, with their email address normally
displayed in the article PDF (depending on the journal) and the online article. Authors'
affiliations are the affiliations where the research was conducted. If any of the named co-
authors moves affiliation during the peer-review process, the new affiliation can be given as a
footnote. Please note that no changes to affiliation can be made after your paper is

accepted. Read more on authorship.

2. A non-structured abstract of no more than 250 words. Read tips on writing your
abstract.
3. You can opt to include a video abstract with your article. Find out how these can

help your work reach a wider audience, and what to think about when filming.

4, 5-10 keywords. Read making your article more discoverable, including information
on choosing a title and search engine optimization.

5. Funding details. Please supply all details required by your funding and grant-
awarding bodies as follows: For single agency grants: This work was supported by the
<Funding Agency> under Grant <number xxxx>. For multiple agency grants: This work was
supported by the <Funding Agency 1> under Grant <number xxxx><Funding Agency 2>
under Grant <number xxxx> and <Funding Agency 3> under Grant &li;number xxxx>.

6. Disclosure statement. This is to acknowledge any financial interest or benefit that
has arisen from the direct applications of your research. Further guidance on what is a
conflict of interest and how to disclose it.

7. Geolocation information. Submitting a geolocation information section, as a
separate paragraph before your acknowledgements, means we can index your paper's study
area accurately in JournalMap's geographic literature database and make your article more
discoverable to others.

8. Supplemental online material. Supplemental material can be a video, dataset,
fileset, sound file or anything which supports (and is pertinent to) your paper. We publish
supplemental material online via Figshare. Find out more about supplemental material and
how to submit it with your article.

9. Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale
and 300 dpi for colour). Figures should be saved as TIFF, PostScript or EPS files.
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10. Tables. Tables should present new information rather than duplicating what is in the
text. Readers should be able to interpret the table without reference to the text. Please
supply editable files.

11. Equations. If you are submitting your manuscript as a Word document, please
ensure that equations are editable. More information about mathematical symbols and
equations.

12. Units. Please use Sl units (non-italicized).

B.5. USING THIRD-PARTY MATERIAL IN YOUR PAPER

You must obtain the necessary permission to reuse third-party material in your article. The
use of short extracts of text and some other types of material is usually permitted, on a
limited basis, for the purposes of criticism and review without securing formal permission. If
you wish to include any material in your paper for which you do not hold copyright, and which
is not covered by this informal agreement, you will need to obtain written permission from the
copyright owner prior to submission. More information on requesting permission to reproduce

work(s) under copyright.

B.6. DISCLOSURE STATEMENT

Please include a disclosure of interest statement, using the subheading "Disclosure of
interest". If you have no interests to declare, please state this (suggested wording: The
authors report no conflicts of interest). For all NIH/Wellcome-funded papers, the grant

number(s) must be included in the disclosure of interest statement.

B.7. CLINICAL TRIALS REGISTRY

In order to be published in a Taylor & Francis journal, all clinical trials must have been
registered in a public repository at the beginning of the research process (prior to patient
enrolment). Trial registration numbers should be included in the abstract, with full details in
the methods section. The registry should be publicly accessible (at no charge), open to all
prospective registrants, and managed by a not-for-profit organization. For a list of registries
that meet these requirements, please visit the WHO International Clinical Trials Registry
Platform (ICTRP). The registration of all clinical trials facilitates the sharing of information
among clinicians, researchers, and patients, enhances public confidence in research, and is

in accordance with the ICMJE guidelines.
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B.8. COMPLYING WITH ETHICS OF EXPERIMENTATION

Please ensure that all research reported in submitted papers has been conducted in an
ethical and responsible manner, and is in full compliance with all relevant codes of
experimentation and legislation. All papers which report in vivo experiments or clinical trials
on humans or animals must include a written statement in the Methods section. This should
explain that all work was conducted with the formal approval of the local human subject or
animal care committees (institutional and national), and that clinical trials have been
registered as legislation requires. Authors who do not have formal ethics review committees
should include a statement that their study follows the principles of the Declaration of

Helsinki.

B.8.1. Consent

All authors are required to follow the ICMJE requirements on privacy and informed consent
from patients and study participants. Please confirm that any patient, service user, or
participant (or that person's parent or legal guardian) in any research, experiment, or clinical
trial described in your paper has given written consent to the inclusion of material pertaining
to themselves, that they acknowledge that they cannot be identified via the paper; and that
you have fully anonymized them. Where someone is deceased, please ensure you have
written consent from the family or estate. Authors may use this Patient Consent Form, which

should be completed, saved, and sent to the journal if requested.

B.8.2. Health and safety

Please confirm that all mandatory laboratory health and safety procedures have been
complied with in the course of conducting any experimental work reported in your paper.
Please ensure your paper contains all appropriate warnings on any hazards that may be
involved in carrying out the experiments or procedures you have described, or that may be

involved in instructions, materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of
practice. Authors working in animal science may find it useful to consult the International
Association of Veterinary Editors' Consensus Author Guidelines on Animal Ethics and
Welfareand Guidelines for the Treatment of Animals in Behavioural Research and Teaching.
When a product has not yet been approved by an appropriate regulatory body for the use

described in your paper, please specify this, or that the product is still investigational.
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B.9. SUBMITTING YOUR PAPER

This journal uses ScholarOne to manage the peer-review process. If you haven't submitted a
paper to this journal before, you will need to create an account in the submission centre.
Please read the guidelines above and then submit your paper in the relevant Author Centre,

where you will find user guides and a helpdesk.

If you are submitting in LaTeX, please convert the files to PDF beforehand (you will also

need to upload your LaTeX source files with the PDF).

Please note that Toxicology Mechanisms and Methods uses CrossCheck™ to screen papers
for unoriginal material. By submitting your paper to Toxicology Mechanisms and
Methods you are agreeing to originality checks during the peer-review and production

processes.

On acceptance, we recommend that you keep a copy of your Accepted Manuscript. Find out

more about sharing your work.
B.10. PUBLICATION CHARGES
There are no submission fees or page charges for this journal.

Color figures will be reproduced in color in your online article free of charge. If it is necessary

for the figures to be reproduced in color in the print version, a charge will apply.

Charges for color figures in print are £250 per figure ($395 US Dollars; $385 Australian
Dollars; €315). For more than 4 color figures, figures 5 and above will be charged at £50 per
figure ($80 US Dollars; $75 Australian Dollars; €63). Depending on your location, these

charges may be subject to local taxes.
B.11. COPYRIGHT OPTIONS

Copyright allows you to protect your original material, and stop others from using your work
without your permission. Taylor & Francis offers a number of different license and reuse

options, including Creative Commons licenses when publishing open access.
B.12. COMPLYING WITH FUNDING AGENCIES

We will deposit all National Institutes of Health or Wellcome Trust-funded papers into

PubMedCentral on behalf of authors, meeting the requirements of their respective open
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access (OA) policies. If this applies to you, please tell our production team when you receive
your article proofs, so we can do this for you. Check funders' OA policy mandates here. Find

out more about sharing your work.

B.13. OPEN ACCESS

This journal gives authors the option to publish open access via our Open Select publishing
program, making it free to access online immediately on publication. Many funders mandate
publishing your research open access; you can check open access funder policies and
mandates here.

Taylor & Francis Open Select gives you, your institution or funder the option of paying an
article publishing charge (APC) to make an article open access. Please
contact openaccess@tandf.co.uk if you would like to find out more, or go to our Author

Services website.

For more information on license options, embargo periods and APCs for this journal please

go here.

B.14. ACCEPTED MANUSCRIPTS ONLINE (AMO)

This journal publishes manuscripts online as rapidly as possible, as a PDF of the final,
accepted (but unedited and uncorrected) paper. This is clearly identified as an unedited
manuscript and is referred to as the Accepted Manuscript Online (AMO). No changes will be
made to the content of the original paper for the AMO version but, after copy-editing,
typesetting, and review of the resulting proof, the final corrected version (the Version of
Record [VoR]), will be published, replacing the AMO version.

The VoR is the article version that will appear in an issue of the journal. Both the AMO
version and VoR can be cited using the same DOI (digital object identifier). To ensure rapid
publication, we ask you to return your signed publishing agreement as quickly as possible,

and return corrections within 48 hours of receiving your proofs.

B.15. MY AUTHORED WORKS

On publication, you will be able to view, download and check your article's metrics
(downloads, citations and Altmetric data) via My Authored Works on Taylor & Francis Online.
This is where you can access every article you have published with us, as well as your free

eprints link, so you can quickly and easily share your work with friends and colleagues.
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We are committed to promoting and increasing the visibility of your article. Here are some

tips and ideas on how you can work with us to promote your research.
B.16. ARTICLE REPRINTS

For enquiries about reprints, please contact the Taylor & Francis Author Services team
at reprints@tandf.co.uk. To order a copy of the issue containing your article, please contact

our Customer Services team at Adhoc@tandf.co.uk.
B.17. SPONSORED SUPPLEMENTS

This journal occasionally publishes sponsored supplements alongside its schedule of regular
issues. Like our articles, all our supplements are expected to meet the same editorial
standards as the journal and are subject to approval of the Editor prior to acceptance. They
are indexed by the journal and offer targeted, cost-effective and high-impact reach. For more

information and to discuss your requirements, please contact charles.whalley@tandf.co.uk.
B.18. QUERIES

Should you have any queries, please visit our Author Services website or contact us

at authorqueries@tandf.co.uk.
Updated April 2016.
B.19. REFERENCES

Toxicology mechanisms and methods. 2016. Author guidelines. URL:

http://www.tandfonline.com/action/authorSubmission?show=instructions&journalCode=itxm2

0Date of access: 09November 2017
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APPENDIX C

DATA NOT PUBLISHED IN MANUSCRIPT:

Toxicity and anti-prolific properties of Xysmalobium undulatum
water extract during short term exposure to two-dimensional and

three-dimensional spheroid cell cultures

C.1. INTRODUCTION

This appendix represents data not plublished in the research article entitiled: —Foxicity and
anti-prolific properties of Xysmalobium undulatum water extract during short term exposure

to two-dimensional and three-dimensional spheroid cell cultures”.

It provides data on glucose consumtion, spheroid growth, intracellular ATP and AK release of

all experimental groups over time not normalised to the control group.
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Figure C1: Avergage glucose consumed (mmol/l) over time (n = 3, Error bars = SD)
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Average AK released per mL
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D.1. INTRODUCTION

Biochemical Pharmacology is an international peer reviewed journal devoted to publishing
original research and invited reviews and commentaries on the interaction of chemical
compounds with biological systems. Manuscripts describing experiments conducted with
chemical mixtures, plant or animal extracts will not be considered for publication unless the

chemical structures and precise concentrations of all substances are reported.

While particular emphasis is placed on reporting findings that relate to pharmacodynamics,
pharmacokinetics, and metabolism of both small molecules and biologics at the biochemical
and molecular levels, submissions in the areas of behavioral and physiological pharmacology
and toxicology are considered if they describe studies directed at defining mechanisms of
action. All areas related to the field of pharmacology are represented in the journal including,
but not limited to, chemotherapy, neuropharmacology, inflammation/immunopharmacology,
antimicrobials, behavioral, respiratory, gastrointestinal, cardiovascular and endocrine

pharmacology and toxicology.

Reports describing de novo results of clinical studies and those that predominately or
exclusively concern database mining and analysis and computational methodologies, e.g.

CAMD, are outside the scope of the journal.
D1.1. Types of papers

(1) Full-length Research Papers. Biochemical Pharmacology publishes original research
on issues of relevance to the field of pharmacology.
(2) Reviews and Commentaries. These articles are by invitation only and provide the

authors' views on a selected topic of interest to pharmacologists.
D1.2. Manuscript preparation and submission

Provided below is detailed information on the scientific criteria and manuscript formatting
required for an article to be considered for publication in Biochemical Pharmacology. The
online submission process includes the Scientific Checklist. Failure to complete the
Checklist, or a lack of a response to any items on the Scientific Checklist,
automatically disqualifies the work for consideration. Note especially items 1 - 4 as a
negative response to any of these automatically disqualifies the report for consideration.
See Mullane et al.,, Guidelines for Manuscript Submission in the Peer-Reviewed
Pharmacological Literature (Biochem. Pharmacol. 97:225-235, 2015;
http://www.sciencedirect.com/science/article/pii/S0006295215003585) for a  detailed
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discussion of the issues addressed in the Scientific Checklist.
D1.2.1. Scientific Submission Checklist
Please answer the following questions with "Yes", "No", or "Not applicable”.

Formatting-The submission will automatically be rejected if these first four questions are not
marked "yes"

1. As Biochemical Pharmacology does NOT publish supplemental data with the exception
of audio or video files, are all necessary data included in the body of the manuscript?

2. Are all tables and figures numbered and appropriately titled with descriptive legends that
permit stand-alone interpretation? Are all data shown in the tables and figures also described

in the Results section, discussed in the Discussion section and stated in the Conclusions?

Introduction
3. Is there a clear statement with background describing the hypothesis being tested by this

study? Are the primary endpoints clearly stated?

Materials and Methods

4. Were human tissues or fluids used in this study? Were the experiments reviewed and
approved by the Institutional review Board (IRB)?

5. Were animals used in the study? Has the species, strain, sex, weight and source of the
animals been provided? If used, is the method of anesthesia described? Were the
experiments reviewed and approved by the Instructional Animal Care and Use Committee
(IACUC).

6. Are the source(s) and passage number of cell lines indicated and authenticated by you
or the vendor?

7. Is (are) the chemical structure(s) of any new compound(s) presented as a figure or
referenced in the peer-reviewed literature?

8. Are the sources of all materials clearly indicated? If used, has the selectivity of antibodies
and/or interference RNA been validated and their source clearly indicated?

9. Is the rationale for the selection of concentrations, doses, route and frequency of
compound administration provided?

10. Are quantified results (e.g., IC50 and/or EC50 values) of concentration- and dose-
response experiments included in the manuscript?

11. Are all group sizes approximately the same and clearly indicated in the text and/or in
the tables and figures?

12. Were the criteria used for excluding any data from analysis determined prospectively

164



APPENDIX D

and clearly stated?

13. Was the investigator responsible for data analysis blinded to which samples/animals
represent control and treatment groups?

14. Are there ported data displayed as means +/-standard deviation (SD)? Is the number of
replicates of three or more independent experimental observations clearly indicated? Were
post-hoc tests used to assess the statistical significance among means? |s the threshold for
statistical significance (P value) clearly indicated?

Results

15. If western blots are shown, are the appropriate loading controls, replication data, and
quantification and statistical analysis shown?

16. If PCR and RT-PCR are included, were MIQE guidelines followed? Was a reference

standard (positive or negative controls) included in the study to validate the experiment?

Discussion

17. Are the primary conclusions and any secondary end points and their implications clearly
stated?

18. Are the limitations of the current study or alternative interpretations of the findings

clearly stated?

Conflict of Interest/Financial Support
19. Is a conflict of interest statement included in the manuscript?

20. Are all organizations providing funding for this work listed in Acknowledgements?
Please list any additional explanation(s) you feel may be necessary on the above questions:
D2. BEFORE YOU BEGIN

D.2.1. Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal

publication.
D.2.2. Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/ registrations, and grants or other funding. Authors must

disclose any interests in two places: 1. A summary declaration of interest statement in the
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title page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to
declare then please state this: 'Declarations of interest: none'. This summary statement will
be ultimately published if the article is accepted. 2. Detailed disclosures as part of a separate
Declaration of Interest form, which forms part of the journal's official records. It is important

for potential interests to be declared in both places and that the information matches.
D.2.3. Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as
an electronic preprint, see 'Multiple, redundant or concurrent publication' section of our ethics
policy for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in
the same form, in English or
inanyotherlanguage,includingelectronicallywithoutthewrittenconsentofthecopyright-holder. To

verify originality, your article may be checked by the originality detection service CrossCheck.
D.2.4. Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or
rearrangement. In the case of addition or removal of authors, this includes confirmation from

the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the manuscript has
already been published in an online issue, any requests approved by the Editor will result in

a corrigendum.
D.2.5. Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
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article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. Please note that your article will be

reviewed again by the new journal.
D.2.6. Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a

link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)

in the article. Elsevier has preprinted forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of open

access articles is determined by the author's choice of user license.

D.2.7. Author rights

As an author you (or your employer or institution) have certain rights to reuse your work.
D.2.8. Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

D.2.9. Open access

This journal offers authors a choice in publishing their research:

D.2.10. Subscription

¢ Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

¢ No open access publication fee payable by authors.
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D.2.11. Open access

« Articles are freely available to both subscribers and the wider public with permitted reuse.
e An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer

review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative

Commons user licenses:
D.2.12. Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
versions, adaptations or derivative works of or from an article (such as a translation), include
in a collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the

author's honor or reputation.
D.2.13. Creative Commons Attribution-Non Commercial-No Derivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they

do not alter or modify the article.

The open access publication fee for this journal is USD 3800, excluding taxes. Learn more

about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
D.2.14. Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access
page for further information. Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the
version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of time is

needed for journals to deliver value to subscribing customers before an article becomes
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freely available to the public. This is the embargo period and it begins from the date the

article is formally published online in its final and fully citable form. Find out more.
This journal has an embargo period of 12 months.
D.2.15. Submission

All  articles must be in editable files (e.g. Word, LaTeX) and submitted

online at http://ees.elsevier.com/bcp. Articles submitted as pdfs will not be processed.
D.2.16. Categories

Authors must indicate on the title page which of the following categories best describes their
work:

*Antibiotics and Chemotherapeutics

*Cardiovascular Pharmacology

*Gastrointestinal Pharmacology

Inflammation and Immunopharmacology

*Metabolic Disorders and Endocrinology

*Neuropharmacology

*Pharmacokinetics and Drug Metabolism

*Pulmonary, Renal and Hepatic Pharmacology

*Toxicology

D.3. PREPARATION

D.3.1. Manuscript preparation
Language

Neither the Editorial Board nor the reviewers will provide detailed advice for improving the
grammar and clarity of a manuscript, regardless of the scientific merit of the work. Authors
are responsible for ensuring the article is written in clear English. Either American or British
usage is accepted, but not a combination of the two. Manuscripts lacking linguistic clarity or
that are not prepared according to the style guidelines outlined below will not be considered
for publication. Authors can have their manuscript language-edited. See English Editing

Services under Useful Links below.
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D.3.2. Use of Word Processing Software

See http://www.elsevier.com/data/assets/pdf_file/0003/91173/Brochure_UPP_April2015.pdf

for specific instructions about recommended programs for manuscript preparation, including

directions about the placement of mathematical equations, tables and figures and the use of

spell-check and grammar-check.
D.3.3. Article Layout

Reports must be written in English with the pages numbered sequentially. The text
must be double-spaced in single-column format with 1" or 25 mm margins. Size 12
(point) Times Roman or Arial font is preferred. The article must be divided into clearly
defined sections. The required sections are Introduction, Materials and Methods, Results,
Discussion, and References. See Mullane et al., Guidelines for Manuscript
Submission in the Peer-Reviewed Pharmacological Literature (Biochem. Pharmacol.97:225-
235, 2015; http://www.sciencedirect.com/science/article/pii/S0006295215003585) for a
detailed discussion of the topics that must be covered in each section. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ), 1.2, etc. The abstract is not included in section
numbering. This numbering should be used for internal cross-referencing in the text.

Subsections may be assigned a brief heading that appears alone on a separate line.
D.3.4. Title and Abstract

The article title should be concise but informative. All abbreviations must be spelled out fully

when first mentioned in the abstract or body of the report.
D.3.5. Keywords

Immediatelyfollowingtheabstracttheauthorsmustprovideupto6keywordsforindexingpurposes.
American spelling must be used, avoiding general and plural terms and multiple concepts.

Only established abbreviations may be proposed as keyword.
D.3.6. Acknowledgments

Acknowledgments must be listed in a separate section at the end of the article before the
references. The Acknowledgments should include the names of individuals, organizations

and funding agencies that provided assistance in underwriting and reporting the work.
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D.3.7. Nomenclature and abbreviations

Receptor and ion channel nomenclature must conform to guidelines of the Committee on
Receptor Nomenclature and Drug Classification of the International Union of Basic and
Clinical Pharmacology (IUPHAR) (http://www.guidetopharmacology.org/nomenclature.jsp).
Use only abbreviations that are generally accepted by the scientific community. Click HERE
to view the full list of abbreviations that can be employed without definition. Drugs or other
compounds should only be identified by their chemical or generic names. The source,
including company name and location, for all chemicals, reagents, cell lines, tissue, and

experimental animals must be provided in Materials and Methods.
D.3.8. GenBank

GenBank accession numbers should be typed in bold, underlined text. Letters in the
accession number should always be capitalized. Example: a B-cell tumor from a chronic
lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma (GenBank
accession no. AA361117). In the final electronic version of the article, the accession number

text will be linked to the appropriate source in the NCBI databases.
D.3.9. Footnotes

Footnotes should be used sparingly and numbered consecutively throughout the text.
Indicate the position of footnotes in the text and list them separately at the end of the article.

Do not include footnotes in the Reference list.
D.3.10. Figure Legends

lllustrations must have a caption that is listed separately from the figure in the submitted
version of the work. The caption should be self-explanatory without the need to reference the
accompanying text. All symbols appearing on the illustration must be clearly defined in the

figure legend.
D.3.11. Tables

All tables must be numbered consecutively in Arabic numerals and cited in the text in their
order of appearance. Table titles should be brief and descriptive. Tables should appear
individually on separate pages in the submitted version of the work, together with a legend
that includes sufficient information about the experimental protocol and results so the reader

does not have to refer back to the text to understand the experimental protocol and findings.
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Tables should not have vertical lines, and the number of horizontal lines should be

minimized.
D.3.12. References

Citations in text
Ensure that every reference cited in the text is present in the reference list, and vice versa.
Unpublished results and personal communications should not appear in the reference list,

but may be indicated in the text.

Data references

This journal encourages you to cite underlying or relevant data sets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The

[dataset] identifier will not appear in your published article.

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, v1, 2015.
http://dx.doi.org/10.17632/xwj98nb39r.1.

Reference formatting

There are no strict requirements on reference formatting for the initial submission.
References can be in any style or format as long as they are consistent within the
manuscript. Regardless of the format, author(s) name(s), journal title/book title, chapter
title/article title, year of publication, volume number/book chapter and the pagination must be

shown. Use of DOI is encouraged.

Reference management software

Most Elsevier journals have a standard template available in key reference management
packages. This covers packages using the Citation Style Language, such as Mendeley
(http://www.mendeley.com/features/reference-manager/: Elsevier [Numeric, with titles]) and
also otherslikeEndNote(http://endnote.com/downloads/style/biochemical-pharmacology) and

Reference Manager(http://refman.com/downloads/styles/).

Institutional Email Address
As of January 1st, 2016 manuscripts will not be considered for publication in Biochemical

Pharmacology if the email address for the corresponding author does not reflect an affiliation
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with a research-based institution. Alternatively, the submission must include a separate
statement in English on institutional letterhead signed by an official responsible for research
activities for the institute from which the manuscript originates verifying the affiliation listed by

the corresponding author, along with the official's institutional email contact information.

Graphical Abstract

Authors asked to submit a revised version of the work for consideration must also supply a
graphical abstract at that time. The graphical abstract, which will be displayed on the online
Table of Contents, should provide a concise summary of the work in pictorial form designed
to capture the attention of a wide audience and for compilation of databases. Graphical
Abstract text should not exceed 30 words. The content of the graphical abstract should be
kept within an area of 5 cm tall by 17 cm wide (landscape shape). Authors are encouraged to
limit graphical abstracts to 189 pixels tall by 642 pixels wide to ensure the image and text will
be legible when displayed online. Authors must supply the graphic separately as an
electronic file. See
http://www.sciencedirect.com/science/journal/00062952/94/2forexamplesofgraphicalabstract

S.

Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives

them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly
link
yourdatasettoyourarticlebyprovidingtherelevantinformationinthesubmissionsystem.Formore

information, visit the database linking page.

For supported data repositories are pository banner will automatically appear next to your

published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
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article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation e-

mail to create an AudioSlides presentation after acceptance of their paper.

Interactive plots
This journal enables you to show an Interactive Plot with your article by simply submitting a
data file.

D.4. AFTER ACCEPTANCE
D.4.1 Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by

allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in thee-mail we send to authors, including alternative

methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is

solely your responsibility.
D.4.2. Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which

is sent once the article is accepted for publication. Both corresponding and co-authors may
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order offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through
the article DOIlink.

D.5. REFERENCES

Biochemical Pharmacology. 2014. Author guidelines. URL:

https://www.elsevier.com/journals/biochemical-pharmacology/0006-2952/quide-for-authors

Date of access: 10 November 2017.
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DATA NOT PUBLISHED IN MANUSCRIPT:

HepG2/C3A spheroid cultures as a screening tool for sub-chronic

hepatotoxicity studies compared to an in vivo model

E.1. INTRODUCTION

This appendix represents data not plublished in the research article entitiled: HepG2/C3A
spheroid cultures as a screening tool for sub-chronic hepatotoxicity studies compared to an

in vivo model.”

It provides data on intracellular ATP and AK release of all experimental groups over time not

normalised to the control group.
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Figure E1: Avergage intracellular ATP (uM) over time (n = 3, Error bars = SD)
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1.1. INTRODUCTION

Authors are urged to use the Preparation checklist for illustrations, see the paragraph
Electronic Artwork in this document. Manuscripts should contain evidence of submission of
nucleic acid sequences to appropriate databanks. Manuscripts should contain a word count.
Should the Editor request a revision, a revised version of the manuscript should be submitted

within eight weeks. After this period, the article will be seen as a new submission.

Types of articles

(see Format Requirements)

The journal publishes

. Short communications (up to 3,000 words)

. Regular articles (no invitation required, up to 5,000 words)
. Full-length reviews (upon invitation, 5,000 - 7,000 words)

. In Focus articles (upon invitation, up to 2,000 words)

Word counts are exclusive of references.
Contact details for submission
For questions on the submission and reviewing process, please contact Joanna Kargul,

Managing Editor at ijbcb@ucl.ac.uk.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more

details.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
. E-mail address

. Full postal address

All necessary files have been uploaded:

Manuscript:

. Include keywords

. All figures (include relevant captions)

. All tables (including titles, description, footnotes)

. Ensure all figure and table citations in the text match the files provided
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Indicate clearly if color should be used for any figures in print Graphical Abstracts/Highlights
files (where applicable) Supplemental files (where applicable)

Further considerations

. Manuscript has been 'spell checked' and 'grammar checked'

. All references mentioned in the Reference List are cited in the text, and vice versa
Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

A competing interests statement is provided, even if the authors have no competing interests

to declare
. Journal policies detailed in this guide have been reviewed
. Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.
1.2 BEFORE YOU BEGIN
.2.1.  Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal

publication.
1.2.2. Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/ registrations, and grants or other funding. If there are

no conflicts of interest then please state this: 'Conflicts of interest: none'.
.2.3. Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as
an electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. The

corresponding author is responsible for the full integrity of the submitted manuscript from its
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inception to publication. The corresponding author should ensure that all appropriate co-
authors and no inappropriate co-authors are included in the paper. He/she should also
ensure that all co-authors have seen and approved the final version of the paper and have
agreed to its submission for publication. To verify originality, your article may be checked by

the originality detection service CrossCheck http://www.elsevier.com/editors/plagdetect.

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation of
data, (2) drafting the article or revising it critically for important intellectual content, (3) final

approval of the version to be submitted.
.2.4. Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written confirmation
(e-mail, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Only in exceptional circumstances will the Editor consider the addition,
deletion or rearrangement of authors after the manuscript has been accepted. While the
Editor considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by the

Editor will result in a corrigendum.
1.2.5.  Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. Please note that your article will be

reviewed again by the new journal.
.2.6. Copyright
Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing

Agreement' (see more information on this). An e-mail will be sent to the corresponding author
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confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a

link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)

in the article. Elsevier has pre-printed forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete
an 'Exclusive License Agreement' (more information). Permitted third party reuse of open

access articles is determined by the author's choice of user license.
1.2.7.  Author rights

As an author you (or your employer or institution) have certain rights to reuse your work.
Elsevier supports responsible sharing. Find out how you can share your research published

in Elsevier journals.
.2.8. Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such

involvement then this should be stated.
.2.9. Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow authors to
comply with their funder's open access policies. Some funding bodies will reimburse the
author for the Open Access Publication Fee. Details of existing agreements are available

online.
1.2.10. Open access

This journal offers authors a choice in publishing their research:
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1.2.11. Subscription

. Articles are made available to subscribers as well as developing countries and patient
groups through our universal access programs.

. No open access publication fee payable by authors.

.2.12. Open access

. Articles are freely available to both subscribers and the wider public with permitted
reuse.
. An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same peer

review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative

Commons user licenses:
1.2.13. Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
versions, adaptations or derivative works of or from an article (such as a translation), include
in a collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the

author's honor or reputation.
1.2.14. Creative Commons Attribution-Non Commercial-No Derivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they

do not alter or modify the article.

The open access publication fee for this journal is USD 3800, excluding taxes. Learn more

about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
1.2.15. Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
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green open access options available. We recommend authors see our green open access
page for further information. Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the
version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of time is
needed for journals to deliver value to subscribing customers before an article becomes
freely available to the public. This is the embargo period and it begins from the date the
article is formally published online in its final and fully citable form. Find out more. This

journal has an embargo period of 12 months.
1.2.16. Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform offering
free lectures, interactive training and professional advice to support you in publishing your
research. The College of Skills training offers modules on how to prepare, write and structure
your article and explains how editors will look at your paper when it is submitted for
publication. Use these resources, and more, to ensure that your submission will be the best

that you can make it.
1.2.17. Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English

may wish to use the English Language Editing service available from Elsevier's WebShop.
1.2.18. Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single PDF
file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to
typeset your article for final publication. All correspondence, including notification of the

Editor's decision and requests for revision, is sent by e-mail.
1.2.19. Submit your article

Please submit your article via http://www.ees.elsevier.com/bc
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1.2.20. Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide

whether or not the suggested reviewers are used.
1.3. PREPARATION
1.3.1. Peer review

This journal operates a single blind review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of two independent expert reviewers to assess the scientific quality of the paper.
The Editor is responsible for the final decision regarding acceptance or rejection of articles.

The Editor's decision is final.
1.3.2. Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts, superscripts etc. When preparing tables, if you are using a table grid,
use only one grid for each individual table and not a grid for each row. If no grid is used, use

tabs, not spaces, to align columns.

The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of figures,
tables and text graphics will be required whether or not you embed your figures in the text.
See also the section on Electronic artwork. To avoid unnecessary errors you are strongly

advised to use the 'spell-check' and 'grammar-check’ functions of your word processor.
1.3.3. Article structure

The structure of the article differs per article type. Please refer to the "Structure requirements

for IIBCB articles" for detailed instructions for each article type.
1.3.4. Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
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numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
text'. Any subsection may be given a brief heading. Each heading should appear on its own

separate line.

1.3.5. Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig.
A.1, etc.

.3.6. Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

. Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower- case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including
the country name and, if available, the e-mail address of each author.

. Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

. Present/permanent address. If an author has moved since the work described in the
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address')
may be indicated as a footnote to that author's name. The address at which the author
actually did the work must be retained as the main, affiliation address. Superscript Arabic

numerals are used for such footnotes.
1.3.7. Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of
the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or

uncommon abbreviations should be avoided, but if essential they must be defined at their
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first mention in the abstract itself.
.3.8. Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image
size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution
of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example
Graphical Abstracts on our information site. Authors can make use of Elsevier's lllustration
Services to ensure the best presentation of their images and in accordance with all technical

requirements.
1.3.9. Highlight

Highlights are a short collection of bullet points that convey the core findings of the article.
Highlights are optional and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point). You can view example

Highlights on our information site.
1.3.10. Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of').
Be sparing with abbreviations: only abbreviations firmly established in the field may be

eligible. These keywords will be used for indexing purposes.
1.3.11. Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined
at their first mention there, as well as in the footnote. Ensure consistency of abbreviations

throughout the article.
1.3.12. Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
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references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g., providing

language help, writing assistance or proof reading the article, etc.).

1.3.13. Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:
1.3.13.1. Funding

This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the
Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaa). It is not necessary to include detailed descriptions
on the program or type of grants and awards. When funding is from a block grant or other
resources available to a university, college, or other research institution, submit the name of
the institute or organization that provided the funding. If no funding has been provided for
the research, please include the following sentence: This research did not receive any

specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
1.3.13.2. Units

Follow internationally accepted rules and conventions: use the international system of units

(SI). If other units are mentioned, please give their equivalent in Sl.
1.3.13.3. Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units
(SI). If other quantities are mentioned, give their equivalent in Sl. You are urged to consult

IUPAC: Nomenclature of Organic Chemistry for further information.
1.3.13.4. Math formulae

Please submit math equations as editable text and not as images. Present simple formulae
in  line with normal text where possible and use the solidus (/) instead of a horizontal line
for small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often more conveniently denoted by exp. Number consecutively any
equations that have to be displayed separately from the text (if referred to explicitly in the
text).
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1.3.13.5. Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes

themselves separately at the end of the article. Do not include footnotes in the Reference list.
1.3.13.6. Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse and
will be dealt with accordingly. For graphical images, this journal is applying the following
policy: no specific feature within an image may be enhanced, obscured, moved, removed, or
introduced. Adjustments of brightness, contrast, or color balance are acceptable if and as
long as they do not obscure or eliminate any information present in the original. Nonlinear

adjustments (e.g. changes to gamma settings) must be disclosed in the figure legend.

Electronic Artwork General points:

. Make sure you use uniform lettering and sizing of your original artwork.
. Save text in illustrations as 'graphics' or enclose the font.

. Only use the following fonts in your illustrations: Arial, Helvetica.

. Number the illustrations according to their sequence in the text.

. Use a logical naming convention for your artwork files.

. Provide captions to illustrations separately.

. Produce images near to the desired size of the printed version.

. Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats
Regardless of the application used, when your electronic artwork is finalised, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for

line drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi. TIFF:

198


http://www.elsevier.com/artworkinstructions

APPENDIX |

Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required. If your electronic artwork is created in a Microsoft Office application (Word,

PowerPoint, Excel) then please supply 'as is'.

Please do not:

. Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low;

. Supply files that are too low in resolution;

. Submit graphics that are disproportionately large for the content.
Preparation checklist for illustrations

Please ensure that molecular weight markers are included in all immune blot and gel figures.
For comparative studies, all the protein bands must originate from the same gel. Bar graphs
must include standard errors or standard deviations. Please avoid over-complicated coding
patterns for bars. Micrographs must include scale bars. Appropriately sized numbers, letters,
and symbols should be used so they are no smaller than 2.4 mm (10 pt) in size after
reduction to a single column width (7.84 cm or 3.085 inches), or a 2-column width (16.5 cm
or 6.5 inches). Superscript and subscript characters are included in this rule. Numbers,
letters, and symbols used in multi-paneled figures must be consistent. Figures should
preferably be drawn to occupy a single column width (7.84 cm or 3.085 inches).
Occasionally, the figures may occupy a double column width if such size enhances
presentation. Produce images near to the desired size of the printed version. Make sure that
the lettering is such that when the figure is in print, the size of the font is the equivalent to, or
slightly larger than the text of the journal. Axis labels should be printed with an initial capital
letter followed by lower case lettering with units in open brackets. Axis line width should be
uniform and 1 pt in thickness. Column and line diagrams should not be boxed or include
gridlines. Use a logical naming convention for your artwork files, and supply a separate listing

of the files and the software used.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of

whether or not these illustrations are reproduced in color in the printed version. For color
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reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color: in print or online

only.

Further information on the preparation of electronic artwork.
. Color charges in print apply only for regular articles, short communications and
unsolicited reviews.

. Color in print is free of charge for invited reviews and In Focus articles.
1.3.13.7. Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and

abbreviations used.
1.3.13.8. Tables

Please submit tables as editable text and not as images. Tables can be placed either next to
the relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data presented in
them do not duplicate results described elsewhere in the article. Please avoid using vertical

rules and shading in table cells.
1.3.13.9 References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as

'in press' implies that the item has been accepted for publication.
Reference links

Increased discoverability of research and high quality peer review are ensured by online links
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to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references
are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they

may already contain errors. Use of the DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press and full
citation details are not yet known, but the article is available online. A DOI is guaranteed
never to change, so you can use it as a permanent link to any electronic article. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles
slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in

the same style as all other references in the paper.
Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after

the reference list) under a different heading if desired, or can be included in the reference list.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The

[dataset] identifier will not appear in your published article.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.
Reference management software

Most Elsevier journals have their reference template available in many of the most popular
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reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal,

please follow the format of the sample references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking
the following link: http://open.mendeley.com/use-citation-style/international-journal-of-
biochemistry-and-cell-biology . When preparing your manuscript, you will then be able to

select this style using the Mendeley plug- ins for Microsoft Word or LibreOffice
Reference formatting

There are no strict requirements on reference formatting at submission. References can be
in any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following
examples:
Reference style
Text: All citations in the text should refer to:
1.  Single author: the author's name (without initials, unless there is ambiguity) and the
year of publication;
2. Two authors: both authors' names and the year of publication;
Three or more authors: first author's name followed by ‘et al.' and the year of

publication.

Citations may be made directly (or parenthetically). Groups of references should be listed
first alphabetically, then chronologically.Examples: 'as demonstrated (Allan, 2000a, 2000b,
1999; Allan and Jones, 1999). Kramer et al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters 'a’, 'b', 'c’, etc., placed after the year of publication.

Examples:
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Reference to a journal publication:
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in:
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New
York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer  statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13
March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1.
https://doi.org/10.17632/ xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150 MB in total. Any single file
should not exceed 50 MB. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including ScienceDirect. Please

supply 'stills" with your files: you can choose any frame from the video or animation or make a
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separate image. These will be used instead of standard icons and will personalize the link to
your video data. For more detailed instructions please visit our video instruction pages. Note:
since video and animation cannot be embedded in the print version of the journal, please
provide text for both the electronic and the print version for the portions of the article that

refer to this content.
Supplementary material

Supplementary material such as applications, images and sound clips, can be published with
your article to enhance it. Submitted supplementary items are published exactly as they are
received (Excel or PowerPoint files will appear as such online). Please submit your material
together with the article and supply a concise, descriptive caption for each supplementary
file. If you wish to make changes to supplementary material during any stage of the process,
please make sure to provide an updated file. Do not annotate any corrections on a previous
version. Please switch off the "Track Changes' option in Microsoft Office files as these will

appear in the published version.
1.4. RESEARCH DATA

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that validate
research findings. To facilitate reproducibility and data reuse, this journal also encourages
you to share your software, code, models, algorithms, protocols, methods and other useful

materials related to the project.

Below are a number of ways in which you can associate data with your article or make a
statement about the availability of your data when submitting your manuscript. If you are
sharing data in one of these ways, you are encouraged to cite the data in your manuscript
and reference list. Please refer to the "References" section for more information about data
citation. For more information on depositing, sharing and using research data and other

relevant research materials, visit the research data page.
1.4.1. Data linking

If you have made your research data available in a data repository, you can link your article
directly to the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with relevant repositories, giving readers access to underlying data that gives

them a better understanding of the research described.
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There are different ways to link your datasets to your article. When available, you can directly
link your dataset to your article by providing the relevant information in the submission

system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your

published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN).

1.4.2. Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including
raw and processed data, video, code, software, algorithms, protocols, and methods)
associated with your manuscript in a free-to-use, open access repository. Before submitting
your article, you can deposit the relevant datasets to Mendeley Data. Please include the DOI
of the deposited dataset(s) in your main manuscript file. The datasets will be listed and
directly accessible to readers next to your published article online. For more information, visit

the Mendeley Data for journals page.
1.4.3. Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple data articles, a new kind of article that houses and describes your
data. Data articles ensure that your data is actively reviewed, curated, formatted, indexed,
given a DOI and publicly available to all upon publication. You are encouraged to submit your
article for Data in Brief as an additional item directly alongside the revised version of your
manuscript. If your research article is accepted, your data article will automatically be
transferred over to Data in Brief where it will be editorially reviewed and published in the
open access data journal, Data in Brief. Please note an open access fee of 500 USD is
payable for publication in Data in Brief. Full details can be found on the Data in Brief website.

Please use this template to write your Data in Brief.
.4.4. MethodsX

You have the option of converting relevant protocols and methods into one or multiple
MethodsX articles, a new kind of article that describes the details of customized research

methods. Many researchers spend a significant amount of time on developing methods to fit
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their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it
searchable, peer reviewed, citable and reproducible. Authors are encouraged to submit their
MethodsX article as an additional item directly alongside the revised version of their
manuscript. If your research article is accepted, your methods article will automatically be
transferred over to MethodsX where it will be editorially reviewed. Please note an open
access fee is payable for publication in MethodsX. Full details can be found on the MethodsX

website. Please use this template to prepare your MethodsX article.
1.4.5. Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data is
unavailable to access or unsuitable to post, you will have the opportunity to indicate why
during the submission process, for example by stating that the research data is confidential.
The statement will appear with your published article on ScienceDirect. For more information,

visit the Data Statement page.
1.5. ARTICLE ENRICHMENTS
1.5.1. AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation e-

mail to create an AudioSlides presentation after acceptance of their paper.
1.5.2. Antibody data

Antibody Data is the reference application linking to information about the antibodies
mentioned in the article, based on the NIF Antibody Registry. Authors are encouraged to
include relevant antibody identifiers in their articles (e.g. Antibody Registry: AB_878537 or
RRID: AB_878537) if appropriate.

1.5.3. Interactive plots

This journal enables you to show an Interactive Plot with your article by simply submitting a
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data file.
I.5.4. Virtual Microscope

The journal encourages authors to supplement in-article microscopic images with
corresponding high resolution versions for use with the Virtual Microscope viewer. The
Virtual Microscope is a web based viewer that enables users to view microscopic images at
the highest level of detail and provides features such as zoom and pan. This feature for the
first time gives authors the opportunity to share true high resolution microscopic images with
their readers. Authors of this journal will receive an invitation e-mail to create microscope
images for use with the Virtual Microscope when their manuscript is first reviewed. If you opt
to use the feature, please contact virtualmicroscope@elsevier.com for instructions on how to

prepare and upload the required high resolution images.
1.6. AFTER ACCEPTANCE
1.6.1.  Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions
from the Copy Editor. Web-based proofing provides a faster and less error-prone process by

allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative

methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is

solely your responsibility.
1.6.2.  Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
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free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final published
version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

.7. AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything
from Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article

will be published.
1.8. REFERENCES

The International Journal of Biochemistry and Cell Biology. 2017. Author guidelines. URL:
https://www.elsevier.com/journals/the-international-journal-of-biochemistry-and-cell-
biology/1357-2725/guide-for-authorsDate of access: 12 October 2017.
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J.1. AIMS AND SCOPE

The Journal of Cell Biology (JCB) is a broad journal that publishes original findings on all
aspects of cell biology. We consider papers reporting new cellular or molecular advances in
any areas of basic cell biology as well as papers that describe applied cell biology in a variety
of systems including, but not limited to, immunology, neurobiology, metabolism, virology,
developmental biology, and plant biology. We welcome all submissions that describe new

findings of significant interest to cell biologists, regardless of the experimental approach.

If you are wondering whether your manuscript is appropriate for JCB, please feel free to
contact the editorial office at cellbio@rockefeller.edu and we will respond to your

presubmission inquiry as quickly as possible.
J.2. CRITERIA

To warrant publication in JCB, a manuscript must provide novel and significant insight into a
cellular function or process. Insights may be significant because they are of great interest to
a subset of cell biologists or because they offer an advance that is of intrinsic interest to a

broad cell biological audience.
J.3. MANUSCRIPT TYPES

o Articles present a comprehensive analysis providing novel and significant
mechanistic insight into an area of interest to our general readership. Articles are fully
documented reports of original research that are as concise as possible without
compromising the documentation of results. Articles should be no more than 40,000
characters (not including spaces, methods, or references), with up to 10 figures and/or
tables. Articles may have up to five supplemental items and references are unlimited.

o Reports offer definitive observations of outstanding interest that have the potential to
open up new avenues of research. Reports describe cutting-edge findings of immediate
interest to a wide readership. Reports are no more than 20,000 characters (not including
spaces, methods, or references), with up to five figures and/or tables. Reports may have up
to three supplemental items and references are unlimited.

o Tools describe new methods or datasets (e.g., screens, systems-wide analyses, or
computational modeling) of immediate value and broad utility to the cell biology community.
Papers presenting methods should describe a technological advance of broad/general
interest that permits the interrogation of cell biological problems in ways previously

impossible and include novel cell biological insight as a proof of principle. For datasets,
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authors must provide a compelling proof of principle that analysis of the dataset yields novel
cell biological insights. Tools are no more than 40,000 characters (not including spaces,
methods, or references), with up to 10 figures and/or tables. Tools may have up to five

supplemental items and references are unlimited.
J.4. FRONT MATTER FORMATS

Most front matter in JCB is commissioned by the editors. However, we do accept proposals

for the following formats.

o Reviews are peer-reviewed, comprehensive overviews on a topic of interest to the
broad JCB readership. Reviews are usually 4,000—6,000 words in length and include three to
four figures/tables. The number of references is unlimited.

o Spotlights highlight primary research articles published in JCB or a recent issue of
another journal. Most Spotlights are commissioned, but proposals will be considered.
Spotlights are 1,500 words in length, with no more than 15 references and one figure/table.

o Viewpoint articles put forth original models and hypotheses on cutting-edge cell
biological research. This format is intended to stimulate discussion and/or the development
of new research. These forward-looking articles should build on recent advances in a given
field, and hypotheses should rest on published data. Viewpoints are 1,500-2,000 words in

length, with no more than 15 references and one figure/table.
J.5. EDITORIAL PROCESS

At JCB, all editorial decisions on research manuscripts are made through collaborative
consultation between in-house professional scientific editors and the academic editorial
board. The final decision lies with the academic editors. We strive to provide exceptional

service by ensuring timely, objective, and rigorous decision making.

Upon submission, manuscripts are reviewed by at least one in-house scientific editor and
one member of the editorial board for general suitability and strength of advance. An initial

decision whether to peer review the paper is typically reached within three to four days.

If sent for full review, the manuscript is refereed by leading scientists active in the relevant
field regardless of their membership on the JCB editorial board. All reviewers have the
opportunity to see and comment on each other's reports, ensuring that peer review is
objective and balanced. Decisions after review are communicated jointly by the academic

and professional editors.
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Following review, we will encourage resubmission if revisions seem feasible within three to
four months. We provide clear, detailed decisions that describe exactly what would be
needed for publication in JCB. We will not reassess novelty when you resubmit your revision,
even if related work has been published. We re-review manuscripts only when necessary. In
many cases, an academic editor will make the final decision on a resubmission without

further expert review. Our policy is to only allow a single round of major revision.

If revisions will likely take longer than three to four months, we typically advise authors to
submit elsewhere. However, authors are free to appeal and request the opportunity to

resubmit to JCB at a later time.

Authors can appeal editorial decisions through the online manuscript submission system.
They may also transfer their manuscript, reviewer comments, and reviewer identities to
another journal through our transfer system (see our Transfer policy). Reviewers may opt out

of having their identity transferred.
J.6. EDITORIAL BOARD

The JCB editorial board is comprised of over 100 leading scientists from across the breadth
of cell biology. Editorial board members are responsible for making timely, thoughtful, and
objective editorial decisions on manuscripts in their research area. Editorial board members
are renewed every two years. All editorial board members are added and renewed by the
Executive Editor and Editor-in-Chief.

In addition to the editorial board, JCB has a team of 10 academic editors who, in addition to
making editorial decisions, also contribute to discussions regarding editorial policy and
editorial board appointments. These editors are identified on the journal masthead and
website. They serve three-year terms. Editors are added and renewed by the Executive
Editor and Editor-in-Chief.

The JCB Editor-in-Chief and Executive Editor are appointed by the Executive Director of The
Rockefeller University Press.

J.7. REVIEWER GUIDELINES

Reviewers are to contact the editor to discuss any potential conflicts of interest prior to
accepting an invitation to peer review a manuscript. Reviewers are asked to comment on the
level of conceptual advance and broad interest, as well as the technical rigor, statistical

analysis, and presentation of the manuscript. We ask that reviewers provide references
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where possible when describing overlap between the current manuscript under consideration
and past work done in the field, particularly when such overlap is suggested to undermine
the novelty of the work under consideration. Reviewers will have the opportunity to see each
other’s comments, and modify their own comments in response, before a decision is made

on a manuscript.

Reviewers are expected to provide critical yet respectful comments for authors. Reviewers
are to treat information from an unpublished manuscript as confidential at all times. If a
reviewer needs advice from a colleague or collaborator while peer reviewing a manuscript,
they should contact the editor in advance. Co-reviewing manuscripts with trainees (graduate
students and postdocs) is allowed. However, this is to be indicated in the confidential
comments to the editor, and we expect that the senior reviewer has independently evaluated

the manuscript and approved the final comments.

We feel consistency in peer review is important; therefore, we request that reviewers commit

to reviewing future versions of the manuscript if needed.
J.8. EDITORIAL POLICIES
J.8.1. Duplicate publication

When submitting a manuscript, the authors should affirm that no similar manuscript
(including book chapters) is or will be under consideration for publication elsewhere (other
than as an abstract that is less than 400 words in length and contains no figures). Any
unpublished articles that are related to or could be perceived to overlap with the submitted
manuscript must be included for evaluation by the editors and reviewers. Doctoral theses or

dissertations are not regarded as prior publications.
J.8.2. Preprint policy

Posting of manuscripts to a community preprint server by the author does not preclude
consideration for publication. Authors who post their work as a preprint should identify the
preprint server and include the accession number or DOI during submission. Upon
publication, authors should request that the community preprint server acknowledge that the
work has been published and that the journal reference (including a DOI link to the published
article) be included. See Reference Guidelines for formatting of citations to manuscripts
posted to preprint servers. Citation of a previous preprint version of the manuscript under

consideration should be included as a footnote.
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J.8.3. Animal and human studies

All animal and human studies must be conducted in compliance with relevant local
guidelines, such as the US Department of Health and Human Services Guide for the Care
and Use of Laboratory Animals or MRC guidelines, and must be approved by the authors'
Institutional Review Board(s). A statement to this effect with the name of the approving
IRB(s) must be included in the Materials and methods section. All investigations with human
subjects must be conducted according to the principles expressed in the Helsinki Declaration
and must include a statement that informed consent was obtained from all subjects. We

strongly encourage authors to use the appropriate Reporting Guidelines for their study type.
J.8.4. Data integrity and plagiarism

All accepted manuscripts will go through a plagiarism and image screening check prior to
publication. We use Crossref Similarity Check to detect for textual similarity with other

publications, including instances of self-plagiarism.

Images should be minimally processed and accurately reflect the original data. We
understand that image processing may be necessary and is appropriate in most instances.
Our screening process examines the following: whether any specific feature within an image
has been enhanced, obscured, moved, removed, or introduced; whether dividing lines are
added between juxtaposed images taken from different parts of the same gel or from
different gels, fields, or exposures; whether adjustments of brightness, contrast, or color
balance have been applied to the entire image and that adjustments do not enhance, erase,
or misrepresent any information present in the original, including the background. We also
look for duplicated images within the manuscript; any reuse of images, including control data,
across multiple figures should be explicitly stated and justified in the legend. Nonlinear
adjustments (e.g., changes to gamma settings) must be disclosed in the figure legend or

Materials and methods section.

If figure resolution or quality is insufficient for proper image screening, we will request the
original data. Failure to locate original data upon request during the editorial or production
process will cause delays with your manuscript. In the event that inappropriate image
processing is identified prior to publication, our editors will contact the authors to discuss
further. In most instances, we can resolve the issue and move forward with publication. In
more serious cases where inappropriate image processing obscures or changes the

conclusions of the manuscript, we may be forced to revoke acceptance.
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We investigate all instances of alleged scientific misconduct identified in our published
papers (including, but not limited to, plagiarism, inappropriate data processing, and duplicate
publication). Depending on the outcome of our investigation, we may publish a correction,

ask authors to retract their paper, or publish an editorial statement of concern.

In instances where we are considering revoking acceptance, retracting a published article, or
issuing an editorial statement of concern, we will contact the corresponding author's
institution during the course of our investigation. As Committee on Publication Ethics (COPE)

members, we abide by COPE guidelines in managing investigations of possible misconduct.
J.8.5. Materials and data sharing

As a condition of publication, authors must make protocols and unique materials (including,
but not limited to, cloned DNAs; antibodies; bacterial, animal, or plant cells; and viruses)
described in our published articles freely available upon request by researchers, who may
use them in their own laboratory only. All materials must be made available on request and
without undue delay. If researchers are having difficulty obtaining materials from the authors

of a published article, they should contact the journal‘s editorial office.

We encourage all authors to plan for the long-term storage and sharing of all original data
underlying their manuscript. All datasets included in the manuscript must be available from
the date of online publication, and the source code for all custom computational methods,
apart from commercial software programs, must be made available either in a publicly
available database or as supplemental materials hosted on the journal website. Numerous
resources exist for data storage and sharing (see Data Deposition), and authors should
choose the most appropriate venue based on their data type and/or community standard. If
no appropriate specific database exists, we encourage authors to deposit their data to an

appropriate publicly available database.
J.8.6. Confidentiality

All manuscript details, reviewer identities, and comments to the editors are considered
privileged information and will never be disclosed to third parties. Manuscripts will be
transferred only with author approval (see Transfer policy). RUP journals adhere to the
Committee on Publication Ethics (COPE) Code of Conduct and Best Practice Guidelines for

Journal Editors.
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J.8.7. Conflict of interest

We take guidance from the National Institutes of Health and National Science Foundation in
determining how to define a perceived conflict of interest. Reviewers and editors are asked to
disclose any potential conflicts of interest prior to evaluating a manuscript. To avoid potential
conflicts of interest, individuals should recuse themselves from evaluating a manuscript if any

of the following points apply:

. The author is at the same research organization or
university
. The author is a recent collaborator or trainee (less than

five years), family member, or a close personal friend
. The reviewer/editor, his/her immediate family, or a close

professional associate has a financial or vested interest in the manuscript
J.9. TRANSFER POLICY
J.9.1. Transfer within The Rockefeller University Press (RUP)

Authors have the option to transfer their manuscripts between The Journal of Cell Biology,
The Journal of Experimental Medicine, and The Journal of General Physiology. Both peer-
reviewed and non—peer-reviewed papers can be transferred. Manuscripts must no longer be
under consideration before transfer is allowed. Authors choosing to transfer their manuscript
may use the instructions and link provided in the editorial decision letter or may contact the
editorial office directly. For peer-reviewed papers, all reviewer identities and reports will be
automatically transferred; confidential comments to the editors will not be transferred.
(Reviewers can opt out of allowing their identities to be transferred.) Editors at the journal
selected for transfer will aim to make a decision quickly and will seek additional advice only
when necessary. Please contact the journal office to opt out of having your manuscript

considered for transfer to another RUP journal.
J.9.2. Transfer outside RUP

RUP is committed to limiting time spent in peer review and reducing the burden placed on
reviewers and will confidentially send reviewer reports and identities upon request
(confidential comments to editors will not be sent). Reviewers can opt out of allowing their
identities to be transferred. Journals should contact the editorial office at RUP to submit a

request for reviewer reports and identities.
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We welcome submissions that include reviewer comments from another journal. The full
comments of all reviewers, name of the journal, and a detailed point by point response must
be provided. Although we don't require that manuscripts be revised to address the reviewers'
comments prior to submission, you are welcome to do so. We accept format-neutral first
submissions, so there is no need to reformat your manuscript. The manuscript and reviewer
comments will be assessed by our editors; we may reach out to you or the original journal for
additional information or solicit further expert advice if needed. Once we've reached a
decision, we will provide a detailed letter that explains either the revisions that would be
required for acceptance or our decision to decline publication. Please contact the journal

office with any questions about transferring your manuscript.
J.10. OPEN ACCESS

Prior to publication, all authors should check with their funding agency to ensure they are in
full compliance with access requirements. All final published content of RUP journals will be
automatically posted on PubMed Central and UK PubMed Central, where it will be available
to the public no later than six months after the publication date. Please see the Sherpa
Romeo website or the RUP Copyright page for details on our copyright and self-archiving

policies.

Authors have the option to instead pay a single article charge of $5,000 in order to make
their article open access immediately upon publication under CC-BY license. Wellcome or
COAF funding recipients please note: this option must be chosen if you intend to have

Wellcome/COAF cover your open access fees.

Authors will be invoiced for publication or open access fees after publication of their article.
Open access is verified prior to invoicing. RUP is unable to process cancellations, refunds, or

returns of open-access fees after publication.
J.11. MEDIA POLICY

All accepted papers and manuscripts under consideration are strictly embargoed until the
date of publication. Authors are free to talk with journalists one week prior to online
publication, provided any information exchanged is embargoed until 9:00 AM US Eastern
Time on the date of publication. Any questions or issues regarding our prepublication media
policy should be directed to the RUP Director of Communications and Marketing, Rory

Williams (rory.williams@rockefeller.edu).
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J.12. SUBMISSION GUIDELINES
J.12.1. Presubmissions

Presubmission inquiries as to the suitability of a manuscript are welcome and can be sent via
our online manuscript submission system. We typically respond within two days.
Presubmission inquiries are intended for informal feedback on whether the scope of a
manuscript is appropriate for JCB. Manuscripts will not be formally evaluated in full unless

submitted via the usual process.

For authors interested in presubmission manuscript preparation support services, RUP
suggests Editage. Use of this service is not mandatory for publication, does not guarantee
peer review or acceptance, and you are not obliged to submit your manuscript to one of our

journals if you choose to use the service.
J.12.2. Preparing for submission to JCB

JCB accepts format-neutral first submissions. Manuscripts do not need to be formatted
according to specific journal guidelines at this stage. To submit via our online system, you

will need the following files and information:
J.12.3. Manuscript

You may submit your manuscript as a single PDF or as separate files. Please ensure the title
page includes all authors and affiliations. A full title, abstract, and short running title are
required for submission. JCB accepts submission of Articles, Reports, and Tools. If you
would like to submit a Review, Viewpoint, or Spotlight for consideration, please contact the

journal office at cellbio@rockefeller.edu.
J.12.4. Cover letter

Authors should provide a cover letter describing the conceptual advance of their work,
related or competing papers in press or consideration elsewhere, financial conflicts of
interest, and whether submission is in response to a presubmission inquiry. Authors may
request a specific editor, suitable reviewers, and up to three reviewer exclusions.
Requests to exclude certain individuals will be honored when possible and if the grounds for
exclusion are reasonable. If the original data in the manuscript are archived in a repository
and accessible for review by editors and reviewers, please state this in your letter. If you

would like the editors to consider peer reviewer comments from another journal, please
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include this information in your letter (as described in our Transfer policy). The cover letter

will not be shared with reviewers.
J.12.5. Corresponding author

The corresponding author is responsible for the integrity of all data and text described within
the manuscript; archiving all data related to the manuscript and providing original data upon
request; adherence to all journal policies, including disclosure of related work from all
authors; appropriate author contribution descriptions and conflict of interest disclosures from
all authors; getting approval from all authors for the contents of the manuscript and
submission; and checking accuracy of the proofs. In some instances, it may be appropriate

to have more than one corresponding author who would share the above responsibilities.

Even in cases of co-corresponding authors, one individual must be identified within our
online manuscript submission system as the primary corresponding author. This individual
will be the point of contact at all times with the JCB editorial and production offices and will
be responsible for appropriate materials, computer code, and data sharing with the

community after publication, and acting as arbiter in instances of author disputes.
J.12.6. Funding and financial conflicts of interest

All authors must disclose any commercial affiliations or consultancies, stock or equity
interests, or patent-licensing arrangements that could be considered a conflict of interest
regarding the submitted manuscript. All conflicts of interest and sources of funding should be
included in the Acknowledgments section of the manuscript. We use text mining of the
Acknowledgments to identify funding data for deposition with CrossRef and information
sharing with funders. Therefore, it is important to use full, accurate agency names and grant

numbers.
J.12.7. Revised submissions

Manuscripts invited to resubmit must be formatted according to all journal guidelines.
General guidelines are included below. Detailed guidelines on figure and character limits
based on article type can be found in our Manuscript types section. Authors should provide

high-resolution individual figure files when they resubmit their revised manuscripts.
J.12.8. Response to reviewers

Revised manuscript submissions must include a point by point response to the reviewers'
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comments. The response file should detail how each comment was addressed
experimentally and/or textually or why it could not be/was not addressed. The response to
reviewers is shared with all reviewers. Authors may include data in their responses to the

reviewers that they do not wish to include in the manuscript.
J.13. MANUSCRIPT ORGANIZATION AND FORMATTING
J.13.1. Title

The title should be less than 100 characters (including spaces). Make the title concise and
accessible to a general readership. A condensed title of less than 50 characters (including

spaces) is also needed.
J.13.2. Authors

Full author names must be provided along with their institutional affiliations where the work
was done. Names, affiliations, and author order should be checked carefully before
resubmission. If a change of address is imminent for any author, indicate the change and the
date effective. Corresponding author(s) must be identified, with ORCID, email, and full

mailing address.
J.13.3. Summary

Provide a short, ~40-word summary statement for the online JCB table of contents and
alerts. This summary should describe the context and significance of the findings for a
general readership; it should be written in the present tense and refer to the work in the third

person.
J.13.4. Abstract

Abstracts must not exceed 160 words. The abstract should describe the relevant
background, key results, and conceptual significance of the findings in a way that is

accessible to a broad audience. Abstracts should not include references.
J.13.5. Introduction

The Introduction should provide sufficient background to make the article accessible to non-
expert readers; it should indicate what hypotheses were tested and provide sufficient context
to make the significance of the problem studied and the rationale for the experiments clear to

a broad audience.
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J.13.6. Results

The Results section describes the experiments performed and presents the findings
observed. This section should be divided into subheadings. For short Reports, the Results

and Discussion sections should be combined.
J.13.7. Discussion

The Discussion summarizes the conclusions that can be drawn from the results, as well as
the implications of the research. It should place your findings in the general context of the
field and discuss any limitations of the experimental approaches you used. Subheadings may

be used.
J.13.8. Materials and methods

RUP journals are signatories of the NIH Reproducibility guidelines. There are no limits on the
length of JCB Materials and methods sections. JCB does not permit supplemental Materials
and methods. Materials and methods sections should be comprehensive and not simply
reference a previous publication for details on how an experiment was performed. JCB does
not permit citations of non—peer-reviewed publications or unpublished data in the Materials
and methods section. If you feel readers would benefit from a step-by-step description of a
method employed in your paper we encourage authors to consider submitting a detailed

protocol to Bio-protocol.
J.13.9. Reporting guidelines

We encourage all authors to utilize the EQUATOR network to identify appropriate reporting
guidelines based on study type. Authors should refer to the BRISQ reporting guidelines for
any study in which human biospecimens are used. For authors reporting animal research, we
encourage use of the ARRIVE guidelines. For studies using cell lines, authors should report
the source of the line, whether the line has been authenticated and how, and the

mycoplasma contamination status.
J.13.10. Reagents

All antibodies, cell lines, animals, and tools used in the manuscript should be described in
full, including accession numbers for materials available in a public repository such as the
Resource l|dentification Portal. For unique reagents such as antibodies, siRNA, primers, or

other probes, authors should provide the full epitopes or sequences in the manuscript.
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Please list chemicals and scientific instruments used and their manufacturer.
J.13.11. Microscope image acquisition

The following information must be provided about the acquisition and processing of images:
make and model of microscope; type, magnification, and numerical aperture of the objective
lenses; temperature; imaging medium; fluorochromes; camera make and model; acquisition
software; and any software used for image processing subsequent to data acquisition.
Please include details and types of operations involved (e.g., type of deconvolution, 3D
reconstitutions, surface or volume rendering, gamma adjustments, etc.). If you export files
from a microscope or other acquisition device, be sure to use consistent file formats (8 bit, 16
bit, etc.).

J.13.12. Statistical analysis

Authors should provide clear, detailed descriptions of their statistical analysis in the Materials
and methods section and/or figure legends, including but not limited to the statistical test
used, actual p-values, number of biological and technical replicates, measure of center, and
measure of variability. If an editor or peer reviewer feels it necessary, we may request expert

feedback specifically on statistical analysis within the manuscript.
J.13.13. Supplemental material

Supplemental material is limited to figures, tables, large datasets, and videos. JCB does not
permit supplemental text other than figure and table legends. A short summary paragraph of

all supplemental material must appear at the end of the Materials and methods section.
J.13.14. Acknowledgments

The Acknowledgments should recognize contributions from non-authors and disclose all
funding sources and financial conflicts of interest. If there are no potential financial conflicts
of interest, please add the following statement to the Acknowledgments section: "The authors
declare no competing financial interests." (If potential conflicts are listed, the statement "The

authors have no additional competing financial interests" should be added instead.)
J.13.15. Author contributions

A separate author contribution section is required following the Acknowledgments in all
research manuscripts. All authors should be mentioned and designated by their full names.

We encourage use of the CRediT nomenclature.
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J.13.16. References

All in-text citations and references must be formatted according to the JCB Reference
Guidelines. In-text citations should be Harvard style and listed alphabetically by first author's
last name in the Reference section. There is no limit to the number of references cited in a
manuscript. JCB strongly encourages authors to cite the primary literature rather than review

articles throughout their manuscripts.

JCB discourages citation of "data not shown," "manuscript in preparation,” "manuscript
submitted," etc., in any section of the manuscript. If included, "personal correspondence"
must be accompanied by a signed letter of permission and may only be cited in the text.

Preprints may be cited in the text and included in the Reference section. Appropriate
formatting is described in the JCB Reference Guidelines. Note that citation of a previous

preprint version of the manuscript under consideration should be included as a footnote.
J.13.17. Abbreviations

A term that does not appear on the JCB standard abbreviations list must be used at least
three times in a paper to qualify as an abbreviation. Spell out the term on first mention, and
follow it with the abbreviated form in parentheses. Supply a list of nonstandard abbreviations
used in the paper, in alphabetical order, giving each abbreviation followed by its spelled-out

version.
J.13.18. Figures

All submitted images must conform to the JCB Figure and Video Guidelines. Figures should
be cited in numerical order in the text in the order they are mentioned. Figures should be
prepared at publication size; whenever possible, figures will be reduced to a single-column
width (85 mm). If you have any questions regarding figure preparation, please contact one of
our in-house specialists at production@rockefeller.edu. All accepted figures will go through
an image screening process prior to publication, as described in our Data integrity and

plagiarism section.
J.13.19. Videos

All submitted videos must conform to the Figure and Video Guidelines. Videos must be cited
both in the Results section and in the legends of any figures that contain video stills or
images related to the video. Videos are peer reviewed with the manuscript. A maximum of 10

videos may be posted for each article.
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J.13.20. Figure and video legends

All figures and videos must have titles and detailed legends. Figure legends should contain
sufficient information so that readers can understand what the data show without needing to
refer back to the text. All symbols, such as arrows, must be defined in the legend. Scale bar
measurements must be included in the legend. Where appropriate, legends should include
any statistical test used, actual p-values, number of biological and technical replicates,

measure of center, and measure of variability.

Each video legend should describe what is being shown, the cell type or tissue being viewed
(including relevant cell treatments, concentration and duration, or transfection), the imaging
method (e.g., time-lapse epifluorescence microscopy), what each color represents, how often
frames were collected, the frames/second display rate, and the number of any figure that has

related video stills or images.
J.13.21. Tables

Include a table number and title for each table. Insert explanatory material and footnotes
below the table, designating footnotes using lowercase superscript letters reading
horizontally across the table. Supply units of measure at the heads of the columns.
Abbreviations that are used only in a table should be defined in the table legend. Do not

divide tables into subtables.
J.13.22. Nomenclature

JCB follows the abbreviations and other conventions of Scientific Style and Format: The CSE
Manual for Authors, Editors, and Publishers. For chemical nomenclature, follow the Subject

Index of Chemical Abstracts. Capitalize trade names and give manufacturers‘ names.

Gene names must be italicized. Authors must use the original name published for a gene
unless they have obtained permission to rename the gene from the authors of the original
study (or from a governing body such as, in the case of a yeast gene,

the Saccharomyces Genome Database curator). Please follow the generally accepted rules

for gene and protein nomenclature appropriate for the organism you are discussing.

Gene nomenclature guidelines for:

o humans (http://www.genenames.org/about/guidelines),
o rats and mice (http://www.informatics.jax.org/mgihome/nomen/gene.shtml),
o frogs (http://www.xenbase.org/gene/static/geneNomenclature.jsp),
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. zebrafish

(https://wiki.zfin.org/display/general/ZFIN+Zebrafish+Nomenclature+Guidelines),

o Drosophila (http://flybase.org/wiki/FlyBase:Nomenclature),
o C. elegans (http://www.wormbase.org#012-34-5),
o Arabidopsis (https://www.arabidopsis.org/portals/nomenclature/guidelines.jsp) are

available at the indicated sites.
J.13.23. Accepted manuscripts

Before we can accept your manuscript, the files and information below must be received by

the editorial office.
J.14. MANUSCRIPT FILES

High-resolution, editable, individual figure files are required, preferably in the original file
format in which they were created. The manuscript text must be provided as a DOC or
DOCX file.

J.15. LICENSE TO PUBLISH

A license to publish must be signed by the primary corresponding author prior to acceptance.

View our license to publish agreement for more details.
J.16. PERMISSIONS

If you are using previously published images in your manuscript, please see our permissions

page for guidance.
J.17. ORCID

RUP supports universal adoption of digital name identifiers to aid name
disambiguation. ORCID identifiers are required of corresponding authors prior to publication
and encouraged for all co-authors. You'll be prompted to provide ORCID identifiers by our
submission software. Once ORCIDs are added to our system, they will be automatically
populated for all future submissions. You can also use your ORCID to log in to our
submission system. Your article will be automatically listed in your ORCID record upon

publication. Learn more about ORCID and the benefits of registering here.
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J.18. COVER SUBMISSIONS

Authors whose manuscripts are accepted for publication may submit cover images and a
brief legend for consideration. Images submitted should be at least 300 dpi at the size of
publication (8.75" W x 11.25" H). Please submit cover suggestions via our online manuscript

submission system when you upload final files prior to editorial acceptance.
J.19. PRODUCTION AND PROOFS

After acceptance, your manuscript will be sent to production for copy editing and preparation
of the proofs. If you will be unavailable at any time while your manuscript is in production,

please contactproduction@rockefeller.edu.
J.20. PROOFS

Corresponding authors will be emailed a link to proofs within two weeks after acceptance.
Authors may choose to edit either the HTML or PDF versions of their proofs. Proofs must be

returned within 48 hours.
J.21. DAILY PUBLICATION

Articles are usually published within 48 hours after the author returns corrected proofs. This
can vary depending on the extent of requested changes. Publication date also depends on
whether the article has a companion article or press coverage. On publication day, the
articles are usually posted before 10AM EST. See our FAQ on daily publication for more

details.
J.22. AUTHOR FEES

Authors will be charged a $2,000 flat fee for all publication charges. An author's inability to
pay these charges will not affect the publication of acceptable manuscripts.
Authors have the option to instead pay a single article charge of $5,000 in order to make

their article open access immediately upon publication under CC-BY license.
J.23. REPRINTS AND JOURNAL COPIES

You will have the opportunity to order paper reprints of your article, print copies of the issue

in which your manuscript will appear, or cover posters when you return your proofs.
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J.24. COPYRIGHT POLICY

Copyright of all material published in RUP journals remains with the authors. Unless
immediate open access is selected, authors grant The Rockefeller University Press an
exclusive license to publish their work for the first six months. After six months, the work
becomes available to the public to copy, distribute, or display under a Creative Commons
Attribution-Noncommercial-Share Alike 4.0 International license (CC-BY-NC-SA).

If immediate open access is selected, upon publication the work becomes available to the
public to copy, distribute, or display under a Creative Commons Attribution-Share Alike 4.0

International license (CC-BY).
J.25. APPEALS

Authors wishing to appeal an editorial decision should do so through the online manuscript
submission system by clicking on the -Submit Appeal” link in the relevant manuscript record.
A rebuttal letter and—if appropriate—a point by point response to the reviewers should be
provided. A decision is usually communicated to the authors within 10 days. Please note that
editors prioritize handling new submissions that have not yet received a first decision over

appeals. JCB does not allow multiple appeals on a manuscript.
J.26. CORRECTIONS AND REFUTATIONS

Corrections will be published at the discretion of the editors. Contact the journal office at
cellbio@rockefeller.edu to request a correction to a published article.

JCB considers submissions aimed at refuting conclusions previously published in the journal.
Such manuscripts should provide direct and definitive evidence that the conclusions in a
previous JCB paper are incorrect. Please indicate in your cover letter that your manuscript is
submitted as a refutation. The refutation will be peer reviewed, and the authors of the original
work will be given the opportunity to submit a response for editorial consideration.
Manuscripts that describe differing observations or draw different conclusions than past work
through the use of new approaches or tools are a normal part of the scientific discourse and
will not be considered as refutations. For more information, please contact the JCB editorial

office at cellbio@rockefeller.edu.
J.27. REFERENCES

The Journal of Cell Biology. 2017. Author guidelines. URL: http://jcb.rupress.org/iforaDate

of access: 02 November 2017.
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