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Chimica Farmaceutica eChimica Farmaceutica e   

Tossicologica Tossicologica ðð  Parte IIParte II   

Chimica Farmaceutica eChimica Farmaceutica e   

Tossicologica Tossicologica ðð  Parte IIParte II   



      S.MORO ï CFTII Molecular Machineries  M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy  

Menù (turistico) del trimestre di CFTIIMenù (turistico) del trimestre di CFTII   

ÅÅParte prima: Parte prima: generalegenerale     

LeLe  basibasi   chimicochimico --fisichefisiche   dellõinterazionedellõinterazione  farmacofarmaco --bersagliobersaglio   

molecolaremolecolare ;;  

SistemiSistemi   didi   comunicazionecomunicazione   cellularecellulare   

ÅÅParte Parte secondaseconda : : sistematicasistematica   

FarmaciFarmaci   terapeuticamenteterapeuticamente   rilevantirilevanti   inin  patologiepatologie   deldel   SNC,SNC,  
dellõapparatodellõapparato  cardiovascolarecardiovascolare ,,  deldel   sistemasistema   immunitarioimmunitario   ee  deldel   
sistemasistema   riproduttivoriproduttivo   

VV  
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BeBe  patient,patient,   II  taketake   offoff   thethe   jacketjacket   ofof   

pharmaceuticalpharmaceutical   andand   chemical,chemical,   undeservedly,undeservedly,   

II  wearwear   thethe   pharmacologistpharmacologist ::  

BeBe  patient,patient,   II  taketake   offoff   thethe   jacketjacket   ofof   

pharmaceuticalpharmaceutical   andand   chemical,chemical,   undeservedly,undeservedly,   

II  wearwear   thethe   pharmacologistpharmacologist ::  

Biological Space  

Biological  or òOnó Target 



      S.MORO ï CFTII Molecular Machineries  M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy  

ReallyReally   veryvery   interestinginteresting ::  thethe   HumanHuman   ProteinProtein   

AtlasAtlas éé  

ReallyReally   veryvery   interestinginteresting ::  thethe   HumanHuman   ProteinProtein   

AtlasAtlas éé  

credits : https://www.proteinatlas.org/  
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DruggableDruggable   targetstargets éé  DruggableDruggable   targetstargets éé  

credits : https://www.semanticscholar.org/paper/The -druggable -genome -Hopkins -Groom/648a2ef46c4f7b335741111c445ee26adf2f0644/  
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AA  propedeuticpropedeutic   conceptconcept ::  systemssystems   theorytheory   

credits : https://www.nature.com/articles/nrd.2015.18 /  
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AA  propedeuticpropedeutic   conceptconcept ::  systemssystems   theorytheory   

credits : https://www.nature.com/articles/nrd.2015.18 /   ; https://www.nature.com/articles/nrd.2018.234/   

Keq =   
kon 

koff  
residence time, t = 

1 

koff  

https://www.nature.com/articles/nrd.2015.18 /
https://www.nature.com/articles/nrd.2018.234/
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Organization ė Compartmentation   

IN 

OUT 

FundamentalsFundamentals   ofof   cellularcellular   communicationcommunication   

theorytheory ::   
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AA  propedeuticpropedeutic   conceptconcept ::  systemssystems   theorytheory   

Close system  
(thermodynamics)  

Open system  
(organized)  

Objectives:  Equilibrium stateEquilibrium state   Stationary stateStationary state   

Operative tools:  DDH e H e DDSS  DDH e H e DDS e S e DDII  

Operative process:  ®®DDH e H e ¬¬DDSS  ®®DDH e H e ®®DDS e S e ¬¬DDII  
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Fondamental problems of  compartmentation   

IN 

OUT 

FundamentalsFundamentals   ofof   cellularcellular   communicationcommunication   

theorytheory ::   

Through  which  mechanisms  can  it  be possible  to  
efficiently  transfer  massmass   and  informationinformation  between  
the  two  sides  of  the  membrane?  
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IN 

OUT 

FundamentalsFundamentals   ofof   cellularcellular   communicationcommunication   

theorytheory ::  transporterstransporters   

diffiusion  
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IN 

OUT 

FundamentalsFundamentals   ofof   cellularcellular   communicationcommunication   

theorytheory ::  receptorsreceptors   

CELLULAR RESPONCE  
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WeWe  cancan   summarizesummarize   asas  followsfollows ::  

AsAs  itit   isis  truetrue   thatthat   aa  manman   doesdoes   notnot   livelive   

byby  breadbread   alone,alone,   itit   isis  alsoalso   truetrue   thatthat   anan  

organizedorganized   systemsystem   doesdoes   notnot   livelive   onlyonly   

ofof   exchangeexchange   ofof   mattermatter   andand   energyenergy   

butbut   alsoalso   ofof   informationinformation .. 
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What  receptor  isé from  a  molecular  

point  of  view : 

Receptor as recognition machine  

Receptor as trasduction machine  

Recognition  is a necessary,  but  not  sufficient,  

characteristic  of  a receptor . Receptors  are  necessarily  a 

molecular  machines  translating  the  chemical  information  of  

the  interaction  with  the  ligand  into  a cellular  response . 

Receptor  is a molecular  machine,  prevalently  a protein -

based  object,  able  to  measure  at  atomic  level  molecular  

complementarity . Molecular  complementarity  is a 

fundamental  way  to  describe  chemical  information . 
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The simplest concept in receptor pharmacology  

ACTIVE 

STATE 

(R*) 

INACTIVE 

STATE 

(R) 

ANTAGONIST AGONIST 

CELLULAR  

RESPONSE 

CELLULAR  

RESPONSE 

RECOGNITIONRECOGNITION  RECOGNITION +RECOGNITION +  

TRANSDUCTIONTRANSDUCTION  

What  receptor  isé from  a  molecular  

point  of  view : 
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The simplest concept in receptor pharmacology  

ACTIVE 

COMPLEX 

(R*-Ago)  

AGONIST 

CELLULAR  

RESPONSE 

CELLULAR  

RESPONSE 

AGONIST 

What  receptor  isé from  a  molecular  

point  of  view : 

ACTIVE 

(R*) 

MathematicalMathematical   modelmodel ::  
kkoffoff   

DDago ago + R+ R  [D[DagoagoR]R]  EffEff   
kkonon  kkeffeff   

Remember the differences between closedclosed  and openopen  system!!!  
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AGONISTAAGONISTA   PIENOPIENO  (FULL(FULL   AGONIST)AGONIST) ::  oggettioggetti   

chimicichimici   cheche   RICONOSCONORICONOSCONO   ilil   recettorerecettore   ee  sonosono   

inin  gradogrado   didi   TRASFERIRETRASFERIRE    lõinformazionelõinformazione..  

Modello Matematico:Modello Matematico:   
kkoffoff   

DDago ago + R+ R  [D[DagoagoR]R]  
kkonon  

EffEff   
kkeffeff   

[DagoR] 

[D]  

[DagoR]MAX 

Eff  

[D]  

EffMAX 

RICONOSCIMENTO  
(AFFINITY)  

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

EC50 
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AGONISTIAGONISTI   PIENIPIENI::  ECEC5050  unun  valutatorevalutatore   numericonumerico   

dellõefficienzadellõefficienza  deldel   trasferimentotrasferimento   

dellõinformazionedellõinformazione..  

[DagoR] 

[Dago ] 

[DagoR]MAX 

Eff  

[Dago ] 

EffMAX 

RICONOSCIMENTO  
(AFFINITY)  

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

EC50 

Modello Matematico:Modello Matematico:   
kkoffoff   

DDago ago + R+ R  [D[DagoagoR]R]  EffEff   
kkonon  kkeffeff   
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AGONISTIAGONISTI   PIENIPIENI::  perper   lala  valutazionevalutazione   

dellõefficienzadellõefficienza  deldel   riconoscimento,riconoscimento,   siamosiamo   giàgià   

prontipronti   aa  definirladefinirla ::  

[DagoR] 

[Dago ] 

[DagoR]MAX 

RICONOSCIMENTO  
(AFFINITY)  

Modello Matematico:Modello Matematico:   
kkoffoff   

DDago ago + R+ R  [D[DagoagoR]R]  EffEff   
kkonon  kkeffeff   

[ ]
[ ][]RD

RD

k

k
K

ago

ago

bind
Ö

==
2

1
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AGONISTIAGONISTI   PARZIALIPARZIALI   (PARTIAL(PARTIAL   AGONIST)AGONIST) ::  ilil   

riconoscimentoriconoscimento   cõ¯cõ¯  mama  lõefficienzalõefficienza  deldel   

trasferimentotrasferimento   dellõinformazionedellõinformazione  nonnon   èè  lala  piùpiù   quellaquella   

ottimaleottimale ..  

[DagoR] 

[Dago ] 

[DagoR]MAX 

RICONOSCIMENTO  
(AFFINITY)  

EC50 

Eff  

[Dago ] 

EffMAX 

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

Modello Matematico:Modello Matematico:   
kkoffoff   

DDago ago + R+ R  [[DDagoagoRR]]  
kkonon  

EffEff   
kkeffeff   
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AGONISTIAGONISTI   PARZIALIPARZIALI   (PARTIAL(PARTIAL   AGONIST)AGONIST) ::  unun  

bellissimobellissimo   esempioesempio éé  

CarfentanilCarfentanil   

FULL AGONIST  

CarboCarbo --carfentanilcarfentanil   

PARTIAL AGONIST  

Ki  (m) = 0.024 nM  Ki  (m) = 95.2 nM 

OH OHO

H

N

CH
3

MorfinaMorfina   

Ki  (m) = 1.45 nM  

FULL AGONIST  
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AGONISTIAGONISTI   PARZIALIPARZIALI   (PARTIAL(PARTIAL   AGONIST)AGONIST) ::  unun  

bellissimobellissimo   esempioesempio éé  indovinateindovinate   unun  poõ?poõ?  

[DagoR] 

[Dago ] 

[DagoR]MAX 

RICONOSCIMENTO  
(AFFINITY)  

EC50 

Eff  

[Dago ] 

EffMAX 

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  
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ANTAGONISTIANTAGONISTI   (NEUTRAL(NEUTRAL   ANTAGONIST)ANTAGONIST) ::  

oggettioggetti   chimicichimici   cheche   RICONOSCONORICONOSCONO   ilil   recettorerecettore   

mama  NONNON  sonosono   inin  gradogrado   didi   TRASFERIRETRASFERIRE    
lõinformazionelõinformazione..  

[Dant ] 

[DantR]MAX 

RICONOSCIMENTO  
(AFFINITY)  

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

Eff  

[Dant ] 

EffMAX 

Modello Matematico:Modello Matematico:   
kkoffoff   

DDant ant + R+ R  [D[DantantR]R]  EffEff   
kkonon  kkeffeff   X 
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ANTAGONISTIANTAGONISTI ::  comecome   misuriamomisuriamo   lala  suasua   efficaciaefficacia   

nellõantagonizzarenellõantagonizzare  lõazionelõazione  didi   unun  agonistaagonista éé  oo  

misurandomisurando   lala  suasua   costantecostante   didi   affinitàaffinità   alal  recettorerecettore   

oppureoppure ....  

[DR]  

[D]  

[DR] MAX 

RICONOSCIMENTO  
(AFFINITY)  

Modello Matematico:Modello Matematico:   
kkoffoff   

DDant ant + R+ R  [D[DantantR]R]  EffEff   
kkonon  kkeffeff   X 

[ ]
[ ][]RD

RD

k

k
K

ant

ant
bind

Ö
==

2

1
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ANTAGONISTIANTAGONISTI   COMPETITIVICOMPETITIVI ::  comecome   misuriamomisuriamo   lala  

suasua   efficaciaefficacia   nellõantagonizzarenellõantagonizzare  lõazionelõazione  didi   unun  

agonistaagonista éé    competendocompetendo   concon   questõultimo!questõultimo!  

EC50 

Modello Matematico:Modello Matematico:   

kkõõoffoff   

DDant ant + R+ R  [D[DantantR]R]  
kkõõonon  

kkoffoff   

DDago ago + R+ R  [D[DagoagoR]R]  EffEff   
kkonon  kkeffeff   

[DagoR] 

[Dago]  

[DR] MAX 

Eff  

[Dago]  

EffMAX 

RICONOSCIMENTO  
(AFFINITY)  

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

[Dago ] 

[Dant ] 

[Dago ] 

[Dant ] 
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ATTIVITAõATTIVITAõ  BASALEBASALE   (BASAL(BASAL   ACTIVITY)ACTIVITY) ::  esistonoesistono   

alcunialcuni   sistemisistemi   recettorialirecettoriali   cheche   manifestanomanifestano   unun  

effettoeffetto   ancheanche   senzasenza   lala  presenzapresenza   didi   unun  agonistaagonista ..  

Modello Matematico:Modello Matematico:   

[DagoR] 

[Dago]  

[DR] MAX 

RICONOSCIMENTO  
(AFFINITY)  

Attività basale  

Eff  

[Dago]  

EffMAX 

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

k*k* offoff   

RR  [R*][R*]   EffEff   
k*k* onon  kkeffeff   
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AGONISTAAGONISTA   INVERSOINVERSO  (INVERS(INVERS  AGONIST)AGONIST) ::  inin  

presenzapresenza   didi   unauna   attivitàattività   basalebasale   oltreoltre   agliagli   

antagonistiantagonisti   ((neutralneutral   antagonistantagonist ))  possiamopossiamo   

osservareosservare   ilil   fenomenofenomeno   dellõagonismodellõagonismo  inversoinverso ..  

Eff  

[Dago]  

EffMAX 

ATTIVAZIONE  
 (INTRINSIC ATTIVITY)  

attività basale  

antagonista  

agonista inverso  
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éé  riassumentoriassumento   oggioggi ::  
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BackBack   againagain   toto   ourour   piepie   chartchart ::  BackBack   againagain   toto   ourour   piepie   chartchart ::  

credits : https://www.semanticscholar.org/paper/The -druggable -genome -Hopkins -Groom/648a2ef46c4f7b335741111c445ee26adf2f0644/  
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WhyWhy  twotwo   differentdifferent   molecularmolecular   sensors?sensors?   

Chemical  Information : neurotransmitters,  autacoids,  hormones é 

Electrochemical  Information : ionic  gradients  (in/out)  and  
electrochemical  potentials é 

Acetylcholine  

Nicotinic  

Receptor  

Muscarinic  

Receptor  

Speed of   
signal transmission   

Tuning of  the intensity of   
signal transmission  



      S.MORO ï CFTII Molecular Machineries  M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy  

WhyWhy  twotwo   differentdifferent   molecularmolecular   sensors?sensors?   

Ionic  channels  

Speed of   
signal transmission   

Tuning of  the intensity of   
signal transmission  

GPCRs 

HIGH MEDIUM/LOW  

ACCURATE  COARSE 
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BackBack   againagain   toto   ourour   piepie   chartchart ::  BackBack   againagain   toto   ourour   piepie   chartchart ::  

credits : https://www.semanticscholar.org/paper/The -druggable -genome -Hopkins -Groom/648a2ef46c4f7b335741111c445ee26adf2f0644/  
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DoDo  youyou   rememberremember   thethe   typicaltypical   

electrochemicalelectrochemical   information?information?   

...  in particular  the  correct  ionic  concentrations  are  essential  for  the  
survival  of  the  cell  and  for  communication  between  cells .  



      S.MORO ï CFTII Molecular Machineries  M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy  

DoDo  youyou   rememberremember   thethe   typicaltypical   

electrochemicalelectrochemical   information?information?   

credits: https://www.123rf.com/photo_63923652_stock -vector -types -of-ion -channel -classification -by-gating -mechanism -of - 
action -voltage -gated -ligand -gated -mechani.html  
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http://mms.dsfarm.unipd.it  
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BackBack   againagain   toto   ourour   piepie   chartchart ::  BackBack   againagain   toto   ourour   piepie   chartchart ::  

credits : https://www.semanticscholar.org/paper/The -druggable -genome -Hopkins -Groom/648a2ef46c4f7b335741111c445ee26adf2f0644/  
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GG  proteinprotein --coupledcoupled   receptorsreceptors   (GPCRs)(GPCRs) ::  
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GG  proteinprotein --coupledcoupled   receptorsreceptors   (GPCRs)(GPCRs) ::  
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Basic GPCRs PrinciplesBasic GPCRs Principles   
GPCR represents  one  of  the  biggest  family  of  ancestrally  

related  proteins . 

credits:Perez D.M. Mol Pharmacol 67, 1383-1384 (2005)  
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Basic GPCRs PrinciplesBasic GPCRs Principles   
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WhyWhy  sevensevenéé  
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GPCRsGPCRs  classificationclassification ::  
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Family A  Family B  Family C  

extra 

intra 

Peptide/Proteins 
ÅSmall peptides (38) 

ÅLarge peptides (19) 

ÅSmall Proteins (33) 

ÅLarge proteins (4) 

Small molecules 
ÅBiogenic amines (41) 

ÅLipids (16) 

ÅNucleosides (13) 

ÅOthers (3) 

Olfactory and taste (51) 

Glycoprotein's (5) 

Viral (19) 

Orphans (236)  

Peptide (3) 

Protein (8) 

Orphans (4)  

Glutamate (8) 

Ca2+ (1) 
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FamiliesFamilies   AA  andand   BB  orthostericorthosteric   bindingbinding   sitessites ::  whatwhat   wewe   

learnlearn   fromfrom   thethe   crystallographiccrystallographic   structuresstructures éé  

Small molecules  Peptides/Proteins/Lipids  
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Family A  Family B  Family C  

extra 

intra 

ORTHOSTERIC SITE  ALLOSTERIC SITE  

AnotherAnother   importantimportant   definitiondefinition ::  
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MMS Lab  (2015): 3D printed model of the human A2A adenosine receptor co -crystallized its antagonist ZM 241385 (PDB entry: 4EIY)  

FamiliesFamilies   AA  andand   BB  orthostericorthosteric   bindingbinding   sitessites ::  whatwhat   wewe   

learnlearn   fromfrom   thethe   crystallographiccrystallographic   structuresstructures ::  
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E169EL2 

FamiliesFamilies   AA  andand   BB  orthostericorthosteric   bindingbinding   sitessites ::  whatwhat   wewe   

learnlearn   fromfrom   thethe   crystallographiccrystallographic   structuresstructures ::  
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Basic GPCRs PrinciplesBasic GPCRs Principles   

GPCRs have  classically  been  assumed  to  exist  and  function  

as monomeric  entities,  and  the  paradigms  of  ligand  binding  

and  signal  transduction  were  based  on this  hypothesis .  

GPCR-driven  signal  transduction  is based  on G protein  

coupling  from  the  intracellular  environment!  
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G protein: guanosine nucleotide -binding proteins .  
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HeterotrimericHeterotrimeric   GG  proteinprotein éé  aa  GTPaseGTPase   

    Heterotrimeric  G proteins  are  composed  of  three  subunits,  
Ŭ, ɓ and  ɔ, and  their  switching  function  depends  on the  
ability  of  the  G protein  Ŭ-subunit  (GŬ) to  cycle  between  an 
inactive  GDP-bound  conformation  that  is primed  for  
interaction  with  an activated  receptor,  and  an active  GTP-
bound  conformation  that  can  modulate  the  activity  of  
downstream  effector  proteins . 

Guanosine triphosphate, GTP  Guanosine diphosphate, GDP  
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    Despite  the  size  and  diversity  of  the  GPCR superfamily,  
these  proteins  interact  with  a relatively  small  number  of  G 
proteins  to  initiate  intracellular  signalling  cascades . In 
humans,  there  are  21 GŬ subunits,  6 Gɓ subunits,  and  12 Gɔ 
subunits . 

    Heterotrimers  are  typically  divided  into  four  main  classes  

based  on the  primary  sequence  similarity  of  the  GGŬŬ  

subunitsubunit : Gs, Gi/o, Gq/11 and  G12/13 

HeterotrimericHeterotrimeric   GG  proteinprotein éé  aa  GTPaseGTPase   
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HeterotrimericHeterotrimeric   GG  proteinprotein éé  aa  GTPaseGTPase   

credits : http://science.sciencemag.org/content/296/5573/1636/tab -figures -data  
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GG  proteinprotein   coupledcoupled   toto   itsits   receptorreceptor ::  aa  

mechanicisticmechanicistic   scenarioscenario .. 

AgoAgo   

GGaa  

bb  

gg  

GDP 
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AgoAgo   

GGaa  

bb  

gg  

GDP 

Hypothesis 1  

CLASSICAL HYPOTHESIS  



      S.MORO ï CFTII Molecular Machineries  M 
M S 

Confidential and Property of ©2012 Molecular Modeling Section  

Dept. Pharmaceutical and Pharmacological Sciences ï University of Padova - Italy  

AgoAgo   

GGaa  

bb  

gg  

GDP 

Hypothesis 2  

BASAL ACTIVITY HYPOTHESIS  
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AgoAgo   

GGaa  

bb  

gg  

GDP 

GTP 

and the story continues ...  
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AgoAgo   

bb  

gg  
GTP 
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    Despite  the  size  and  diversity  of  the  GPCR superfamily,  
these  proteins  interact  with  a relatively  small  number  of  G 
proteins  to  initiate  intracellular  signalling  cascades . In 
humans,  there  are  21 GŬ subunits,  6 Gɓ subunits,  and  12 Gɔ 
subunits . 

    Heterotrimers  are  typically  divided  into  four  main  classes  
based  on the  primary  sequence  similarity  of  the  GGŬŬ  

subunitsubunit : Gs, Gi/o, Gq/11 and  G12/13 

HeterotrimericHeterotrimeric   GG  proteinprotein éé  aa  GTPaseGTPase   
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GGaass  

AC 

+ 

cAMP  

PKA Glucose  

adenylate  
cyclase  

protein kinase A  
(cAMP dependent)  

- 

choleric toxin  

HeterotrimericHeterotrimeric   GsGs  proteinprotein éé  withwith   aa  GGaass  

unit!unit!   

CNG: cyclic nucleotide -gated ion channel  

CNG 
Channel  

Ca+2 

Na+ 

CNG 

+ 
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AdenylateAdenylate   cyclasecyclase ::  anan  essenzialessenzial   enzyme!enzyme!   

cAMP  

a second messanger  

The nine  cloned  isoforms  of  mammalian  

adenylyl  cyclase  (AC)  share  a primary  

structure  consisting  of  two  

transmembrane  regions,  M1 and  M2, and  

two  cytoplasmic  regions,  C1 and  C2. 
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TheThe  crucialcrucial   rolerole   ofof   proteinprotein   kinasekinase   AA  (PKA)(PKA)   

Protein  kinase  A phosphorylates  and  thereby  changes  the  
activity  of  a number  of  important  molecules . Included  in its  
target  list  are :  

 

Enzymes : Phosphorylation  is widely  used  as a molecular  
switching  mechanism  to  activate  or  inactivate  enzyme  
activity . In many  cases,  the  enzyme  being  phosphorylated  
is itself  a kinase . The classical  example  is that  protein  
kinase  A phosphorylates  the  enzyme  phosphorylase  
kinase,  which,  in turn,  phosphorylates  glycogen  
phorphorylase,  which  leads  to  breakdown  of  glycogen  in 
liver  and  muscle .  

Ion  channels : Certain  calcium  channels  in cardiac  muscle  
cells  are  activated  by protein  kinase  A, ultimately  leading  to  
muscle  contraction . Another  medically  important  example  
is that  protein  kinase  A phosphorylates  and  thus  activates  a 
chloride  channel  important  in secretion  of  water  in the  
small  intestine .  

Chromosomal  proteins : Histone  H1 was  the  first  target  
identified  for  protein  kinase  A.  

Transcription  factors : CREB's  (cyclic  AMP response  
element  binding  proteins)  are  transcription  factors  that,  
when  phosphorylated  by  protein  kinase  A, become  
competent  to  bind  promoter  regions  of  responsive  genes  
and  stimulate  transcription .  
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SignalSignal   processingprocessing ::  amplificationamplification   

10 -10 M 
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10 -2 M 


