Lecture03/31

Tuesday, March 31, 2009
12:55PM

Missed. Added class too late.
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Notes 04/02

Thursday, April 02,2009
1:28 PM

Absorption (See handout
o Main paths of absorptions
1. GITract
O Goal of Gl tract is meant for absorption (high surface area, lots of enzymes, etc)

2. Pulmonary (breath)
O Systemisdesignedtogetgasesintobody

3. Skin
o Skinisdesignedtobeabarrierto keep things out.

= Otherssuchashair follicles, tearducts... Butthese are minor.
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Notes 04/06

Tuesday, April 07,2009
1:23PM

e Absorption Handout
o Skin:Skinisnotdesignedtoabsorb
= layersofskin
O Epidermis
¢ varyingthickness
¢ Varying.15mm-1mm
<& Eyelidsand scrotumvery thin
¢ Statum corneum: outermost keratinized layer of skin.
¢ Verydifficultto pass, designed to keep things out
¢ Doesitgo through or around? Depends on chemical
o Dermis
¢ Hasvascularwhere absorption absorbs
o Skin hasno active transport (designed to keep things out)
o Genospecificity: skinis differentin varying species
¢  Mostsimilartohuman: pigor primate skin
¢ Cadaversare used fortesting but maintaining moisture and viability is a challenge

'T1/2 (min |.
. Partition coefficient . Dermal . Oral
Olive oil/water
‘Carbaryl | 38 '870 49
'Malathion | 72 1330 | 200
Dieldrin . 281 .210 . 2585
DDT 785 1560 1722

= Ingeneral substancesare more toxicwhen administered oral route but not always
O Exception:nitrofenislightly more orequal toxicity than oral

= Curve onhandout: Lag time, steady state diffusion after lag time.

o GlTract
= pHhas veryimportantrole as pH varies greatly through digestive tract
= Gltract haslots of proteins that carry out transport of variousionized substances
= Differentparts
o Esophagus
¢ Notdesignedtoabsorb, verylittle transport
o Stomach
¢ Designedtodegrade various chemicals
o Smallintestine
* Areaof 2,000ft? (600 times largerifitdidn't have villi)
¢ Fick's Equation (numerator quantity was area, higherareathe higherrate of transport
o Profusion limitation
Diffusion limitation
O Active Transport
¢ Normaltransportthat takes up pyrimidinestakes up 5-bromo-uracil
¢ Cobaltisabsorbed through Irontransportsystem (divalent cation)
= Hascapability to take up relatively large compounds but there is alimit
o molecularweights over 1,000 have great difficulty (where lung can take in, but digestive cannot)
= Enterohepaticrecirculation system

O
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Anatomical Considerations
Physiological considerations
o pH
Absorption mechanisms
Graph page 4
o pHaftereatinga meal changes dynamically differentin old vs young person.
Table pg4 Compare differentlength of Gl tract of humans and rats
o Percentage of different portions of Gl tract differin 2 organisms
Table pg4 Affect of fastingin LDso table
0 Epoxidized soybean oil: LD50goes downifitis fed priorto dosage
o Polypropyleneglycol: LD50is lowerwhen animal is fasted
Table pg4table5
O Gavage - place directlyin digestive

o Drinking water->sometimes animals do not drink the water (can fall in cage, be played with, etc)

Species Extrapolation
o Differentspecies have different diets
¢ Carnivores, herbivores, omnivores

¢ Human can vomitif exposed to large amount of toxicchemical, rat cannot vomit

o Distance routs of administration from outside to blood

1.5um Lung
30um Gl tract

>100um | skin

o Pulmonaryabsorption (pg5)

Pulmonary tractis a series of branching tubes
o Numberof different cell typesthat have cilia.
¢ Muculciliary action

B Nl action
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e Macrophages cantravel up to region that has ciliaand swallow macrophage, or
macrophage can stay downinlowerregions of lung

e Coal minershave black lungs due to macrophages with particulate matter deposited
inlungs

1. Solidandliquid particulates:
o Absorbedbasedonsize
¢ Llarge (larger20um) filtered out before reachinglower levels of lung
¢ Extremelysmall (<lum) comeintolungand exhaled fromlung
¢ Depositedtogreatestextent: lumsize particles
2. Gassesandvaporsubstances:
O Watersoluble compounds limited by diffusion rate (across cells)
o Nonwatersoluble compounds limited by: profusion (blood)

I1l. Rate of Absorption
o Animaltestingis givenawhole host of different ways, and the absorption is dependent on those
methods of administration
o Figure2.6pg5
= Istcurve
O Bioavailability of compound (F)
o A,B,Call have same AUC (B and C just extended longer period of time)
¢ Aexceededtoxicthreshold
¢ Band Cwouldnotbe toxic
¢ Eventhoughtheyhave same bioavailability on A,B,C
= 2ndcurve (opposite of 1stcurve)
O Bioavailability of D,E,F varies
O Rateismaintained

IV. Page 6: Example of TCDD absorption (dioxin), in animals most potent chemical carcinogen

C\ C[

O

] Ci

Dose 1nmol labeled TCDD/kg to male rats
= Urinary excretionrateis 1-2% while fecal is 20-30%
o Why? Nonpolarmolecule, notvery watersoluble (urine)
= Pulmonary absorptionis almost 100% (95%)
= Qral absorption high absorption (88%)
= Skinabsorption (40%)

= Where wasitlocated?
o Liver/fat

o Page7
= Fig4. pHvariability between different compartments of digestive
= Figl: cartoon
o Alotof transport with respect to simple diffusion with physical characteristics of
compounds will be overcome by these various types of transport

L‘\’y —

GZ tract
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e Distribution handout (justafew minutesleft)
o Transportof blood totarget tissue
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Notes04/09

Thursday, April 09,2009
12:53PM

e Distribution
o Some Examples
= Sulfuricacid sprayed crops. Weeds died, wheat did not. #of different characteristics that weeds preferentially take
up sulfuricacid. Damaging chemical componentis Hatom, thisis what is differentially distributing.
= Tetracycline (antibiotic) - bacteria cells concentrate tetracycline, inhibits ribosomal protein synthesis
O Sensitivity formammalian cells and bacteria cellsis the same if tetracycline reaches appropriate site. Does
notreach sitein mammalian cells
o Page 1Perfusionvaries. Cardiacoutputis 0.08L/heartbeat

70 bt 5 0.06L = 5.5 7pnin
lmin [ beat
Fotel  olume: EYA p/Mma, 2/ RRC
mPme every pm. blsod ciccvlates all oF /75‘4/00”’

¢ Once you getchemical substancesinto the blood, they will be mixed fairly rapidly.
o Page 2: How much wateris inthe body
= Extracellular, lymph, blood, plasma, intracellular (27L majority)
= 57Lwaterin average 70kg person
= Some chemical substances are notvery well distributed and will have alow volume of distribution
o Volume of distribution of 5-10L, this means the chemical substance is predominately stuck in the vasculator
0 Volume of distribution of 7L- substance stayingin blood
0 Volume of distribution of 57L, meansitis uniformly distributed throughout the body
= Figure6-2

O Osmoticpressure: because blood has particlesinit, it hasa pressure from the particles.

o Profusionand diffusion limitation
+P .
2 X HAS H HA
X-P \
AW

VAR LR
x© Hpe A
o Table bottom pg 2: permeability vs size.
= Asmallmolecule likewater, candoinvitro studies to determine diffusion coefficents

= Asmolecularweights go up, diffusion across capillary becomes much less than in water, so
diffusion coefficients can't be determined in vitro.

o Whydovariouschemicalsendupin 1 organ systemvsanother.
= Proteinbinding.
= Albumin (BSAforbovine) has numerous bindingsites
= Sometimesthereisaprocess called cooperativity
o Typesof binding: covalent, ionichydrogen, etc. See table
= Suicide substrates - A+B->P and stays covalently bound (relatively rare)
o Specificanatomical sites
= Blood-brainbarrier: why notcross well?
1. Junctionbetween cellsand endotheliumis extremely tight, so going around cellsis not
tooeasyinbrain
2. Astrocyte preventstransport of chemical cell
3. Many of chemicals that get across one way, ABC transportsin endothelium puts back
into blood.

~n S Blood

——

ABC
Astrs ey e

Brau
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O Brainneedslots of glucose and has lots of glucose transportability since it doesn't
perform glycolysis

= Placenta
o Numberofbarriers, 6layers of tissues... some fetal some mother
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= Volume of distribution
0 Parameterused to define distribution of chemical substance
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0 Somethingthat complicates volume of distribution is the fact thatitisa dynamicprocess.
¢ Pg7, listof chemical compounds with volumes of distribution (L/Kg)

O..//-/kg——> 7L/7O/fj low Vof Ml,ﬂL

LAVL— L\\HY\AV\

YoL/ky— 2800L/p,  high Vol dist
Lhas p phuctolgis) rehvance bIe exceeds ol
of bhod 1n &/7_ 7 s éefnj sefMuv‘ach %
Fierves 44 ronZobd Ao/y

¢ Empiricallyithasbeen shown that volume of distribution is porportional to the octanol rating.
¢ Lipid soluble compounds (profusion limiated) generally have large volumes of distribution.
¢ Thingsthatcomplicate:
¢ Volume of distribution is dynamic (time dependent). Vascular cycles fast but othertissues etcwill vary in time based
on octanol rating
¢ Vp=0.156Po/w+0.086
O Percentbinding of compound depends on dose of compound and equilibrium of it
o Bindingproteins generally decreases concentration (pg6)
0 Page 5: scathard plot: salicate to human serum proteins
¢ 2linearcomponentsto curve: High slope and low slope component
¢ These highandlow slope: high affinity low capacity, high capacity low affinity.

A+P= aP
}-/n"LA__P)
(AP
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Notes04/14

Tuesday, April 14,2009
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e Biotransformations:
o Deals mainly with relatively smallmolecules as compared toimmune system dealing with much larger molecules
o Enzymesthatcarry out phase | biotransformations
1. P450enzymes
o Family of proteins (humans have 57)
o Carry out mono-oxidization reactions
Puse X-0 + H,0
O First4 enzymes of p450 deal with xenobiotics
o Biotransforamation handout
= Moleculespicturespgl
o Porphin
¢ Nitrogens of porphrin rings bind to xenobiotics
0 Hemochrome
¢ roncan bindto 6 positions orto 5. the 6th would bind to xenobiotic

= Pg2

o Fig2
¢ Cytochrome p-450reductase
¢ Cytochrome b5
® Substrate bindstoiron moiety. Iron changes valence state as result of cytochrome p450reductase. Then

attachment of oxygen molecule

¢ 1p-450 protein cando this process for many different substrates

o Figd

¢ Cycleforflaven mono-oxygenase. R->RO
O More oxidation potentialin p-450than for flavin monooxidinases
¢ Because oxygenon p-450form s that of superoxide
¢ Flavinis peroxide oxygen. Less reactive oxidation process
= Pg3figl7: example of biotransformation of benzo(a)pyrene(BP)
o Causescancer by inducing mutations
o benzo(a)pyrene(BP)initselfis not carcinogenicbut convertsto molecule that does cause cancer
o0 benzo(a)pyrene(BP) acted on by P-450 which does epoxidatoin to arene oxide (majority produced this product but many
othersimilar compounds)
o benzo(a)pyrene(BP) is planar molecule, each time hydroxyl group created there is capability of sterochemistry

o Figd
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¢ GST( glutothione esterase)
» Instead of epoxide hydrolase, GST can link epoxide to conjugation of other molecules
¢ Quinone produces superoxide (free radical oxygen) thatis very chemicallyreactive and potential to cause
damage
0 Non-microsomal oxidations (not being carried outin endoplasmicreticulum)
¢ Hydrocarbons--(alcohol dehydrogenase)--->alcohols -(aldehyde dehydrogenases)-—->aldehydes ->acids
¢ Excessof H*incell, need excretion methods for hydrogenions (Na/Hantiport).
o0 Don'thave time totalk aboutall the reactions: amine oxidase (later with neuro), molybdenom hydroxylase,
O prostaglandin Hsynthase
avgchwdone  acd
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O Reductions
¢ Notmany that occur to xenobioticsin the body
¢ Some microorganisms perform reductions
+ DDT(bottom pg 4) metabolized to DDE
¢ Phase I biotransformation (phasel reductive halogenation)
& GSHis cofactor
= Pg5
o Physiological factors

¢ Species \\UM‘N’\) \T/
— -
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> 2
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Species difference in type P450
Inrat: CPY2C
Inhuman: CYP3A

¢ Diet
¢ Extremelyimportant. Experiments at different places can have different diets and show variance of responsein experiments
¢ Humandiet-large #s of differentchemical substances. These substances have the capability of interacting
» Moietyingrapefruitthat caninhibitsome P450 activity
Developmentand aging
Sex
¢ Sometimes males more sensitive or females more sensitive.
Hormonal status
Pregnancy
Strain/interindividual differences
Disease
¢ Diurnal andseasonal cycles
0 Chemical factors
# Dose: certain dose metabolized to one thing, increase dose may metabolize different molecule through saturation of 1stenzyme
¢ Inhibition
¢ Amolecule caninhibit p450molecule
¢ Activation
¢ Proteinisthere and you are makingitactive by givingachemical substance
¢ Chemicalsthatactivate p450: ethylisocyanide, acetone, & more. Make the enzyme more active thanitnormally is
¢ Induction
¢ Creatingnew protein

o Table7.2 (Q\\ AL

LK 4

* o 00

Some Xenosensors:

AhR
CAR

— PXR

X R PPAR
0\’{ All of these form dimers with RXRand induces
Exception: ethanol: increases protein expression not through
f N transcriptional process like all the other molecules.
-~

Ay}
bind to DNA — \V\AUCI’fon 01[ pfled'Idy\ of&xxzymr
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Notes04/16

Thursday, April 16,2009
1:05PM

¢ Phase 1biotransformationsin summary

Xenosensors:
AhR

These dimerize with another molecule, gointo nucleus of cell

“pressoe 'plx{ay\jcfupﬁo,ml MH\I"Hun

G'/ XRE

G2 A
PRmole-

GS wE Xeg XRE
xre  Xte  7EC

GY

AhRreceptor:
\L TCDDis most potentinducer of AhRand this whole gene transcription processes. TCDDis th emost
6 P potent cancercausingmolecule in rodents too.
(‘N

So ligands BaP or TCDD bind AhR, AhR goesin nucleus and binds/dimerizes AhR/Arnttoinduce
transcription. AhRRis also coded and a repressor

¢ Liverhaslarge diversity of enzymesin addition to producing large quantity of these enzymes
e Lungs(pulmonary tract), small intestine, kidney, skin have relatively high amounts of enzyme activity
¢ Brain has many types of enzymes but not large quantity.

GA

oH o
PL"‘3= I p L\O\SQ i S

e Phasell Biotransformation
o Glucuronidation (pg 1) - addition of sugargroup (generally glucuronicacid)
= UDPGA - activated form (also UDP-glucose butless common)
=  UDPGT - enzyme that carries out transfer
= Whatdoesgluconidation achieve?
1. Increases MW
2. Decrease Pow(more watersoluble)
3. Increasingionization. (have predominately ionized forms)
= UDPGTsare induced similarly than phase | because they have XRE promoters and are getting turned on
by same xenosensors
= XENOSENSORS signal and turn on forboth phase | and phase Il enzymes
= How doesaddingasugar group make more toxicat times (pg2)
0O Ingeneral the conjugated product will not be more toxic (product w/ sugar)
0 When pHchanges, the gluronicacid can be a leaving group creatingareactive site that has
potential for toxicity.
= UDPGT activity across species
O Reptiles, fish have lower UDPGT activity
0 Mammals, birds have about same UDPGT activity compared to humans
¢ Cathas low UDPGT activity
¢ Guineapighashigh UDPGT activity
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O Animalsthathave low UDPGT have high sulfation capacity and vice versa.
= Table 4 -stability of glucuronide form has effect on toxicity
o Sulfate conjugation
= Addition of sulfate to nucleotide forming 3' PAPS
= 3'PAPSactivated form of sulfate group - roughly equivalentto UDPGA and UDP-glucose
= Fig10pg 4 xenobioticR-X-H+PAPS ---->R-X-SO3 + PAP
= Sulfate biotransformations are saturated easily. Don't have capability to carry out a lot of
sulfotransferase due to limited concentration of PAPS.
= PAPSgenerally has highest affinity (sulfation) than glucuronidation for substrates, but has limited
capability due to low [PAPS]. Glucuronidation has high capacity but not as high affinity.
= Sulfate conjugation occursin many sites outside of liver
= 2typessulfotranferase
o Cytosolic
O Membrane associated
= Sulfotransferase inhibitors
o Glutathione - gly-cys-glu
= BindsSHof cys
= Increase MW of 200-300Da
= Inhuman RBC; 2mM GSH, in human hepatocyte 10mM GSH (GSH=glutathione)
=  GST- glutothione transferase
0 Glutathione will bind to xenobiotic without GST, but much better with GST enzyme
= Glutathione (GSH) can react with reactive oxygen molecules (freeradical or superoxide)
0 GSH--0,-->GS-SG (dimer of GSH)
0 GSHreductase: GS-SG-> GSH
0 GSH/GSSG = 100 (much more reduced form GSH than oxidized form GSSG)
= VitaminEinlipid membrane and can react with free radicals
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Methylation
o Makesmore lipid soluble, in contrast to other methods to discuss above that make more watersoluble.
o Methylation more lipid soluble for metals (mercury) and can pass blood brain barrier
o Downregulation of genes:

= Generally methylation of gene in promotor, turns off gene

= Methylation of kidney/liver DNA for transcription of appropriate genes for that site
o Turningon/off transcription

= Methylation of histones
o Methyldonors:

= SAM(S-adenysyl-methionine) has methyl group that can be added ad varies

= NS5THF (folate)

Acetylation
o Like methylation...makes more lipid soluble.
o Acetyldonor: Acetyl-CoA

Page 9: summary of different types of phase Il transformation:
o Glucuronidation
o Glucosidation (didn't talk much about this.. But UDPGT adds glucose as well)
o Sulfation
o Acetylation
o Methylation
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o Amino acid conjugation
o Glutathione conjugation
o Lipophilic(cholesterol, fatty acids)

e Page10:
o Xenosensors: (AhR, Pxr, Car, GR) thatturned on phase | biotransformation and phase II. These are much more preferable for
phase I though
o NRF2, phase Il transformation enzyme upregulator.
= Normally boundtoactinand KEAP
O KEAP has 2 sulfhydryl groups
sS—3
S
6% | reachive 0 | /
Kﬁ"‘{’ — Keap
NEFZ .
+ NRIZZ —> ente nvddeys —>0I’r—v.1c — Fom
=Tl
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Notes04/21

Tuesday, April 21,2009
1:08 PM

ABCtransports (handout)

[e]
¢}
o

O O O O

e}

[e]

A=ATP (energy requiring protein)
ABC=ATP binding cassette protein
Discovery
= Givingantineoplasticdruglgetsinto cancercells
= Up-regulation of p-glycoprotein for transport out of cell of antineoplasticdrugl
= Shifttodifferentantineoplasticdrug2 without any structural similarity to drug2are also
transferred out of cell.
= Thismeansthereisadegree of non-specificity of chemical structure for ABCtransports
= Depends by 3-dimentionalinteractions that the drug has with p-glycoprotein (eflux)

/\)mm'ry
ABC (AR B L
CYP_— ——

ABC Binding motifs (pg 1, fig 1)
Pg 1 fig 2 - MRPs have different directions on eflux capability (to/from lumen and basement membrane)
MRPs not found uniformly on cell membrane, they are generally found at specificlocations
Some mutant ABCtransporters disease causing
= (Cysticfibrosis - mutantin ABC(chloride across cell membranes)
= drosopholiaeye color mutants - ABC transportation
= Approx 100in E.coli are thoughtto be ABC transporters
Pg2 fig3.
= Parbafig3.
o Various conjugates of xenobiotics to glutathione (phasell biotransformation) which is then a substrate for MRP1for eflux
o Otherthingsthat can happen to glutathione conjugated xenobioticto mucapericacid (lastlecture) toasmaller molecule
= Partbfig3
o Presence of glutathione allows cell to eflux etoposide with GSh without even going through phase Il biotransformation
= PartCfig3.
O Estrone 3-sulfate (how we metabolize estrogen) with glutathione can eflux estrogen 3-sulfate but glutathione staysin cell and
isjusta cofactor.
= PartDfig3.
o Verapamil (calcium channel inhibitor) is a cosubstrate for eflux of GSH, though verapamil does not eflux.
o Alterredox status of cells, makes cells more susceptible to reactive oxygen species
= PartEfig3.
0 H202(hydrogen peroxide- reactive oxygen molecule) reacts with glutathione
O Getsridof reactive oxygen species
0 Wantto maintain GSH/GSSGratio to be high (approx 100). Glutathione reductase reduces GSSG back to GSH. If don't have
enough glutathionereductase to maintain this ratio, then want to transport GSSG out of cell.
Pg3.fig4.
= Revisit nextlecture methotrexate (MTX) with pharmacokinetics

Methslova SAM — SAH

’Folﬁ-h' ’
THF v

Tmore M gy &— HoM

= MTX (methotrexate) getsinto cell by RFC1

=  MTXisglucamylated once, andisthen a substrate for MRPs1-4 for eflux

=  MTX Glucamylated 2-3times then substrate for ABCG2 eflux

= MTX glucamylated 4-7times then stable inside cell and is not efluxed out of cell

Pg4.
= SlCtransporterfamily
o 43 familiesontable. Now there is 55of these gene families, and 362 genes

hlqb\[/\/hj Z Hj
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Ne. Sodlum hydrogen antiport does not rely directly on ATP but indirectly relies
ium gradient being setup by ATP depending sodium
potassium antiport.

= Channelsvs ABC/SLC Transporters
O ABCtransportersand SLC transporters can be saturated.
o ABCand SLC transporters are relatively nonspecificin terms of chemical similarities

¢ Mostxenobiotics are thought to be transferred this way due to nonspecificity
0 Mostchannelsare very specificfortheirsubstrate (ion channels etc)
o Channelsare muchfasteracting by orders of magnitude than ABCand SLC
transporters

= Inmammals . Stc
o SLCtransportonlyinto cells Aj@)
o ABCandSLC transport of cells (eflux) 47

8C

Excretion Handout

A is elimmaded bv cell /o(, butcansformodion  + B or oflix  fom cell

o Clearance
A - l Plﬂsm =3 S_ULM
Jlhe

2.5uM (’é of Chemical Clea\red)

cl= L5L 250M z0.5%3L = | SL
hf SMY\'

o Renalclearance

= Bloodflow comesintoglomerius
Osmoticpressure: represented by particlesinavolume
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Pg4

When heartrate increases (ie exercise) the flowinto glomular (RPF) increases as GFR (glomular filtration rate)

increases

Table 12-3 If the clearance of substance over clearance of inulin (inulin only cleared by filtration)
¢ |Ifratioislessthan 1, drugis partially reabsorbed
¢ =ldrugisfilteredonly
¢ Greaterthan1 drugis actively secreted

Table 12-5 - as you increase volume of distribution, the half life increases

30mL/mon | T1/2 69min
¢ [ 130mL/min | T1/2 16m
650mL/min _T1/2 3min
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Notes04/23

Thursday, April 23,2009
1:02PM

Questionfromlasttime:
As concentrationincreases, clearance decreases. Why?
= There are a finite amount of proteins that carry out clearance thatlimits the rate
= The definition of clearance is based on total #of molecules.

Excretion: Blood ->kidney
Re-absorption: kidney ->blood
Excretion: complete removal from body

Excrition
© pg2
= Proteinbound compounds are not capable of biotransformation or excretion (some
exceptions)
= graph boundvs unbound: propanolisanexception. Itis 100% E irrespective of amount of
protein bound
o Pg3
=  PAH: para-amino-hippuricacid - to measure renal plasmaflow
O Some percentage (20%) crosses glomerulus. The remainder 80% is transferred to the
urine.
o Pg4
= 100% inulin goesthrough glomerulin filtration. Used for measurment of glomerulin filtration
= Table 12.5: effect of volume of distribution on half life of chemical compound.
o Pg5
= Table 11-6 Glomularfiltration: dependent on molecular weight.
O Insulin (small) 89% crosses from blood to nephron
o Albumin (largerthaninsulin 10x) 0.1% crosses from blood to nephron
O Small proteins generally bind to other proteinsasto not be excreted by kidney.
= Table 11-3: pH effecton clearance
O Low pKA low excretion
o Inrats:

MW lowerthan 325 +/- 50 100% excreted by kidney
= | MW higherthan 450 100% excreted by liver
Between 325-450 MW can have split | le 50% liver, 50% kidney or other

o Thisissomewhat of asimplification as otherfactors besides MW come into play:
¢ Lipidsolubility
0 These #schange dependingonthe species
O Kinetics may be completely different across species due to kidney filtrationin one
species and liverfiltrationinanother
o Pg6
= Fig540 (bottom of page) slice of liver th. <
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= Fig540 (bottom of page) slice of liver th. <
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Low blood gas affinity are quickly excreted through exhalation
High blood gas affinity (chloroform) slowly eliminated

Rate of elimination of gasis the inverse of rate of absorption
Gas with high solubility in blood

Clearance will vary with species:
= Circulation of bloodin human takes roughly 1 minute, where the same process takes 10
secondsorsoin a mouse.
= Total clearance of chemical substance has to do with how fastit is exposed to different
organsystemsinthe body.
= Pg7, fig8
o Kidneyandliverrepresentabout50% of blood flow (25% liver, 20% kidney)
Pg7, figl:
= Where differenttransporters are involved
= Bile acids, xenobiotics taken into hepatocyteviatransporters
= Thembeingexcreted by beingtaken across hepatocytethrough canalicularlumen which
leads torelease to those different compounds
= Process happens by proteins that make transport happen (not simple diffusion)
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Notes04/23 Pharmacokinetics

Thursday, April 23,2009
2:02PM

Pg1 II- plasmalevel time curve
o Wantto getas close to MTC as possible because it will be effective forlonger period of time.
o If Cmax exceeds MTCthen will have toxicity
o MTC and MEC varies by individual
= Goodtherapeuticrange =high MTC and low MEC
= Becomes problematicwhen MTCand MEC are close to another

Pg1 bottom of pg: dosing of methotrexate
o Methotrexate - substitutesin folate pathway as toinhibitits methylation capacity
o Dose getslowerandlowerbyfracitoning overtime, effect gets greater
o Conclusion: peak concentrationis not the critical parameter determining toxicity.
o Methotrexate does not work by exceeding Cmax fortoxicity.

Pg2:
o llIPharmacokineticmodels

= Dose, flow, volume, clearance
~—— - =
Vi 3

D , ,

Lo ld, f

. o~

= Linear/catenary
del:
N G o 20 e G (2 TR 2

= Physiological pharmacological model (blood flow or perfusion model)
o Benefits
¢ Canmodel withouttakinginto account route of administration of acompound
¢ Canmodel acrossspecies
= Fig5-1
o Twophases
1. Distribution phase:rapid process due to volume of blood flow. High slope
2. Elimination phase: lowerslope
= Fig5-4:
O Seeequation of combined line.
Pg3
o IVnonlinear pharmocokinetics (notin 1st order elimination process)
= Riboflavin nonlinear due to saturation of proteinin gut wall
= Etc more examplestable 16-1
= Figure 16.1 graph plasmaconcentrationvstime
O Linear:compound B-firstorder kinetics
o Asconcentration goes up, hastwo options
1. Continuetogetrid of compoundlinearly(lineC)
2. Getridof compoundasin line Aat zero orderkinetics.
¢ Saturation (absorption protein, biotransformation) occurs whichis zero order
= Figure 16.2: AUC vs Dose
= Summary:Asyou give chemical compound atlow doses, in general you will getrid of it by 1st order. As dose isincreased
saturation may occurto go by zero order kineticsin which the rate depends on the concentration of the component thatis
saturated.
Pg4
o Figure 16-12
= 2drugsare given atexactsame dose
o Bislinearly excreted becauseitis not protein bound
o Aiseliminated much slower because itis 90% protein bound
o Protein bindingslows down elimination process.
o Figure 16-14
= QOpposite effect by mention on previous page (saturation slows down elimination)
= Here largerthe amountof chemical, the fasterthe elimination.
o Concentration enhances excretion rate.

Continue 4/28
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e Pg5 Clearance graphs
o Methotrexate
= Extrapolatesvolume of distributio nbetween difference of species
o Caffiene
= Monkeydoesnotfitwell becauseitisalongerlifespananimal comparedto mouse, rat, & rabbit
= Nextgraph

e Pg7

o Chemical 2,3,7,8-TCDD
= Guin
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Notes 04/28 Toxicogenetics

Tuesday, April 28,2009
1:45PM

¢ Toxicogenetics - determines why eachindividual shows variability to response
o Forprescribeddrugs: potential of 600fold difference (2-3 orders of magnitude different)
o Drugdosesworksinabout 60% of population, 20% not high enough, 20% too high of dose

¢ Toxicogenetics (& pharmakogenetics/ecogenetics)
o Phenylketonuria (PKU) geneticdisorder
= Unabletoconvert phenylalanine ->tyrosine
= Excess phenylalanine leads to mental retardation
o SNP-single nucleotide polymorphism

CAAT l500 + Yo occaverna
GTTA/C/c

= SNPoutcomes:
1. Nochange, silent mutation
2. Mutation can happenin splice sites (introns) which does not code for protein

e Continued pg9on 4/30
o Figl:
= Drugmetabolizingenzyme SNP: Gene altered by SNP cannot metabolize compound as quick as WT. Metabolic
deficiency
= Drugreceptor SNP:
= Bothdrugmet enzyme and drugreceptor SNP: highest toxicity
o Genetics becomes extremely complex becausethere is potential for many SNP to effect toxicity (this exampleis only 2
SNPs)

e Pglo:
o Fig3
= Cartoonof gene for AH receptor
= Mice brothersister mated for 20 generations sothatall genes are exact same. Utilizing these types of mice, takes
geneticfactorout of toxicity
= Notmimicinghuman population with SNP so flipside isinbred mice do not fit human population

= Model of ABCprotein mRNA giventhatthereisa SNP betweenthese two RNAs

= Large numberof nucleotidesin structure of RNA. Out of all NT, position 3435 difference Cvs Uleadsto completely
different structure of RNA

= Whatdoesthisleadto? If thisRNA codes for protein, the difference between proteinsis only at thatsingle locus.
o Cancause alteration of 1/2life or RNA could be affected depending of structure of RNA
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Notes 04/30 Toxicodynamics Part 1

Tuesday, June 02,2009
2:45 AM

e Toxicodynamics:assuming chemical has gotteninto body and gone to appropriate cell in body...what doesit do to cause toxicit y
o Talks about mechanisminwhich toxicity occurs

e Pgl
o Adaptive Response: When exposed to chemical in low dose, adaptive response that leads to protection of various toxic
events
= HSP (heatshock protein)
0 AHreceptorcellsboundtoHSPin cells.
Expose mammalian cells to 43°Cthe cellsdie (heat shock)
Expose t042.5°C for a few hoursthey don't die when exposed to 43°C
Example of adaptive response
HSP protective against heatas well as many othertoxicphenomenon
¢ Expose toreactive oxygen species =death
¢ 0r42.5°C and thenreactive oxygen species=nodie
O HSP proteins are chaperone proteins that shuttle proteins around cell
= Hormesis -relativelylow doses of any toxic substances can have beneficial effects
o Example:background radiation allows better growth.
o Diluteitfarenough, may potentially have beneficial effects
o Deathofcells
= Celldeaththresholds
= Sometimes cankill 10-15% of organ cells can have little impact on organ
B. Howto determine cell death (difficult to determine but some methods):
1) Boundaryfunction: Give dye and if cellis healthy, willrepulse the dye. Blueif cell isdead (membrane integrity)
2) Energy metabolism:If cell nolongercreating ATP may be indication of cell death
3) Proteinsynthesis: not making proteins, usually celldead
4) Transcription: nottranscribing, usually cell dead
C. Differentiation of apoptosis and necrosis (oncosis): these are 2ways of describing cell death
1) Apoptosis
¢ Embryodevelopslimb, cell deathin between each digits thatleads to the hand.
¢ Inbrain, large numberof neuronsthat originally develop and large numberof them die

Oo0ooao

e Pg2
o Toppg 2 eventsof aptoposis
e Bottom pg4 eventsof necrosis

e Pg2
o Apoptosis:
= Signson handout (surface contact, shrinkage, organellesintact, nuclear change, phagocytosis)
= Sometimes DNA laddering due to DNA fragmentation (fig3.7)
= Lowamounts of apoptosis aren'tdetectible due to phagocytosis
= Fig3.8: cartoon of what happensinapoptosis
o Priming(reversible)
O Oncetriggered(Carelase), notreversible. Lead to cell death.
o Calowinternal concentrationinside cells (13,000x more concentrated outside of cell)

e Pg3
o 2typesapoptoticevents

1) Extrinsic(fig 1shows 2 pathsto get effector capases)
o Seriesof eventswhich leads to activation of several caspase thatleads to cell death
O Intracellularinductionthatinduces at mitochondria
O Leadstorelease of cytochrome Cfrom mitochromdriaand

2) Intrinsic
o Cleave of DNAmolecules

o Necrosis was once believed tot a metabolically controlled process (physical: breaking of membrane, burning)
o Nowwe know there is programmed necrosis (always knew of programmed apoptosis)

e Pg4d
o Necrosis:
= Reverse of apoptosis (expands orswells ratherthan shrinks)
= Mechanismswhichitoccurs
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1) Ubiquitiniation of cellular proteins
¢ Ubiquitinissmall protein (76aa) that gets attached to lysine residuesin cellsin orderto target specificcell
proteosome.
¢ Inorderto carry out degredation, must first be targeted by proteosome. This is facilitated by ubiquitin
¢ Ubiquitinalsohasotherfunctions
2) Depletionof ATP
* (pg6fig3.13) umol ATP/gdry weighttissue.
¢ Permeability of cells. Low ATP levels, will initiate changing cell membrane
3) Reactive Oxygen Intermediates (ROS)
¢ Generally exposure of toxicincreases amount of ROS
¢ Talked about this ROS pathway with respect to glutathione.
¢ Vitamin Etook up extraelectron, passedvit C, oxidized glutathione, enzymethat rejuvenates
reduced form of glutathione.
¢ Overallredox state in cell thatis determined by lots of different molecular couples (NADP, NADPH)
O Toppg 8 fig1: redox couple of GSH/GSSG in plasma, cytoplasm, mitochondria
4) Loss of calcium homeostasis
¢ Extracellular concentration: 1.3mM, cytoplasmic: 100nm
¢ Depletion of ATP nolongerable to maintain membrane asymmetry

Pg5
o Differentkinds of cell death
= Notjustapoptosis/necrosis. Sometimesthereis characteristics of both (listed fig 1top pg5)
= Normal cellsthat become unattached undergo onocis (type of cell death)
= Cancercellscanovercome onocisand remain alive after unattachment
o Mitochondrial pathway suggested leading also to necrosis (diagram pg 3 showed apoptosis only)

o Table3.1

= |deathatdifferentkinds of cell death are completely different processes
o Bottomdiagram. Theory that autophagy and apoptosis are completely different processes (not overlapping)
o Othersbelieve thatthisisall part of single process that leads to cell death.

o 3curvesfig2
= Some people thingthisisall part of continuum for cell death. Autophagy willbe caused at very low doses. Dose
increases leads to apoptosis. Dose increases goes to necrosis.
o Figl(toppg7):
= numberof moleculesthatareinducedif you have ER stress orunfolded protein response (UPR)
o UPRindication that proteins have become unfoldedin some way
O 3 pathwaysdiagrammed
¢ Abilitytogetto cell death asa result of havingalteration of alterations of ER

- R
<5 ccl®

~~ -bx\c\'fb, ]-Y] EK SI'HC(. CC 13— V\Aﬂ"d( n ER

= Toxicity occurs atsite in which metabolism occurs (nucleus, mitochondria; ER).

Pg8
o Allsitesof cell are potential for toxicity (fig 3.78)
= Distribution determines
O Proteinbindingand transportto specificareas
= Biotransformation determines
o Where biotransformation occurs...if byproductis toxicit will affect area of where biotrans occurs
O IECClsin ER
O OHradical has very short half life soanywhereitis created is where toxicity occurs

ROS
o VitaminA, E, glutathione
o Enzymesthattransform ROS
= HyO2enzymes
O Glutathione peroxidase
o Peroxyredoxin
o Catalase
= Anyenzymes thatfacilitate making of OHradical?
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o Divalentcations, divalentions.
O Many of divalent cations have to be sequestered to proteins otherwise they make toxic molecules
o Cu, Fe, notfoundfreelyfloating (protein bound)

Env HIt 140 Page 25



Notes 05/12 Toxicodymanics Part 2

Tuesday, May 12, 2009
1:04PM

Toxicodynamics
Pg14

0, = H(Z@Z
OH
OH"

* negative charges goinginto vesicle, compensated by positive charges goingin. Which would make
electroneutral, except superoxide contribution is molar, K/Hdoesn't compensate enough with only

mmolaramounts

* 90% of negative charge is countered by negative charge coming out of strychnine dependent

transporterforchorideions.

e Reactive oxygen species thatinitiates this process, isthe 1ststepin destructioninanorganism

o Frequentevents with toxicity (can we putthese insequence?)
= Decrease intracellular pH
= |Increaseinintracelluarcalcium
= Depletion of glutathione
= Depletionof ATP
= Alterationin mitochondrialmembranetransport

o Pgil5
= Figl
O Stressresponse: Oversimplified ->pathways target more things
= Tablel
O Whatgenesare turnedon or offinthis process?
¢ Cellcycle
> M
Gy G
(bm stop pont  To prevent P(o/fFQme\'oh
¢ If mutation occurs, cell cycle may get signal to arrest as to not transcribe mutated DNA
= Fig2

O Permanent(enduring): adaptiveresponse: Phase |, Phase
O Transient:stressresponse
O GSHis bothtransientand enduring
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Notes05/12 Toxinology

Tuesday, May 12, 2009
1:21PM

e Lotsof organisms produce toxins.
o Natural organisms make more toxic/complicated toxins than ones we can produce
= Many of the toxins are proteins or peptide
O anthrax
O Snaketoxinsare anumber of different proteins
= Organismsthatdon't produce toxins
O Fungal toxins thatare very complex chemical moieties and often forantibiotics
¢ AflotoxinB1
¢ Xeralinone- 14memberring mimicof estrogen
¢ Trycothacines

o Example:choleratoxin
= Has2 chromosomes
= TCPand choleratoxingene
o TCPgene forattachmentto intestine
0 Quorumsensing-1microorganismcansendsignal to anotherorganism
o Ifdensityinintestine is highthenthey willrelease into stool and go and infect someone else
o Coleratoxinhas 5 subunits
¢ A-28kDa
4 B-5aprox11,000Da.
¢ Choleratoxinonly attacks very specificcellsin very specific proliferation process by
betasubunit
¢ Overall MW of 60-70kDa (5 subunits), so difficulty crossing cellmembrane.
¢ Butitcausestoxicity? How doesitdo that?
& Proteins follow pathway to get out of cells
» When make protein atribosome, and do intracellular manipulations, protein at
ribosome goes to golgi (further manipulation/folding), protein goes to cell surface
andreleased by exocytosis
» Coleratoxingoesinsidecell by endocytosis and follow reverse process that
proteins get out of cells.
ABs

Choleratoxin:leadstoincrease in cell signaling molecule cAMP
cAMP activates PKA, (activate CFTR by PKA and not ATP)
Huge release of H,0 and Cl- out of cellsas a result of choleratoxin

Function of betasubunit, target specificsite on specificcells that toxin want sto getinto. Beta unit, is

targetfor GM1 gangliosie.
Alphasubunit, alpha activates ADP-ribose to Gsalpha
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Notes05/12 DNA Structureand Mutagenesis

Ave grade:
Tuesday, May 12,2009 Grad 60/125
144 PM Ugrad 40/100
e Pagel:
. Componentsof DNa
= Sugarsin RNA/DNA (ribose/deoxyribose)
= BP2 pyrines, 2pyrimidinesin DNA and RNA
= DNAstructure: basesare all parallel to each other, planar molecules
e Pg2:
I. Structure of DNA

= A,B,ZDNAforms
II. DNAreplication is semiconservative
Ill. Geneticcode

e Pg3:
o Replicationfork- large #of proteinsinvolvedin this process (16 about)
V. Mutations
= Figure 4.17: frame shift mutations
= Whennucleotides can be exposed to nitrous acid - takes off amine group and oxidizes
o Cytosine to uracil - non complimentary BP. Becomes a problem with replication in which 2 different pieces of DNA with different
sequences
e Pg4
= Figure4.19
O Replicationin presence of something thatimitates nucleotide
¢ BrdU(bromodeoxyuridine) looks like Thiamine, polymerase uses BrdU instead
= Ketoenol shift, critical for way that polymerase reads base.
O Polymerase canread keto form different than enol form
e Pg5

VI. Mutations are concentrated at hotspots

= Figure 4.20, particularly sensitive at 200 place. Mutations occurin specificsites and not uniformly across all DNA (like ta rgeting all G)

= Table2
o Compoundsthat cause methylation an ethylating can be mutagenic
o Methylation and ethylation can be added to xenobiotics to facilitate elimination or reduce toxicity, etc. Does not make compo und

more watersoluble (makes more lipid soluble)

0 Methylation/ethylation generally does not enhance excretabilitydue to lowerwater solubility
o Methylation at specificNT can cause polymerase toread NTas wrong NT

= Figure4.21
o0 Methylated cytosine leads to mutation afterreplication

e Pgb
o Mutationrate of the Gs are dependenton nucleotides right nextto G.

CG\G.Gy T
X

= |fX=A, G3 most mutated
= Conclusion: Nontarget NT can be importantin determining mutagenicevents
VIl. Spontaneous rates of mutation
= 10°-10° chance locus has mutation
= 10°-10%°single NTmutation
= Silent mutation - mutation occurs but doesn't change amino acid
= Forwardversusreverse mutations
o Assays used to detect mutagenesis traditionally look at reverse mutaions
¢ AMEStesttook bacteria, altered bacteriato need His (doesn't normally need His), mutate back to normal phenotype in WT
¢ Forward mutation from WTto mutation
VIII. Alterationsin classical genetics
Simplisticmodel:

DNA

a
RIVA

J

P rstein

= ButalsosiRNA, miRNA, piwiRNA.
= NTrepeatdiseases

e Pg7
o Fig2. DNArepeatdiseases.
CGG.
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= Fragile X (Excessrepeatsin 5' regulatoryregion in gene, causes mental retardation.)
O WT:6-50 CGG repeats
O Heterozygous 50-200 CGG repeats

= SMB, Huninton'sdisease, etcdominantin protein codingregion
o Dominantgene

= Bringsvariability of length of DNA depending on #of sequence repeats

IX. Aspectsof mechanisms
= Table 1-2. things that cause mutations
o UVlight
o Etc
O 3/4 of mutagens are carcinogens

= Table 1:enzymesinvolved in biotransformation of mutagenic chemicals
O Many mutagenicchemicals become mutagenicas aresult of process of biotransformations we do on these
compounds
o Benz[a]pyrine talked about before
o P-450 create epoxides, arene oxides, etcwhich can enhance ability to attack DNA and make mutagenic

Page 8
= Table 1:continued
O Phase llreactions thatlead to mutagenesis
= Fig12: benzo[a]pyrene
O Epoxidized at 7.8 position, broken down to doil, subsequently epoxide again, to create 9,10 epoxide which can
attack bases of DNA
¢ Thiscreates bulky adduct

Continued 5/14
Pg10
o Tablel:
= Error rates of DNA polymerase types (alpha, beta, etc)
Pg13 fig 1, thereis proof reading, and mismatch repairto furtherrefine to bring error rate to 10° for A and B family
= Yfamily pols, highesterror
o Yfamily can see through adducts such as below. Aand B can't do polymerase below

B)P

Mutations

o BPsubstitution

o Frameshift
Clastogenesis (ring chromosome, break chromosome, dicentric centromeres)
Aneuploidization (trisomy 21, 18, 13) - 3 copies

How do we detect mutations
o AMEStest
= Mutate bacteriaat hisdidine locus to create auxotroph bacteria (need histidine to survive)
= Measuring reverse mutation back to prototrophy
= Used bacteria-Salmonellatyphimurium
= Stepstomodify AIMS to detect better

o Take out DNA repairin microorganism

O Getrid of LPS gene, getsrid of transporters that get rid of chemical from bacteria.

o  Mimicbiotransformation that occursin humans: Many chemicalsin human become
mutagens by biotransformation. S-9 mix takes homoginized liver from arat that has been
induced to produce mutagen biotransformation.

= Amestestischeap
o TK(thymidine kinase) mouselymphomacell assay
= Measuresforward mutation (aimsis reverse mutation) forward mutation is more realistic
= Mammaliancell DNA
= More expensive but more similarto human
o Chromosomal chinease hampsterovary cells
= Takesintoaccountclastogenesis
o Sisterchromatid exchange (bottom pg 14)
= Label1chromatid withflorescentdye.
= Measuresrecombinanteventsforsingle chromosome
= Chemical agentscaninduce recombinant events and measured by florescence
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Notes05/14 Carcinogenesis

Thursday, May 14, 2009
2:24PM

e Pgl
o Fig9.66 compare types of cancer that are due to genetics versus environment

e Pg2
o Fig6.1Chemical agents puton skin of mice to determine if agents could cause cancer.

e Pg3
o 3setsofgenesincancer process
1) Oncogenes
2) Tumorsuppressorgenes
3) Stabilitygenes

© Oncogenes = Dominant-only have to mutate 1 oncogene to get effect

G F (quonth fachor
b

Vi
\]! g\qnal +fp\ﬂ§dvc+l.0m
Vi

1

o Tumorsupressorgenes
= Recessive - mustalterboth copiesforeffect

Missed 5/19 lecture

Continue pg 11.5/21

e Pgl2

o Figure 2:single tumorcell proliferate
= Astumorgetslargerand larger, there isa metabolicstress associated with not having enough nutrients
= Tumorgrowth reaches maximum, series of events forangiogenesis (additional vasculator) to overcome this

metabolicstress.

o Figure3:
= c-junnormally..... Leadsto degradation, short half life
= v-gun, haslongerhalflife due to loss of ubiquitiniation signal
= Virusescan cause carcinogenesis, because theyin some ways alter DNA

o Figure 3:not talk much about. Just p53 affects many things

e Pgl3
o Endsof chromosomes have 6NT repeats. Each time chromosome is duplicated, some of those NTare lost
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o Whentelomeresare very shortitwill stop proliferatingand gointo process called senescence
o Ifyouhave up-regulation of telomerase, it can reestablish telemeres at the end of chromosomes
o Table3
= Differentspecies have different responses to carcinogens
= Selectingspeciesforassaysisimportant
e Pgl4
o VEGF - vasculargrowth factor. Growth of blood vessels from existing blood vessels (angiogenesis)
o Vasculargenesis-new vessels
o Angiogenesis - branching of existing vessels
o Inducing of VEGF - HIFSC
= HlFalphanormally createdin cell butalso destroyed by proline hydroxylase
= Build up of HIFalpha, goes into nucleus, dimerize with another HIFbeta, induce response that alters hypoxia
O Aresponse to hypoxiaiscreating blood vessels so VEGF would be one thatisinduced
O HIFbetaisthe sameas Arnt

b
N

fr)frre)

o Figure l:intravastation and otherstepsin metastaticcascade
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e Pgil5
o Maximumtolerated dose

st So /

S0l LIoM
Mice S
So¥

Assay is 10 million so cannot do more than about 200 rats. Want to find carcinogenesisin larger
numbers so use high dose and extrapolate to low dose.

Linearnontheshold

Athigh doses, cell death occurs. Loss of cells causes cellular proliferation. Cellular proliferation and
mutations occur.

o TCDD- not mutagenicbut carcinogenic. Induces process of Arnt/Ahrfor upregulation of CYP enzymes. The CYP
enzymes do notimpact TCDD though, so how doesit cause cancer? We don't know.

= Benzoate pyrene (B(a)P) also binds Ahr, upgreg of CYP, and CYP breaks down B(a)P
o Doseresponse curve:

lirear o -f'l\f{SZwM ; m,ﬁ‘agmf

~7
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O poseresponse curve:

In’%/ noe ‘H\MS[)aM : m,ﬁagmf
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PXR, CAR, PPAR all dimerize to RXR
Livertumorsinthe male B6C3F1 mouse

O O O O

Alpha2u-globulin: high concentration foundin rat blood. In male rates it causes kidney tumors. The carcinogen can be
reason forkidney tumors orthe native alpha2u-globulin tumor.
o TCDDis planar: 4angstrom by 9 angstrom. Similarsize molecules will bind to Arntjust as TCDD does.

o Table9
= Potency of carcinogensvaries

Pg16:
o Fig9.58
= Change 12th codon, G-T change. Activate ras oncogene leading to overall cancer process
o Fig2:
= Radiation exposure(linearnonthreshold response)
o Fig9.64
= Estrogen dependentcarcinogen. Conditions of removal of ovaries and injected estrogen

Pgl7
o Figl:rolesof differentgenesincancer
= Certaingenesresponsible forinitiation process, genes responsible for metastasis. Some fall between both
categories
o Figl:some typesof mutagenesisare preferablefor DNAinthe B-form.
o Longperiod of time from exposure to development of cancer
= Leukemiais 10-15yrs as opposed to 20-25yrs. Leukemiacells are not attached to an organ, soit is quickerto
develop.
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Notes 05/21 Immunotoxicology

Thursday, May 21, 2009
2:32PM

Immune systemisvery complexas to deal with amultitude of insults

Two majortypes of immunity

1) Innateimmunity - consist of anumber of cells that you have

2) Acquiredimmunity - consists of making antibodies

Different species have differentinnate vs. acquired immunity

Immune system has several types of cells (pgl Table 12-2)

Two things can happen forimmunotoxicology

1) Decrease effect ofimmune system: Many mutagens are alsoimmunosuppressant agents
= May be preventingability torid the body of tumor cells after cancer develops

2) Increase effect ofimmune system:
= Hypersensitivity -immuneresponse to drugs. 7-8% of hospital are due to druginteractions
= Autoimmune

Pg2
o Fig1l:allcellsderived fromstem cells
= Cellscreatedinbone marrow (lymphocytes), some goontocreate T cells at thymus while some go on to create B cells
o Becellsresponsible forcreatingantibodies
Pga
o Fig2: keyfiginhandout: Antigenistakenin
= Shows 10 differentaspects of overall process. Many chemical substances perturb different pointsin this process
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Notes05/26

Thursday, May 28, 2009
1:09 PM

Missed Lecture
Inhalation Toxicology

Env HIt 140 Page 35



Notes 05/28 Reproductive Toxicology

Thursday, May 28, 2009
1:08 PM

Review Mon june 8that 12 noon

Beryllium toxicity
1. Acutetoxicity
2. Cancer

o Chronicberyllium disease (CBD)

= Formation of vesiclesinlungasaresult of mediatinga process through the immune system
= HLA-DPB1% human lymphocyte polymorphism (glutamicacid at 69 position).
o 1/3 of people have this polymorphism
o Riskfactorforchronicberyllium disease
o Complicated: US governmenthas alot of beryllium chemistry labs, govt discovered this polymorphism. Tested
those people with beryllium disease and many had this polymorphism, govt tried to remove these people form
berylliumresearch

Reproductive Toxicology

o

Pg4

o

o

Examples:
= Hypothesized fall roman empire due to lead toxicity (winefrom certain crucibles). Increasein infertility
= DBCP (dibromochloropropane) - industrial exposure in mid 1970s in California. Decreased levels of sperm. UCagency
founded forcenter of occupational health
Endocrine disruption: chemicals thatinterfere with steroid hormone activity
= Bioaccumulation of chemicalsin the body - result fromincrease in industrialization since WW2
= Fish exposure to chemical upregulationin female hormones... feminization of fish population
Male and female germ cells develop at different times.
= female
o 8weeksgestation: female 600,000 eggs
o 20weeksgestation: female 6x10° eggs
0o >20weeks: # of eggs decrease duringlifetime

Initiation of reproduction startsin CNS, then hypothalamus, etctec(fig 16.7)
= Some chemicals affect CNS or not reproductive organs directly but have reproductive toxicity
Table 1: experimentsinanimals are relatively appropriate for predicting effectin human

Development of follicles

= development of single egg cell takes approx 3 months

= Spermtake approx 10-12weeks (approx same as eggs) frominitial stem cell into sperm

= Botheggsandsperm go through a number of sequential steps to maturate so that fertilization can occur

= Ateachstage for egg maturation, loss of some follicles (large number of follicles go through initial stages)
o Chemical substances have capability for being specificfor specificstagesin this overall process

= Qverall process (fig2):
1. hypothalamusrelease GnRHto pituitary

2. Pituitaryrelease FSHor LH
3. Ovariesdevelopfollicles (follicogenesis)
4. Release of singleoocyte
5. Iffertilized, implantsin uterus
Fig16-6
= Release of GnRHrelease FSHor LH. Concentration of FSHand LH change overtime. Surge of LH and FSH duringrelease
of oocyte

= Steroid hormones are goingthrough changes as well... surge of estradiol just priorto release. Surge progeseterol just
afterrelease.
= Endometriumsloughingand increasing based on cycle
Table 16-23
= Environmental chemicals thatinterfere with female reproductive capability
= Complexity of this system keeps us using animal models since cell culture and human oocyte tests are notideal (hard
togetoocytes,
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Pg5

Pg6

Pg7

Pg8

Pg9

Table 16-20
= Endpoints peoplemeasure to determineif reproductive toxicity has ocured

Graphrighthand side

= Earlyingestation, 600,000 eggs

= Peakeggamountingestation

= Qvertime loss off eggsin lifetime
Lefthandside.

= Curve of loss of eggs overtime roughly equivalent between human and mouse (though mouse has significantly lower amount of eggs)
Table 6

= Simple compound (lead) can affect every aspect of reproductive toxicity. (both male and female)

Table 2.5
Agranulosa cellisa somaticcell of the sex cord that is closely associated with the developing female gamete (called an oocyte oregg)
inthe ovary of mammals.

Pasted from <http://en. wikipedia. org/wiki/Granulosa>

Table 2.6
The thecafolliculi comprise alayer of the ovarian follicles. They appear as the follicles become tertiary follicles.

Pasted from <http://en.wikipedia.org/wiki/Thecal cell>

Table 2.7
An oocyte, ovocyte, or rarely ocyte, is a female gametocyte orgermcell involved in reproduction. In other words, itisanimmature
ovum, oreggcell. An oocyte is part of the ovary development. The germ cells produce a primordial germ cell (PGC) which becomes an
oogonium which marks the start of mitosis. After mitosis stops (due to actions of retinoicacid and the mesenephros) meiosis starts.
This stage the oogoniais now an Oocyte (pronounced oh'a-site).

Pasted from <http://en. wikipedia.org/wiki/Oocyte>

Fig 1: endrocrine disrupting chemicals. All produce same endpoint though have different mechanisms of producing endpoint.
= Diethylstilbestrol - cross placentacarcinogen
= 17B-estradiol - bind to estrogen receptor
= Genistein-worksatone of 2 different kinds of estrogen receptor.
Table 1: VCH
= VCH: 2 sites forepoxidationin biotransformation. Turnsinto VCD
= ChangesinFSHuntil latertime.
o VCHworksdirectly atovary and does not effect upstream processes because changesin upstream processes come subsequently.
Fig4: VCDreduces ovarian weights by about 1/2
Fig 1 various endocrine disrupting chemicals:
= Chemicalsthat mimicestrogen are endocrinedisruptors.
= Chemicalsthatblock estrogen are also endocrine disruptors.

Table 1:indicator of developmental toxicity. Giving DES to animals. Take mike thatare WT and get a phenotype from DES treat ment
= Take a mouse with estrogen receptorremoved, don't see these same DES endpoints. So DES toxicity is mediated through estrogen
receptor.
= DESbindsto bothalphaand betaestrogenreceptor
Cartoononlefthandside (fig 3). Interaction of estrogen receptorwith AhRreceptor
= XenosensorAh receptorhasinteractions with estrogen receptor
= Betterdiagramedonpg9. figl
Table 2:
= Effect of genistein which works specifically at 1 of the estrogen receptors (DES binds to both)
= Genostein works notonly atbeta, butalso has tyrosine kinase activity. Itis not the tyrosine kinase activity thatis responsible for toxicity
= Knockout mouse Bestrogen receptor shows no toxicity, so betareceptoris target toxicity forgenistein
= Asexceed dose affinity forchemical can hitlevel in which in affects other lower affinity xenosensors (AhR, CAR, PXR, ER)

Fig1 (rt handside) TCDD reacting at estrogen receptor.
= Ahreceptorcango 2 directions
1. Turnsonestrogenicity without estrogen present (mimicof estrogen)
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2. Leadstothe degradation of the estrogen receptor (prevent estrogenicity of other compounds)
o Picture leftside pg9
= FSHand LH have opposite effects on granulosa cells (proliferation vs differentiation)
= Luteinizainghormone and epidermal growth factor both go on single pathway ERK1/2 that will effect gene expression
= LHeffectona cell will notbe independenton all other effects on the cell.

e Pglo
o Malereproduction
= Sperm producedinseminiferous tubule. Stems cellsin outerregion of seminiferous tubule. Undergo gradual maturation as they go
through center. Seminiferous tubule filled with sertoli cell (comparable to female granulola)
= Leydigcells-produce hormones and othersorts of things
= DNAiswrappedaround octamones of proteins. 140,150nt of DNA in octamere bunched together. 2 types of chromatin
0 Heterochromatin (very dense, forareas thatare not transcribed actively)
o Eukromatin (actively transcribed genes)
= Insperm protamine replacesall the histones to pack even denser. This prevents from damage that could occur (oxidative damage).
Protamine is sort of superheterochromatin form.
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