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PREDICTION OF ORAL BIOAVAILABILITY

*
VALUE

*
FEASIBILITY

*
AIM OF STUDY

USE OF MODEL IN DRUG DISCOVERY

*
MID-LATE STAGE


- As an input for decision making and priority setting concerning



* new compounds to be synthesized



* selection of existing compounds for detailed work-up

· selection of development candidates

*
EARLY STAGE

· High throughput screening hit selection

· Compound library filter (automated version)

DRUG HUMAN ORAL BIOAVAILABILITY
*
DEFINITION



- % dose reaching systemic circulation



   after oral administration

*
KEY DRUG PROPERTY



- cannot reliably predict from animal studies

CONTROLLING FACTORS

*
ABSORPTION


-
partition / distribution coefficient


-
pKa


-
solubility


-
hydrogen bonding properties


-
polar surface area


-
M W

*
METABOLISM


-
extrahepatic metabolism in intestinal mucosa


   
by bacterial and other microflora


- 
liver (first pass metabolism)

PHYSICOCHEMICAL PARAMETERS

*

Log P
pKa
*

Log D6.5

Log D7.4
*

Log D = Log D6.5 - Log D7.4
*

MW

H-Bond

Solubility
DRUG LIBRARY

*
COMPOUND SELECTION


- accessibility of human bioavailability & physicochemical data


- diversity with respect to structure, biological activity class, 


   & physicochemical characteristics

*
LIBRARY PROFILE


- 232 compounds (total)


   
  acids
  44



  bases
130



  neutral     58


- log P range: -1.65 to +7.29 
(mainly 0-5)


- MW range: 100 - 500 

(mainly 200-400)

*
EXCLUSIONS

- prodrugs where bioavailability values are for an active metabolite


- unstable compounds such as nitroglycerine


- compounds which are zwitterions at physiological pH


- quaternary ammonium compounds

- compounds known to be absorbed through an active transport mechanism

ORAL BIOAVAILABILITY DATA

*
SOURCE


- bioavailabilty data in healthy human subjects were 
  
  collected from various literature references

*
PRECISION


- significant variabilty, different conditions, many 
  
   authors


- more than one value or range - averaged value taken


- where dose dependent value at smallest dose used

*
CLASSIFICATION


-CLASS 1


< 20%

37 compounds


-CLASS 2


21-49%

54 compounds


-CLASS 3


50-79%

63 compounds


-CLASS 4


> 80%

78 compounds

DATA SET COMPOSITION



Class

Base


Neutral

Acid


Total



  1


  20


  17


  0


  37



  2


  46


    3


  5


  54



  3


  45


  11


  7


  63



  4


  19


  27


 32


  78

STRUCTURAL DESCRIPTORS CONTRIBUTING TO BIOVAILABILITY CLASSIFICATION


Hydrolysis: esters, lactones, -lactams, alkyl carbamates


Readily oxidized moieties: dihydropyridines, thiols


Phenolic OH (except di-ortho substituted)


Alcoholic OH (except tert -OH)


SO2NH2

p - Hydroxylation on an aromatic ring (activated, unhindered position)


ArCH2 (except di-ortho substituted)


Allylic oxidation (C-C=C)


ArNH2, ArNHNH2, ArCONHNH2 (as pKa values)


tert - Alicyclic amine with no other hetero atoms as part of the ring


RN-C-C-X (R=Me,Et; X=N, O: weighted by 2 for O=C-C-NR)


Ketones (corrected by 0.5 for -branching on aliphatic carbon and excluding 


ArCOAr and -hetero substituted types)


ArNO2 (except ortho substituted)


HO-C-C-NHAlk-tert,
HO-C-C-N<(cyclic)


Benzodiazepine (except triazolo or imidazolo fused types)

*
A minimum of 6 examples of descriptor required for inclusion

HYDROGEN BOND DESCRIPTORS

· Absence in model derived from drug library

· Incorporation in model

· Lipinsky ‘Rule of 5’ criteria

· H-bond donor descriptor (for 5 or more H-bond donors)


descriptor weight vector in model = 1.5

· H-bond acceptor descriptor (for 10 or more H-bond acceptors)

descriptor weight vector in model = 1.5


ORMUCS METHOD

*
Ordered MUlticategorical Classification Using Simplex Technique


Y. Takahashi, Y. Miyashita, H. Abe, S. Sasaki, Bunseki Kagaku 1984, Vol. 33, pp. E487-494

*
Based on pattern recognition technique using simplex optimization

*
Gives a single discriminant function for classification of the ordered 
multicategorical data

*
More stable than the Adaptive Least Square (ALS) Method 


(I. Moriguchi, K. Komatsu, Y. Matsushita, J. Med. Chem. 1980, 23, 20-26)


based on analysis of a test set


INITIAL CLASSIFICATION RESULTS

Eq

Log D6.5

Log D6.5 sq.
 Log D
Interc.
n
nmis

   Rs

(1)

0.207

-0.253

  -----

5.039      232
131(68)
  0.342

(2)

0.207

-0.145

  1.496
4.906      232
118(32)
  0.562

Boundaries:
2.0,  3.0,  4.0


CLASSIFICATION RESULTS BY CATEGORY


Class

No.

Correct

Mis(1)

Mis(2)

Mis(3) 


All


232

71%


26%


  3%


0%


4


  78

88%


12%


  0%


0%


3


  63

83%


16%


  1%


---


2


  54

52%


46%


  2%


---


1


  37

43%


41%


16%


0%





97% correctly classified + one class

LOG D6.5 VALUES FOR CLASS 1-4 COMPOUNDS


CLASS



LOG D6.5 RANGE



% COMPOUNDS


    4




-2.0 to +3.0





99


    3




-2.0 to +3.0





94


    2




-2.0 to +3.0





81


    1




-2.0 to +3.0





65







EFFECT OF LOG D6.5 AND MW ON BIOAVAILABILITY

Log D6.5


MW



BA Class

5.0




500+



2

5.0




600+



1

5.0




700+



1

6.5




500+



1

LOG D6.5, MW, SOLUBILITY VS. BIOAVAILABILITY

Log D6.5
MW

Sol.(Log D/S)

BA Cl.
4.0


<500

2.0




1

4.0


500+

1.0




2

4.0


500+

2.0




1

4.0


600+

1.0




1

4.9


500+

1.0




1

THE QSAR MODEL

Nr.


Descriptors



Weight Vector
CIa

nb

1
log D
(pH 6.5)





-0.027

0.05

232

2
(log D)2
(pH 6.5)




-0.046

0.25

232

3
 log D
(log D6.5 - log D7.4)


+0.370

0.23

232

4
Hydrolysis (esters, lactones etc.)


-1.074

0.37

  24

5
Readily oxidized moieties



-1.137

0.24

  11

6
Phenolic OH (excl. di-o-subst.)


-1.032

0.45

  22

7
Alcoholic OH (excl. t-OH)



-0.177

0.09

  59

8
SO2NH2






-1.014

0.17

    7

9
Aromatic p-hydroxylation



-0.599

0.26

  33

10
ArCH2- (excl. di-o-subst.)



-0.235

0.12

  47

11
Allylic oxidation (C-C=C)



-0.201

0.09

  12

12
ArNH2, ArNHNH2, ArCONHNH2 (pKa)

-0.034

0.04

  16

13
t-Alicyclic amine (no ring het.)


-0.340

0.10

  24

14
RN-C-C-X (R=Me, Et; X=N,O,Ar,C=C)

-0.410

0.15

  28

15
Ketones (corr. -0.5 for -branch)


-0.493

0.10

  15

16
ArNO2 (excl. o-subst.)




-0.148

0.03

    7

17
HO-C-C-NHAlk(t), HO-C-C-N<(cyc)

+0.210

0.055
 
 16

18
Benzodiazepine (excl. fused types.)

+0.231

0.05

   10

Constant






+4.358






n=232 (4cl), Boundaries 2.0, 3.0, 4.0. Recognition: nmis=67(8), Rs=0.851 (p<0.0001)
Leave-one-out: nmis=76(10), Rs=0.812 (p<0.0001)
aContribution index. bNumber of each descriptor used in the analysis.
TEST OF MODEL

The bioavailability of  40 additional drugs was predicted

1 budenoside(1)

2 carvedilol


3 mibefradil(1)

4 guanafacine


1 fenoterol


2 tizanidine(2)

3 mirtazapine

4 lamotrigine(1)


1 flumazenil(1)

2 rizatriptan(1)

3 olanzapine

4 lansoprazole


1 nivadipine

2 fluvastatin(1)

3 riluzole


4 levonorgestrel(1)

1 metaproterenol

2 terbinafin(1)

3 risperidone

4 milrinone

1 rimiterol


3 amiloride 

3 tramodol


4 nevirapine

1 terguride(2)

3 bromfenac

3 zidovudine

4 pirmenol

1 raloxifene

3 cerevastatin(1)

4 citalopram

4 pramipexole(1)


2 ajmaline


3 dexfenfluramine
4 dofetilide(1)

4 rilmenidine

2 atovaquone

3 methotrexate

4 etodolac(1)

4 terazocin(1)

· Drugs correctly classified 24/40 = 60%.  Correct to within one class 38/40 = 95%

* Classes 4 and 3:
64% correct (96% + one class)

* Classes 2 and 1:
53% correct (87% + one class)

EXAMPLE CALCULATION

[image: image1.wmf]O

O

OH
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CH
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Propafenone


Descriptors
log D6.5


0.15 x –0.027
=
-0.004

(log D6.5)2


(0.15)2 x –0.046
=
-0.001

 log D


-0.890 x 0.370
=
-0.329

OH



1 x -0.177

=
-0.177

p-hydroxylation

1 x –0.599

=
-0.599

ArCH2-R


1 x –0.235

=
-0.235

C=O



1 x –0.493

=
-0.493

constant





=
+4.358

Total score





+2.52

Predicted class 2 (20-49%)

Actual class 2

NEW COMPOUNDS ADDED TO DATA SET

Drug




BA Class


Parameter/Descriptor

atorvastatin




1




MW

itraconazole




2




MW, solubility

montelukast




3




MW

saquinavir





1




MW, solubility

telmisartan





2




MW

albendazole




1




solubility

atovaquone




1




solubility

griseofulvin





2




solubility

dothiepin





2




sulfur oxidation

metopimazine




1




sulfur oxidation

propiomazine




2




sulfur oxidation

zotepine





1




sulfur oxidation

irbesartan





3




tetrazole

losartan





2




tetrazole

azosemide





1




tetrazole

NEW DESCRIPTOR INVESTIGATIONS

· O-Dealkylation

· Pyridine N-oxidation

· Lipophilicity weighting of oxidative type descriptors

· Sequential descriptor weighting

UPDATED MODEL

· Physicochemical parameter improvements

· Data entry error corrections

· Very minor changes in original model

· 15 compounds added to data set to test inclusion of parameters/descriptors for :

· MW > 500 [500-599 = 1; 600-699 = 2; 700- = 3]

· Very low aqueous solubility

Dose (mg)/Solubility (mg/100ml) = D/S

Log D/S [0.40 trigger (corresponds to D/S = 250ml); capped at 2.00 (corresponds to D/S = 10 liters)

Omitted if log D6.5 > 5.0

· Sulfur oxidation (ArSR where R = Ar or alkyl)

· Tetrazole

THE QSAR MODEL (UPDATED)

Nr.


Descriptors



Weight Vector
CIa

nb

1
log D
(pH 6.5)





-0.033

0.06

247

2
(log D)2
(pH 6.5)




-0.039

0.26

247

3
 log D
(log D6.5 - log D7.4)


+0.41


0.26

247

4
MW
(over 500=1;600=2; 700=3)


-0.736

0.21

   7
 

5
Low solubility
(log D/S)



-0.846

0.29

  11

6
Hydrolysis (esters, lactones etc.)


-1.076

0.36

  25

7
Readily oxidized moieties



-0.784

0.16

  11

8
Phenolic OH (excl. di-o-subst.)


-1.099

0.47

  22

9
Alcoholic OH (excl. t-OH)



-0.218

0.10

  62

10
SO2NH2 






-1.264

0.22

    8

11
Tetrazole






-1.127

0.12

    3

12
Aromatic p-hydroxylation



-0.567

0.25

  37

13
ArCH2- (excl. di-o-subst.)



-0.250

0.13

  47

14
Allylic oxidation (C-C=C)



-0.277

0.11

  10

15
ArSR (sulfur oxidation)




-0.198

0.05

  17

16
ArNH2, ArNHNH2, ArCONHNH2 (pKa)

-0.067

0.08

  16

17
t-Alicyclic amine (no ring het.)


-0.225

0.07

  25

18
RN-C-C-X (R=Me, Et; X=N,O,Ar,C=C)

-0.419

0.16

  32

19
Ketones (corr. -0.5 for -branch)


-0.583

0.12

  17

20
ArNO2 (excl. o-subst.)




-0.765

0.13

    7

21
HO-C-C-NHAlk(t), HO-C-C-N<(cyc)

+0.384

0.09
 
  16

22
Benzodiazepine (excl. fused types.)

+0.790

0.16

  10

Constant






+4.389






n=247 (4cl), Boundaries 2.0, 3.0, 4.0. Recognition: nmis=68(8), Rs=0.848 (p<0.0001)

Correctly classified: 179/247 = 72%.  Correct within one class: 239/247 = 97%
aContribution index. bNumber of each descriptor used in the analysis.

TEST OF UPDATED MODEL

The bioavailability of 135 additional drugs was predicted





85 bases

22 acids

28 neutral

Class

Total

Correctly Classified

Correct to within one class 

All


135



67 (50%)
M 72%


125 (93%)  M 97%

4


  44



24 (55%)




  44 (100%)

3


  37



23 (62%)




  36 (97%)

2


  29



  9 (31%)




  28 (97%)

1


  25



11 (44%)




  19 (76%) 

Bioavailability


Correctly Classified
50-100%




71/81 (88%)

0-49%




31/54 (57%)

LIMITATIONS OF MODEL

*
Assumes passive absorption

*
Unrecognized/unvalidated functionality leading to rapid metabolism

*
Structural descriptors have an averaged weighting

FUTURE DIRECTIONS



*
Further refinement



*
Add more compounds

*
Particular focus on class 1 and 2 (bioavailability < 50%)

*
Identify and incorporate additional descriptors

SUMMARY

*
The feasibility of developing a QSAR model for drug human bioavailability


has been demonstrated

*
Model is based on readily understandable and recognized factors influencing 


bioavailability

*
Does not require the use of measured physical properties
*
The model performed well overall in predicting approx. drug bioavailability 
and is capable of further refinement with added data

*
Could play a useful role in the compound selection process in drug discovery
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