
Research	
  is	
  more	
  than	
  our	
  business,	
  we	
  love	
  it	
  !	
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OUR	
  EXPERTISE	
  

!   Founded	
  2000	
  
	
  

!   9	
  state-­‐of	
  the-­‐art	
  laboratories,	
  GLP-­‐cerCfied	
  since	
  2008	
  

!   Service	
  PorGolio:	
  ~100	
  assays	
  

!   99	
  %	
  projects	
  delivered,	
  95	
  %	
  repeat	
  business	
  

	
  
Areas	
  of	
  Exper,se:	
  
	
  

!   Drug	
  Discovery	
  Services	
  
!   Early	
  Drug	
  Development	
  Services	
  
!   BioanalyCcal	
  Services	
  -­‐	
  G(C)LP	
  and	
  non-­‐GLP	
  
!   BioanalyCcal	
  Method	
  Development 
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Why	
  	
  are	
  toxicity	
  biomarkers	
  important?	
  
	
  

	
  

	
  	
  

Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

1st	
  Goal	
  of	
  Drug	
   (Discovery)	
   research:	
   to	
   idenCfy	
  
new	
   compound	
   with	
   defined	
   pharmacological	
  
effect	
  	
  
	
  

-­‐>	
  discover	
  high	
  number	
  of	
  new	
  poten,al	
  drugs	
  
	
  

2nd	
   Goal	
   of	
   Drug	
   (Development)	
   research:	
   	
   to	
  
ensure	
   safety	
   and	
   efficacy	
   and	
   discard	
  
unpromising	
  compounds	
  
	
  

	
  -­‐>	
  reduce	
  the	
  number	
  of	
  compounds	
  
	
  

Iden,fying	
  problems	
  early	
  on	
  saves	
  money.	
  
	
  
Iden,fica,on	
   and	
   implementa,on	
   of	
   predic,ve	
  
early	
  biomarkers	
  is	
  necessary.	
  
	
  

	
  
	
  	
  Drug	
  Research/	
  
Drug	
  Discovery	
  

	
  
	
  	
  Drug	
  Development	
  
Preclinical	
  Research	
  

	
  
	
  	
  Clinical	
  Trials	
  

>	
  250	
  
compounds	
  

10.000	
  
compounds	
  

>	
  5	
  
compounds	
  



Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Why	
  	
  is	
  finding	
  new	
  biomarkers	
  for	
  liver	
  toxicity	
  important?	
  
	
  

	
  

	
  	
  

(1)  Hepatotoxicity	
   is	
   sCll	
   a	
   major	
   reason	
   of	
   safety-­‐related	
   drug	
   withdrawals.	
  
From	
   1975-­‐2007,	
   150	
   drug	
   candidates	
   had	
   to	
   be	
  withdrawn	
   –	
   about	
   30	
  %	
  
due	
  to	
  hepatoxicity	
  issues	
  (Hornberg	
  et	
  al.,	
  2014).	
  	
  

(2)  Serum	
  enzymaCc	
  acCvity	
  of	
  alanine	
  aminotransferase	
  (ALT)	
  is	
  considered	
  the	
  
gold	
  standard	
  clinical	
   chemistry	
  biomarker	
  of	
   liver	
   injury	
   in	
  both	
  preclinical	
  
species	
  and	
  humans	
  (Ozer	
  et	
  al.,	
  2010).	
  BUT:	
   increases	
   in	
  ALT	
  acCvity	
  don’t	
  
always	
  correlate	
  with	
  histopathology	
  findings	
  (Ennulat	
  et	
  al.,	
  2010).	
  	
  

	
  

-­‐>	
  There	
  is	
  a	
  clear	
  need	
  for	
  more	
  predic,ve	
  biomarkers.	
  
	
  

Recent	
  publicaCons	
  indicated	
  that	
  changes	
  in	
  BA	
  profiles	
  were	
  characterisCc	
  for	
  
toxic	
  response	
  in	
  the	
  liver	
  (Lin	
  et	
  al.,	
  2009;	
  Yamazaki	
  et	
  al.,	
  2013).	
  
	
  

-­‐>	
  Bile	
  acids	
  (BAs)	
  are	
  poten,al	
  biomarkers	
  for	
  liver	
  toxicity.	
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Bile	
  Acid	
   Cytotoxity/	
  
Apoptosis	
  

Bile	
  Duct	
  
Hyperplasia	
  

Inflamma,on	
   Cholestase	
  

Human	
   Rat	
   Human	
   Rat	
   Human	
  

DCA	
   +	
   +	
   -­‐	
  

TLCA	
   +	
   +	
   -­‐	
  

GCDCA	
   +	
   +	
   +	
  

UDCA	
   -­‐	
   -­‐	
   -­‐	
  

TUDCA	
   -­‐	
   -­‐	
   +	
  

CA	
  

TCA	
   +	
   +	
   +	
   +	
  

GCA	
  	
   +	
   +	
   +	
  

α	
  +	
  β	
  MCA	
   +	
  

TMC	
   +	
  

5	
  Data	
  taken	
  from:	
  Luo	
  et	
  al,	
  2014,	
  Woolbright	
  et	
  al.,	
  2012,	
  García-­‐Cañaveras	
  et	
  al.,	
  2012	
  	
  

Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Published	
  data:	
   	
  Altered	
  levels	
  of	
  bile	
  acids	
  are	
  linked	
  to	
  specific	
  phenotypes.	
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Group Test item Formulation Dose Volume Route n 

1 Acetaminophen 0.5% MC 1000 mg/kg 5 ml/kg po 6 
2 Diclofenac 0.5% MC 15 mg/kg 5 ml/kg po 6 
3 Ethinylestradiol olive oil 5 mg/kg 5 ml/kg sc 6 
4 Vehicle 0.5% MC n.a. 5 ml/kg po 6 

Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Objec,ve:	
   	
   Examine	
   the	
   effect	
   of	
   drug-­‐induced	
   liver	
   injury	
   on	
   bile	
   acid	
  	
  	
  
	
  profiles	
  in	
  rats.	
  

	
  

	
  Animals:	
  male	
  Sprague	
  Dawley	
  rats	
  	
  (~300	
  g	
  body	
  weight)	
  
	
  

Surgery:	
  catheterisaCon	
  of	
  V.	
  jugularis/3	
  days	
  of	
  recovery	
  from	
  surgery	
  
	
  

Set-­‐up: 	
  test	
  compound	
  administraCon	
  at	
  t0	
  
	
  blood	
  sampling	
  and	
  preparaCon	
  of	
  Li-­‐heparin	
  plasma:	
  
	
  pre-­‐dose	
  and	
  0.25,	
  0.5,	
  1,	
  2,	
  4,	
  8,	
  24	
  h	
  post	
  dose	
  
	
  sampling	
  of	
  liver	
  Cssue	
  at	
  necropsy,	
  24	
  h	
  post	
  dose	
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RT: 0.00 - 8.00 SM: 3G
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RT: 2.97
MA: 30645811

RT: 3.17
MA: 26918300

RT: 3.87
MA: 15692956

RT: 3.92
MA: 60393509

RT: 5.29
MA: 46420713

RT: 2.68
MA: 42858102

RT: 2.81
MA: 37221491

RT: 3.31
MA: 13363454

NL: 8.99E6
m/z= 407.2742-407.2842 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 1.61E7
m/z= 391.2793-391.2893 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 1.61E7
m/z= 391.2793-391.2893 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 1.61E7
m/z= 391.2793-391.2893 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 8.62E6
m/z= 375.2844-375.2944 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 1.38E7
m/z= 464.2957-464.3057 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 1.23E7
m/z= 514.2783-514.2883 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

NL: 2.53E6
m/z= 294.0033-294.0133 F: FTMS - p 
ESI Full ms [280.00-600.00]  MS 
2013ISP005_Bile-acids_HuPK_158

CA 

UDCA 

CDCA 

DCA 

LCA 

Chromatogram	
   resulCng	
   from	
  
the	
   simultaneous	
   bile	
   acid	
  	
  
analysis.	
  

Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Challenge:	
   	
   Develop	
   a	
   qualified	
   method	
   for	
   HPLC-­‐MS	
   analysis	
   and	
  	
  	
  
	
  qualifica,on	
  of	
  14	
  bile	
  acids	
  in	
  one	
  sample	
  (casse`e	
  analysis)	
  

	
  

	
  QuanCtaCve	
   LC-­‐HRMS	
   analysis	
   was	
   performed	
   applying	
   simultaneous	
   dual	
  
polarity	
   measurement	
   in	
   a	
   single	
   run	
   (Q-­‐ExacCve	
   mass	
   spectrometer	
   with	
  
Orbitrap	
  accurate	
  mass	
  technology).	
  Lower	
  limits	
  of	
  detecCon	
  were	
  found	
  in	
  the	
  
range	
   of	
   0.2	
   ng/ml	
   to	
   0.4	
   ng/ml	
   (UDCA,	
   CDCA,	
   DCA,	
   TUDCA,	
   TDCA,	
   GUDCA,	
  
GCDCA,	
  GDCA).*	
  Accuracy	
  and	
  precision	
  were	
  within	
   the	
  acceptance	
   criteria	
  of	
  
the	
  FDA/	
  EMA	
  validaCon	
  guidelines	
  for	
  quanCtaCve	
  bioanalyCcal	
  methods.	
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Changes	
   in	
   bile	
   acid	
   plasma	
   levels	
   were	
   observed	
   during	
   24	
   h.	
   At	
   24	
   hours	
  
differences	
  between	
  animals	
  treated	
  with	
  vehicle	
  only	
  and	
  compounds	
  where	
  most	
  
prominent.	
  

Results:	
  	
   	
  Changes	
  of	
  bile	
  acids	
  over	
  a	
  period	
  of	
  24	
  hours	
  
	
  

	
  

Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
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Unconjugated bile acids in plasma
(24 h post dose)
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Conjugated bile acids in plasma
(24 h post dose)
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Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Results:	
  	
   	
  Means	
  ±	
  SD	
  of	
  plasma	
  bile	
  acid	
  concentra,ons	
  24	
  h	
  post	
  dose	
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Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Results:	
  	
   	
  Fold	
  change	
  of	
  mean	
  plasma	
  bile	
  acid	
  concentra,ons	
  24	
  h	
  post	
  
	
   	
  dose	
  (fold	
  change	
  vs	
  vehicle	
  control)	
  

	
  
	
  
	
  

	
  

a-­‐/b-­‐	
  MCA	
  –	
  inflammaCon	
  marker	
  
GCDCA	
  –	
  cytotoxicity	
  /cholestase	
  
marker	
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Bile	
  Acids:	
  Early	
  Biomarkers	
  of	
  Liver	
  Toxicity	
  

Conclusions:	
  
	
  

	
  !   SensiCve	
  mass	
  spectrometry	
  is	
  able	
  to	
  quanCfy	
  bile	
  acids.	
  

!   Aqer	
  applicaCon	
  of	
  compounds	
  known	
  for	
  inflicCng	
  liver	
  injury	
  increase	
  of	
  bile	
  
acids	
  linked	
  to	
  liver	
  toxicity	
  in	
  the	
  liver	
  could	
  be	
  clearly	
  observed.	
  

!   Levels	
  of	
  bile	
  acids	
  change	
  fast:	
  within	
  24	
  h	
  –	
  classical	
  in	
  vivo	
  toxicity	
  studies	
  
take	
  2	
  to	
  6	
  weeks.	
  

!   Different	
  liver	
  toxic	
  compounds	
  result	
  in	
  different	
  alteraCons	
  in	
  levels	
  of	
  bile	
  
acids.	
  	
  

Analysing	
   changes	
   in	
   bile	
   acids	
   at	
   24	
   hours	
   acer	
   compound	
  
applica,on	
  allows	
  for	
  an	
  early	
  assessment	
  of	
  liver	
  toxic	
  tendencies	
  
of	
  compounds.	
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Contact	
  informa,on:	
  
	
  
Dr.	
  Stephanie	
  Urschel	
  
Head	
  of	
  MarkeCng	
  &	
  Sales	
  Manager	
  
Urschel@pharmacelsus.de	
  
	
  
	
  
Pharmacelsus	
  GmbH	
  
Science	
  Park	
  2	
  
66123	
  Saarbrücken	
  
Germany	
  
	
  


