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Avainsanat: AngiogeneeserisuonimallihASC, HUVEK:mikaalitestausymparistokenikaalit

Verisuonitus orvalttamatonta kudosten hyvinvoinnill&koska veren kuljettamien ravinteiden ja hapen
taytyy tavoittaa kehon jokainen solUusien verisuonten muodostusta, angeneesia, tarvitaan

sikion kehityksen ja kasvun aikana, samoin haavanmgangseen ja muihin fysiologisitaimintoihin.
Tapahtuessaan ilman tervetté fysiologista tarkoituksenmukaisuutta, se voi johtaa patologisiin
prosesseihin, kuten tukemaan kasvaimenwkas

Laakkeiden kehityksessa angiogeneesilla ja sita inhiboivilla l1adkkeilla on suuri rooli. Uusia laékkeita
tutkitaan ja kehitetddn jatkuvasti erityisesti sydOpakasvaimia vastaan. Lisdksi saadaan jatkuvasti uutta
tietoa ymparistokemikaaleista ja niiden getiivisista vaikutuksista angiogeneesiin. Eldainkokeita
kaytetaan yha laajalti, vaikka niiden tulokset eivat valttamatta vastaa vaikutiksiadlla. TAman
vuoksitarve validoiduille ihmissoluilla tehdyilla vitro-malleilleon kasvanuja kiinnostus nden
kehittamiseen lisaantyjatkuvasti. Vaikkan vitro-verisuonimalliteivat valttamatta kata joka vaihetta
angiogeneesissa, ne kuitenkin mallintavatinyarkeimmat oseaalueet, ovat hgbosti toistettavissa ja
tulokset vastaavat paremmin vaikutuksiaritsella.

Uusien verisuonten muodostamiseé&arvitaan endoteelisolujamutta putkimaistenrakenteiden
muodostukseenarvitaan myds ulkopuolista arsykettd. Ihmisen napanuoran endoteelisolut (human
umbilical vein endothelial cells, HUVECS) voivat muodogtdauonirakenteita, kun niita viljellaan
maljalla oikeissa olosuhteissaUMEG&Viljelmistéa tehtyjen verisuonimallieavulla on mahdollista

tutkia kemikaalien vaikutuksia angiogeneesiin.
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1 INTRODUCTION

1.1 Blood vessel formation

Vasculaturas essential to tissue welfare becausesineeded to bring oxygen and other necessary
molecules to tissues and orgarBlood vessel formation is needddring development, growth and
wound healing(Carmeliet et al., 201New blood vessels are derivédm two sources: they can
extend from preextending vessels (angiogenesis) or they can be derived from progenitor cells

(vasculoges)s(Auerbach, 2008)

1.1.1 Angiogenesis

The primary cells needed for new blood vessel fdiorafrom pre-existing vessels aendothelial

cells. These cells arif®m pre-existing vessels and are released by breaking down or passing through
extracellular matrix. Then they migrate, proliferate aiedrganize (Auerbach, 2008Yascular

endothelial growth factor (VEGF) is the most important angiogenic factor andgarggsis is initiated

by binding of VEGF to tyrosine kinase receptors present in endothelial cells surfaces. Binding initiates
number of intracellular signal pathways, which leads to new blood vessel form@kiois et al., 2013)
Trough the whole procesthere areinteractions between endothelial cells and surrounding tissues,

such as pericytes and smooth muscle cells. Angiogenesis is highly regulated by systemic factors such
as hormones and cytokines in addition to hypoxia and shear stf@asrbach, 208) Angiogenesis

can also be pathological when it takes place in inappropriate place or if it supports tumor formation

and growth.(Carmeliet et al., 2011)



1.1.2 Types of angiogenesis

Sprouting angiogenesis means that endothelial cells basically gards angiogenic stimulus such
as vascular endothelial growth factor (VEGF). Sprouting can add new blood vessels to tissues which
did not have them earlier. The basic steps include endothelial cell proliferation, directed migration,

tubulogenesis, vessaldion, vessel pruning and pericyte stabilizatihdair and Montani, 2010)

In intussusceptive angiogenesis vessel wall extends into the lumen and causes vessel to split in two.
This process is faster than sprouting because it does not reqgndetkelialcell proliferation or

migration. Both ways of angiogenesis happens in growing fetus and in adults but intussusceptive
angiogenesis happens when fast capillary formation is needed. Intussusceptive angiogenesis mainly

forms capillaries where capillaries edidy exist(Adair and Montani, 2010)

In cancer tumors tumor cells can hijack the existing vasculature or they can simply by themselves line
blood vessels which is called vascular mimicry. Cancerlgternells can even generate tumor
endothelium.(Adairand Montani, 2010Angiogenesis is key process to tumor growttitially the

growth of tumor is fed by nearby blood vessels but when tumor comes too big, lining blood vessels
can not supply nutrients to whole tumor and angiogenesis occlihat is why agiogenesis inhibition

is desirable target when thinking new awctincer drugs(Cook and Figg, 2010)

1.1.3 Vasculogenesis

De novo formatio of blood vesselmeans that blood vessel tubule network is formed from stem
cells. That happens mainly in extrabryonic and intraembryonic tissues of embryos. At the end of
vasculogenesis, endothelial cells are lining the luminal surface of vessels and they are formed from
angioblasts, which are derived from mesodermal stem cells. Vasculogenesis is dynamicgrddess
involves cefcell and celextracellular matrix (ECM) interactions which include different growth
factors.(Adair and Montani, 2010yeins and arteries haboth they own signal pathways (Carmeliet
et al., 2011)



1.2 hASCs

Human adipose stromal e (hASCs), isolated from adipose tissue as stroamsdular fraction are
pluripotent cells. In adipose tissue ASCs are localized irepddthelial layer of blood vessesid

they are functionally and phenotypically equivalent to pericytes of microMes3eey secrete
molecules which promotes endothelial cell survival and proliferataiuding vascular endothelial
growth factor (VEGFhepatocyte growth factor (HGERhd granulocytemacrophage colonystimulating
factor (GMCSE)They also stabilize enttelial network in angiogenesis mode{Merfeld-Clauss et

al., 2010)

1.3 Angiogenesis assays

Angiogenesis studies have becommportant area of interest because angiogenesis is involved in

various physiological and pathological procesg@snovan et aj 2001)

1.3.1 In vivo angiogenesis assays

In vivoangiogenesis assays give the most exact information of vascular desgase they mimic
angiogenesis as it occurs in normal environment.tBere is still some disadvantagebey are

usually expensiarandmore difficult to carry trough. They involve multiple cell types and potential
metabolic processing of thetudiedagenE ¢ KA OK O2 YLJX AOF 1Sa (KS |yl f &:
of action (Goodwin, 2007In vivotests are mainhanimal tests whichdo not necessarily predict

effects in human but they still are used widg|@arkanen et al., 2011)
1.3.2 In vitro angiogenesis assays
In vitroangiogenesis assays are important tool of studying mechanisms of angiogenesis and also

potential equipment tadevelop therapeutic strategies of vascularizati{ionovan et al.2001)

Because there are so many factors which regulate the angiogenesis (hormones, cytokines, hypoxia,



shear stress)n vitroassays never are entirely adequat@uerbach, 200&ven houghin vitro
angiogenesis assay does not cover every step of angiogenesis process, it effectively mimics the key
steps i.e. migration and differentiation of endothelial ce{8arkanen et al., 2011t)alsoallows
identification of direct effects ostudied cell function. fiere is no need for technical expertise in

animal handling, which is required vivoassays(Goodwin, 2007There is strong need for pre

validated human celh vitroassays for reducing and replacing animal te@arkanen et al., 20)

Beforein vitroassays can be used to make regulatory decisions they must undergo a validation
process which evaluates its reliability, relevance and fitness for purpasgadays the validation
means that the new test must provide equivalent or betteay to do things than current procedures.

Parameters which are evaluatedeatime, money and the process of makiggudson et al., 2013)

Sarkanen et al. have studied angiogenesis assayhich human foreskin fibroblastind human

umbilical vein endothlial cell(HUVECS) eaultivation wasexposed to six reference chemicals.
Chemicals were widely used pharmaceuticals that inhibit angiogenesis and their effect in human was
known. The test results showed that a standardizeditro angiogenesis assay mios well theeffects

in man and it is reliable way to test angiogenesis modula{@&atkanen et al., 2011 pterSarkanen et

al. havealsostudied hASC+HUVECadture angiogenesis assay in which cells are induced with
natural growth factors and allowetd selfassemble into tubular network and vascular supporting
structures. It provides completely humdrased and simplified model of angiogenesis and it could be

used for studying angiogenesisvitro (Sarkanen et al., 2012)

1.4 Chemicals and blood vssls

1.4.1 Angiogenesis inancer

Angiogenesis has become an attractive target for drug therapy because angiogenésg [gocess

to tumor growth and many compounds are in prknical development constantlfphysiologic

angiogenesis is tightly reqied and organized by an&nd proangiogenic factors but in tumors new



blood vessels are irregular and leaky. The tumor endothelial cells divide more rapidly and express
different markers(Cook and Figg, 201Bgcause endothelial cells line the vesstisy are better

target to anticancer dugs than tumor cells themselves meaning that angiogenesis inhibitor therapy
may prevent tumor growth instead of killing tumors. That is why angiogenesis inhibitors are most
effective when combined with additionahérapies. (Yoo and Kwon, 2018Yhen targeting tumor

blood vesselsvith anti-cancer compunds there are two strategies. First is aiatngiogenic therapy,
where new blood vessel formation is inhibitedhal has almost noneftect on blood vessels that
already exiss. That § why effect on large tumors v&ry limited. Thesecond strategy is vascular
disruptingtherapy(VDT), in whichapid and selective shutdown of already existing vasculature
happens It disrupts the tumor endothelium selectively, becaustunds the difference between
immature tumor vasculature and normal mature blood vessel. It has greater power in bigger tumors,

but it has no effect on angiogenesis, which happens vigorously in tumor perigXein et al., 2009)

One interesting findig is that many conventional chemotherapeutics actually possess previously
unknown antiangiogenesis activityCook and Figg, 2018plid tumors often suffeirom hypoxia,
extracellular acidosis and nutrient deprivation which can lead to inflammatory resspd hat is why
solid tumors often exhibit préanflammatorymodules such as prostaglandins. Prostaglandins impact
cancer cell behavior such as motility, invasion, vascularization and metastatic dissemination. Non
steroidal antiinflammatory drugs (NSAIDsn reduce inflammation by inhibiting COX activity and
that is why NSAIDs are widely studied as-aaticer agentgAckerstaff et al., 2007)

1.4.2 Other agiogenesis involving diseases

There are also othatiseaseshan cancerwhere angiogenesis plagscentral role. In a field of
ophthalmology ati-angiogenic strategies are alsisedbecaug VEGF have been implicated as a
major factor in ocular angiogenesigluding pathological processes such as proliferative diabetic
retinopathy, neovascular AMD ameovascular glaucomavhich causes blindnesBegaptanib was
the first anti-VEGF agent specifically designed for intraocular use and after that several other

intraocular anttVEGFs have been apprové8ooHoo et al., 2014) psoriasis, hypervascular skin



lesions overexpress angiogenic polypeptide IL8 and underexpress the angiogenic inhibitor
thrombospondin 1. Other diseases where the therapeutic goal is inhibition of angiogenesis are
KSYlFYy3aAz2Ylaz YIFLR2AAQA al Nie®osis anhcathekoscirysis(raaml | NI K |
Kwon, 2013)

Stimulation of angiogenesis can also be a therapeutic goal. Suetion can be aeed for collateral
vessel formation for example in myocardiaéripheral orcerebral ischemidn ischemia collateral
vessels can iprove blood supply to the area. Unfortunately currently there are no-Bpgroved
angiogenic drugs to treat ischemic cardiovascular disestsmulation of angiogenesis cafsobe

needed in wound healing and reconstructive surgéioo and Kwon, 2013)

1.5 hemicals as vascular disrupting compndsduring embryo development

There is a large scale of chemicals which are known to be toxic for developing erSbryie of them
are medical drugssuch as thalidomide, estrogens, endotheliRer some time novelso cigarette
smoke is known to be toxi(Knudsen and Kleinstreuer, 201R¢cently there have come out more
knowledge concerning environmental chemicals acting also as vascular disrupting chemicals.
Environmental chemicals are large and homogenous gréuhemicals including food additives,

plastic fillers and wide range of nenedicaldugs (Kleinstreuer et al., 2011)

The first organ system which begins to functiorembryo duringdevelopment is cardiovascular

system. Cardiovascular systedevelopsn first trimester, in which developingrgansystems are

most vulnerable against chemicals which entesther body. There are also other factors than the
2yasSi 2F SELR&dAINBE sKAOK STFSOha G(GKS OKSYAOlI f Q&
genetc susceptibility and chemical interactions with biological sys{&nudsen and Kleinstreuer,

2011)The two ways of blood vessel formation are described above. If blood vessel formation is
somehow disrupted it likely leads to prenatal loss, malformatigesenta complications and

problems in neuron developmenthalidomide is ne commonly known vascular digpting chemical

It was earlier used widely among pregnant woneggainst nausedKleinstreuer et al., 201 Now
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when there is more knowledge about g&tive sides of environmental chemicals there are also more
studies. Heinonen et al. have shown that Octyl gallate, Tricloshpdibxypyrine, Disulfiram and
Diethanolamine inhibit vascular tubule formation even lower concationsthan they are cytotoxi.

(Heinonen et al.)

Typically chemical testing during pregnancy involwesvotests for pregnant animals such as rats

and rabbits. These test mostly take time but are also not effective when only one compound can be
tested at the time Also zebrafistare used widelyn in vivotests but the resultslo not predict results

in human embryoZebrafish embryo is so small that it can receive oxygen by passive diffusion even
without blood vessels. But they cover better the field when blood vessel developentdied

(Knudsen and Kleinstreuer, 2011)

Nowadays there is need for more effective toxicity screeningiamnitro assays are answer to that
need.There are also higthroughput screening assays in which thousands of chemicals can be tested

rapidly aginst huge amount of molecular targe{&nudsen and Kleinstreuer, 2011)

1.6 Chemicals in this study

Ten chemicals were chosen in this study. Almost all of them are commonly known chemicals and their
effects on angiogenesis are studied before: referedat in animal and man is available. Levamisole

is alkaline phosphatase inhibitoxhich is used as antielminthic agent but has also been used for
adjuvant chemotherapy of colorectal cancer. The @mgiogenic mechanisms of levamisole is not yet
known,but it induces an endothelial cluster morphology and that way may involve the VEGF signaling
pathway. (Friis et al., 2013rlotinib is epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor, which has antcancer activity. It is used as treatmteof lung cancer(Cook and Figg, 2010)
Suramin is a polysulfonated naphtylurea and is reported to inhibit endothelial cell proliferation and
migration by binding to VEGF. Also neutralizing antibodies to VEGIVE&BE) is known to be an

effective angiognesis inhibitor(Friis et al., 2013-Methoxyestradiol is a human metabolite of

estradiol, which inhibits tubulin polymerization, destabilizes the microtubules and causes cell cycle
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arrest. It has antangiogenic and proapoptotic propertias and it aisbibits cell proliferation and
migration (Cook and Figg, 20185398 (N-(2-cyclohexyloxyd-nitrophenyl) methanesulfonamide)
belongs to sulphonamide class and is a @&¥lective inhibitor. It binds uniquely to the cyelo
oxygenase channglVecchia andlalkowski, 2011 Acetylsalicylic acid (ASA, aspirin) in a-selective
non-steroid anttinflammatory drug (NSAID), which is used for treating pain and fever and also-as anti
thrombotic agent. Aspirin use is associated with decreased risk for severakrs@ngecolon cancefPathi

et al.,2012)Indomethacin belongs to group of drugs called indoleacetic acids and it is alsesalrotive
NSAID(Ackrerstaff et al., 2007)riclosan (2.2.4thrichloro-2'hydroxydiphenyl ether) in an

antimicrobian comboundised as a bacteriostat, fungisatat and deodorizer. It is used in several
custom products for example sanitizing products like soaps, toothpaste and hairproducts. There is a
lot of worries in overuse of triclosan both in health care and in environmentdiesti(Stoker et al.,
2010)Pyridaben is a pyridazinone derivate and it is an acaricide and insecticide for control of mites

and some insectgHajime et al., 1994)

2 MATHERIALS AND METHODS

The study was carried out in the spirit of GLP and accordifr¢@8M) SOPs when applicable.

2.1 Test systenmsells used

hASCs (several different Masterbanks, e.g-iK&3C014 for constructinibe angiogenesis model)

were used. Cells have been isolated from stromal vascular fraction of adipose tissue (enzymatically
with 0.1% collagenase 1). Adipose tissue is received atadeimaterial from surgeriedJtilization of
human adipose stem cells used in this study has received an approved statement of Joint Municipal
Authority of the Pirkanmaa Hospital DistricitawETEcode R0O03058. Cells warsed in the

angiogenesis model at passage3.2
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HUVECSs (several different Masterbanks, e.g. HUVECO012 for ctingtthe angiogenesis model)

were used. HUVEC have been isolated from human umbilical cord veins (ermftyaith 0.05%
collagenasevhich are obtained from scheduled cesarean sectithgization of endothelial cells

used in this study has received an approved statement of Joint Municipal Authority of the Pirkanmaa

Hospital District with ETtode R08028Cellswere used in the angiogenesis model passage 4.

2.2 Testedchemicals

Ten chemicals werkested in this stdy: Erlotinib Rochg, Acetylic salicylic acighSAYSigma,
Levamisle Sigma, 2-methylestradiol (§ima), Anti-VEGFKigma, Suramin sodium sa(Sigma3,
Triclosan $igmg, NS398 $igmg, Indomethacin $igna), Pyridaben $igma.

2.3 Experimental procedure

2.3.1 Cell cultivation

Both hASCand HUVECs wetbawedand cultivated separately in 75 émulture bottles until they
were confluent.CellswereO 2 dzy it SR dza A y Zr andNivda/Sebdrall rabainadetérmined
by using Trypan Blué&ngiogenesis assay wasilt in the following mannerFirst hAASCs wepdated
on thebottom of cultivation well. Aftethey hadattached properly HUVECs meseededon top of

them. Theco-culture wasallowed to grow for one day before any experiments

2.3.2 Exposing caultivation to chemicals

Cocultures wereexposed to ten different chemicals and evegncentration of each chemical was

testedin at leas two wells of ceculture./ KSYA OF f & $SNB RAa&a2ft SR | 002N
instruction and then diluted in CSFM based stimulation medium. nhated did not dissolveo

medium it was first diluted to DMSO or ethanbilution agers for each chemicalre seen on table 1.

Concentration of DMSO never exced 0.3%Each well was exposed two timessame
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concentration both cultivation periods were three daySultivation medium/chemical was removed
before new exposureEvery plate had also positive andgative control and also 0.3% dilueocontrol

if chemical did not dissolved CSFM based stimulation medium.

¢rofS m § S5AfdziAzy |3Syda F2NJ S OK OKSYAOI
first diluted to DMSO or ethanol. Concenttian of DMSO never exceeded 0.3%.

Chemical 2-Methoxy-
Erlotinib Suramin NS398 ASA
name estradiol
o Stimulation Stimulation
Dilutive agent DMSO _ DMSO _ DMSO
medium medium
Chemical

Pyridaben  Indomethacin Anti-VEGF Levamisole Triclosan
name

o Stimulation Stimulation
Dilutive agent DMSO DMSO . _ Ethanol
medium medium

2.3.3 Immunocytochemical staining

Immunocytychemical staining was performed sixth day after first exposure. Cellsre fixed with
ice-cold 70% ethanol and after that treatesiith 0.5 % Triton XLO0Oand blocked for unspecific
stainng with 10% BSA. Then cells wareubated with120ul of primary antibody antivon
Willebrandt (produced in rabbit) anahti- Collagen 1V (produced in moudiuted in 1% BSA in PBE&
4°C overnight or 1 hawat room tenperature. Cells weréhen incubated with secondary antibody
(Anti-Rabbit IgG TRITC or amtouse IgG FITCuted with appropriate dilution ratipfor 3045 min at

room temperature in dark

2.3.4 Toxicity test

The purpose of the test was to find out higtnon-toxic concentration for each chemicdbifferent

concentrations of each chemical were tested AN@TF1 reagent was used to determine which
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concentration gives the viability of 80 % or high&/STm ¢ & LISNF 2N SR | OO0O2 NRA Y
instrudions and the chemical exposure time was 6 d&ssorbances were measuratl 440 nmwith
platereaderafter 1,5h of incubation in 37°@/ST1 was rformed on the same plate as

immunostaining but before it.

2.3.5 Result analysis

After staining formed essel tubes wergraded in scale-Q0 and photogaphed with CelQwith 10x
enlargement Exampés of grades are seen in figuteGood positive and netjae control are seen in
figure 2. Results weranalyzed and figures done from sequantitative and gantitative results
Resulting absorbams from toxicity test were measured wifilate reader(VarioSkan, Thermo
Scientifig and the values were pressed with Microsoft Office Ead. Data handling wadone with

GraphPad Prisrand photographs were processedth Adobe Photolsop CS6
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Figure 1yBlood vessel tubes were graded in scald 0.0 = no tubule formation and 10 = good
tubule formation, tubules connect each other and tubule network is constant.

3 RESULTS

Each chemical vgatestal as separate experimemind the data was collected each step of the

processCell cultures were exposure to different concentrations of chemicals and cell toxicity test was
done afterwardsEGo value represents theoncentrationthat gives thecell viablity of 80 % or

higher. Same concentrations were also used for determine €a¢hS YA Ol £ Q& LI GSYy G Al
angiogenesidGo value represents the concentration in which half of reactions are inhibAdd.

calculated data is collectad table 2
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Tad S spanil Evalues for each chemicat. = Value can not be calculatett. = reference
value not found.

2-Methoxy-
Chemical Erlotinib Suramin NS398 ASA '
estradiol
1Gso 6.316uM 1350 uM 3236 uM 3.324mM 7206 UM
Moderate SOO}J.M (Borthwick
Moderate 50
IGoin literature 10 Hl\/l 100 “M *% et l. 2006) - V] (Sarkanen etal.,
(Sarkanen et al., (Friis et al., 2013) 250 UM(F”'S et 5)12)
2012) al., 2013)
EGo ~07755uM  * * * 7064 uM
Chemical Pyridaben Indomethacin Anti-VEGF Levamisole Triclosan
1Gso 0.02395uM 1584 uM 6.382uM 4943 uM 31.66 uM
" Moderate 750
o 2.5 mMFriiset  Strong 5 uM
|C50 in literature al., 2013) (Sarkaner%t aI.,lélOIZ) 1000 IJM **
(Sarkanen et al., 2012)
EGo * * 0.2047uM ~1272uM 18.04 uM

EGo value was not possibl® calcdate for every chemical ganngthat those chemicals did not
effect on cell viability withested concentrationsin futurefurther tests can be carried owtith higher
concentration Even though they are not cell toxic thejlldtave effect on angiogeniss Only three
quite reliable values were able to be calculated and those are 2vittethoxyestradiol, AntVEGF and

TriclosanFor Levamisole and Erlotonib the calculated values are just estimates.

IGo value was possible to calculate for every chemicdlthere were situation whereraextra
concentration (10x compared to highest tested chemical concentration) had to be added for to have a
good negative slopén statisticsthe same tubule value as in the highest tested concentration was
added to the &tra concentration In those casethe resultsare not as reliable as other valuasd

even higher concentrationshouldbe testedin future. Thisvas the case witluramin, N&398 and

Indomethacin.Results for each chemical will describedbelow.
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EGo value is onlyestimate and as seen in figurethe absorbancslope is not linearTbule

formation gives good slope although positive controthis plategot only grade 5.
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FigdzNJ Erlotinij tubule formation.a = highest tested concentration 50 uM, b = 10 uM, ¢ = 1 pN
d = smallest tested concentration 0.01 uM. In ¢ tubule formation is better than on d.

3.2 Suramin

There was some challenges when evahgtubule formationin experiment with SuramirCells
should not grow in lumps and the tubule network should be constansome wells cells have made
big lumps in the middle of well but on the sides there might have been good tubule formatia
madethe evaluation challenging because thetvered thegrade even whetubule formation was
verygood in sides of the welbtill the results are reliabMhen calculating the effects on
angiogenesis, Kevalue is 135.0Any results from toxicity tesd | yexalculated because the

absorbance actually rose with highest concentrations.
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wells.

C A 3 dzEdamim tufjule formationa = highest tested concentration 75 pM, b = 50 pM, ¢ = 5 pN
d = smallestested concentrabn 0.01 uM. B demonstratdbe cell lumps which were seen in many
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3.3 NS398

NS398 givessery disturbing slope from toxicity test and it is not relalt would be necessary to
repeat the experimentor to get reliable reslis about toxicity. Rsults from angigenesis test &
more adequate giving Kgvalue 323.6 and the slopedgmonstrative buthe results are not

unambiguous as seen in figureBven though the slope goes naturally downwards.
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Figure 7y -B98 tubule formation.a = highest tested concentration 100 uM, b = 46 uM, ¢ = 9.7
d = smallest tested concentration 0.98 uM. The picture is not very informativaubeaasults were
very simiral troughout the whole experiment.

3.4 ASA

When viewing the cellsnder themicroscope aftethe first three days from chemical exposure there

was some crystalseen in highest concentration. We can not be sure if itdffeted on tubule

formation because the grade was zero but it seems that crystals are not the only reason for bad grade

because tubule formation was poor also with lower concentrations. Nevertheless|dpe is hghly
demonstrative. Based oW ST1 test absobancest can be said that ASAnst toxic with tested

concentrations.
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Figure 9y ! { ! { dzo dzfa § highesin@stedican2eyitdation 10 mM, b =4 mM, ¢ = 2 mM,
d = smallest tested concémation 0.001 mM. Tubule formation was very poor when concentration
was more than 2 mM.
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3.5 2-Methoxyestradiol

Tubule formation was good with small concentrations and grades did not differ from each other. With
higher concentrations therevas more variaon between thewells of same concentration®ne

explanation is thathiere was some lump formation in welldich lowered the grade. In toxicity the

slope ishighlyinformative.
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Figure 11y -Meethoxyestradiol tubule formation. a = highest tested concentration 2000 nM, b =
smallest tested concentration 35.33 nM































