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entitled: 
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•  Summarize	  the	  basic	  pharmacology	  of	  meFormin	  –	  
parHcularly	  with	  reference	  to	  its	  use	  in	  the	  
treatment	  of	  T2DM	  and	  its	  vasculoprotecHve	  
effects.	  

•  Evaluate	  the	  evidence	  of	  putaHve	  anH-‐cancer	  
effects	  of	  meFormin.	  

•  IdenHfy	  other	  potenHal	  indicaHons	  for	  meFormin.	  

ALSO:	  
Some	  Shakespeare	  
	  

A	  liRle	  bit	  of	  history.	  
	  

A	  liRle	  bit	  of	  German	  Renaissance	  art.	  
	  

A	  liRle	  bit	  of	  controversy	  –	  why	  concentraHon	  maRers.	  
	  

And	  something	  for	  fans	  of	  Star	  Trek	  

 

Lecture	  ObjecHves	  



PERSONALISED	  /	  
PRECISION	  
MEDICINE	  TARGETED	  
THERAPY	  

METFORMIN	  
–	  a	  Drug	  for	  
All	  Reasons?	  



IF	  The	  Bard	  Of	  Avon	  was	  giving	  this	  
talk	  today	  he	  might	  well	  re-‐phrase	  a	  
well	  known	  speech	  from	  Julius	  
Caesar,	  Act	  3	  Scene	  2	  and	  say:	  	  	  	  

“I COME TO PRAISE 
METFORMIN  

AND NOT TO BURY IT”  
BUT	  -‐-‐-‐-‐-‐-‐	  



If Mary Poppins hadn't supplied the spoonful of 
sugar, maybe her charges wouldn't have 

needed metformin in the first place!	  



50+	  years	  ago:	  
	  Pharmacotherapy	  for	  diabetes	  1966	  

•  INSULINS	  –	  animal	  origins	  
(beef	  and	  or	  pork).	  

•  ORAL	  HYPOGLYCAEMICS:	  
a.   Sulfonylureas:	  tolbutamide	  	  
	  	  	  	  	  	  &	  chlorpropamide	  

a.   Biguanides:	  phenformin	  –	  
FDA	  withdraws	  late	  1978	  
(meLormin	  used	  in	  UK)	  

Source:	  Third	  edi<on	  “The	  Pharmacological	  Basis	  of	  Therapeu<cs”	  –	  Goodman	  
&	  Gilman,	  1966.	  



Class	   Example	   Mechanism	   IO	  acHon	   Advantages	   Disadvantages	   $	  
Biguanide	   meFormin	   Ac<vates	  

AMPK;	  	  
microbiome?	  

	  Hepa<c	  
glucose	  
produc<on	  

Experience;	  	  
No	  hypoglycaemia;	  
	  no	  weight	  gain;	  	  	  CVD	  

GI	  SE;	  	  lac<c	  acidosis	  (v.rare);	  
VitB12	  deficiency;	  CIs:	  CKD	  

$	  

Sulfonylureas	   glyberide	   Closes	  KATP	   	  	  insulin	  
secre<on	  

Extensive	  experience	   Hypoglycaemia;	  weight	  
gain	  =3-‐4	  Kg;	  	  
CV	  events?	  

$	  

MegliHnidines	  
“prandins”	  

repaglinide	   Closes	  KATP	  
	  

	  insulin	  
secre<on	  

	  Postprandial	  
excursions	  

Hypoglycaemia;	  weight	  
gain;	  	  
CV	  events?	  

$$	  

Thiazolidinediones	  
(Glitazones)	  

pioglitazone	   	  PPARγ	  
ac<va<on	  

	  insulin	  
sensi<vity	  

No	  hypoglycaemia;	  
Good	  lipid	  profile	  

Weight	  gain	  4-‐5	  Kg;	  
edema/CHF;	  bone	  
fractures;	  bladder	  
cancer?	  

$$	  

α-‐glucosidase	  
inhibitors	  

acarbose	   Inhibits	  
intes<nal	  
α-‐glucosidase	  	  

Slows	  
intesHnal	  
absorpHon	  

No	  hypoglycaemia;	  
Postprandial	  
excursions	  

Only	  modest	  efficacy;	  GI	  
issues;	  compliance?	  

SS	  

GLP-‐1	  
analogues	  

ExenaHde	   GLP-‐1	  
receptor	  
agonists	  

Insulin	  
secreHon/
saHety;	  
glucagon	  
secreHon	  

No	  hypoglycaemia;	  
weight	  reduc<on;	  
improved	  β-‐cell	  
func<on;	  CV	  benefits?	  

GI	  SEs;	  injec<ons	  acute	  
pancrea<<s	  -‐	  
controversial?	  	  

SSS	  

DPP-‐4	  
inhibitors	  

sitaglipHn	   Enhances	  
GLP-‐1	  

As	  for	  
GLP-‐1	  

Oral;	  No	  
hypoglycaemia	  and	  
well	  tolerated	  

Modest	  efficacy	  HbA1c;	  
angioedema	  
Acute	  pancrea<<s?	  

$$$	  

SGLT-‐2	  
inhibitors	  

FLOZINS	  
dapaglifozin	  

	  	  	  glucose	   kidney	   Weight	  reducHon;	  	  
no	  hypoglycaemia?	  
CV	  PROTECTION?	  

NEW;	  dehydraHon;	  
UTI.	  
Ketoacidosis?	  

SSS	  



HISTORY	




Diabetes	  Care.	  12:	  553-‐562.	  1989.	  

Guanidine	  -‐	  -‐	  galegine	  	  

Synthalin	  A	  &	  B,	  polyethylene	  
biguanides	  1926-‐1940,	  
liver	  &	  kidney	  problems	  

Pentamidine	  

Trypanosomiasis	  &	  
Chagas	  Disease	  



Goat’s	  Rue	  /	  
French	  Lilac	  

Galega	  officinalis,	  French	  lilac,	  which	  in	  Germany	  was	  called	  “plague	  herb”,	  contain	  
numerous	  guanidine	  derivaHves,	  including	  galegine	  which	  cause	  hypoglycaemia.	  
Goat's	  rue	  is	  widely	  used	  internaHonally	  as	  a	  galactogogue.	  
	  
Galegine	  was,	  unsuccessfully,	  evaluated	  as	  an	  anH-‐hyperglycaemic	  drug	  in	  the	  
1920/30s.	  SyntheHc	  biguanides	  phenformin	  &	  meFormin	  were	  evaluated	  in	  1950s	  

	  	  	  	  	  	  	  	  	  	  	  	  	  Galegine	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  phenformin	  (phen-‐ethyl;	  Ciba	  Geigy)	  	  	  	  	  	  	  	  meFormin	  (dimethyl)	  



MeFormin:	  10	  out	  of	  10	  

1.   Introduced	  in	  UK	  in	  1958	  	  with	  ~	  60	  years	  of	  clinical	  knowledge.	  
2.   SHll	  the	  “FIRST	  CHOICE”	  drug	  for	  the	  treatment	  of	  type	  2	  diabetes.	  
	  

3.   EsHmated	  150	  million	  paHents	  currently	  use	  meFormin	  worldwide.	  
	  

4.   Cardiovascular	  (microvascular)	  protecHve	  (UKPDS	  data).	  
	  

5.   Low	  risk	  of	  hypoglycaemia.	  
	  

6.   No	  weight	  gain;	  modest	  weight	  loss.	  
	  

7.   Orally	  effecHve,	  safe	  and	  relaHvely	  free	  of	  side	  effects.	  
	  

8.   Generic	  and	  therefore	  comparaHvely	  inexpensive.	  
	  
	  

9.   Meta	  analysis	  suggests	  protecHve	  role	  in	  cancer.	  
	  

10.   Studies	  as	  an	  anH-‐ageing	  drug?	  



Want	  it	  or	  not	  -‐	  meFormin	  in	  the	  drinking	  water?	  

EsHmated	  urinary	  excreHon	  ~250,000	  Kg/day	  	  



DIABETES	  
OBESITY	  

>3.5	  million	  

CARDIOVASCULAR	  
DISEASE	  

>17	  million	  

CANCER	  
>8	  million	  

AGEING	  
>8%	  

populaHon	  
over	  65	  	  

MILES	  –	  MeFormin	  In	  
Longevity	  Study	  
	  
TAME	  –	  TargeHng	  
Ageing	  with	  MeFormin	  
	  

MeFormin	  –	  A	  drug	  for	  ALL	  reasons?	  
	  

First	  clinical	  use	  in	  France	  &	  United	  Kingdom	  in	  1957/8,	  but	  not	  unHl	  1995	  
in	  USA	  and	  now	  >150	  million	  people	  prescripHons/year.	  

	  





The	  Lancet	  September	  12	  1998.	  

RISK	  REDUCTION	  WITH	  METFORMIN:	  Based	  on	  data	  from	  a	  
randomised	  control	  trial	  over	  a	  period	  of	  10.7	  years	  of	  1704	  overweight	  
newly	  diagnosed	  T2DM	  pa<ents.	  Diet	  vs.	  meLormin	  vs.	  intensive	  blood-‐
glucose	  control	  with	  chlorpropamide,	  glibenclamide	  or	  insulin.	  	  The	  
meLormin	  (alone)	  treated	  group	  showed	  decreased	  diabetes-‐related	  
endpoints,	  diabetes-‐related	  death	  and	  all	  cause	  mortality.	  
	  
CONCLUSION:	  On	  balance,	  treatment	  (of	  T2DM)	  with	  meLormin	  appears	  
to	  be	  advantageous	  as	  a	  first-‐line	  pharmacological	  therapy	  in	  diet-‐treated	  
overweight	  pa<ents	  with	  T2DM.	  



From	  Professor	  Lebovitz	  	  
2014	  EASD	  Virtual	  MeeHng:	  	  

hop://www.easdvirtualmee<ng.org/resources/18622	  



Endothelial	  –
Vasculo-‐	  
ProtecHve	  

	  



“You are only as old as your 
endothelium”- Rudolf Altschul, 1954 



The	  Endothelium	  –	  structure/funcHon.	  	  
~2.0	  Kg	  endothelial	  cells	  in	  70Kg	  person	  

From Boger Cardiovasc Res 59: 824, 2003 

 
Endothelial dysfunction - Defined as an impaired vascular  
relaxation to endothelium-dependent vasodilators such as  
acetylcholine & bradykinin or an impaired flow-mediated  

vasodilatation response. It is an early (earliest) indicator of  
arterio- and atherosclerosis. 



Q.	  Can	  a	  short	  exposure	  of	  endothelial	  
cells	  to	  meFormin	  improve	  endothelial	  

funcHon	  and	  enhance	  eNOS-‐P?	  

Protocol:	  	  
Mouse	  ECs	  cultured	  in	  either	  normal	  or	  high	  
glucose	  and	  effects	  of	  50μM	  meFormin	  on	  
ser1177eNOS	  and	  sirtuin	  1	  (SIRT1)	  determined.	  
	  

Answer:	  	  

Yes.	  
Ghosh,	  Triggle	  &	  Ding	  et	  al.	  Biochemical	  Pharmacology	  2015.	  



Biochemical	  Pharmacology	  2015	  

50μM	  meFormin	  not	  only	  improves	  endothelial	  funcHon	  in	  blood	  vessels	  from	  
diabeHc	  mice	  but	  this	  can	  also	  be	  correlated	  with	  protecHon	  of	  eNOS	  funcHon.	  	  



50μM	  meFormin	  not	  only	  improves	  endothelial	  funcHon	  
in	  blood	  vessels	  from	  diabeHc	  mice	  but	  this	  can	  also	  be	  

correlated	  with	  protecHon	  of	  eNOS	  funcHon.	  	  



	  
SIRTUINS	  are	  the	  “Seven	  Samurai”	  in	  the	  

regulaHon	  of	  metabolism	  &	  ageing	  
	  
	  

The	  sirtuins	  1-‐7	  are	  histone	  deacetylases	  (HDACs)	  that	  
require	  NAD+	  as	  a	  co-‐factor.	  They	  were	  named	  arer	  their	  
homology	  to	  the	  Saccharomyces	  cerevisiae	  gene	  silent	  

informa<on	  regulator	  2	  (Sir2).	  In	  yeast	  and	  the	  nematode,	  
C.	  elegans,	  Sir2	  mediates	  the	  effects	  of	  calorie	  restric<on	  to	  

extend	  life	  span.	  	  
	  



The Fountain of Youth by 
Lucas Cranach – Berlin National 

Museum	  

1546 - FIRST DEMONSTRATION OF 
EFFECTIVENESS OF GENE THERAPY 

WITH SIRT1 



Inspired	  by	  Lucas	  Cranach’s	  art	  we	  demonstrated	  that	  
meFormin	  prevents	  high	  glucose-‐induced	  endothelial	  
cell	  senescence	  via	  a	  SIRT1-‐dependent	  mechanism.	  

SUMMARY:	  Pretreatment	  of	  mouse	  microvascular	  endothelial	  cells	  maintained	  in	  high	  
glucose	  [HG]	  with	  50μM	  meLormin	  prevents	  HG-‐induced	  endothelial	  cell	  senescence.	  
siRNA-‐knockdown	  of	  the	  NAD-‐dependent	  deacetylase	  –	  sirtuin-‐1	  and	  meLormin	  promotes	  
deacetyla<on	  of	  eNOS	  and	  pro-‐angiogenic	  ac<vity.	  
NOTE:	  Sirtuin-‐1	  has	  been	  previously	  shown	  to	  be	  downregulated	  in	  cells	  that	  have	  high	  
insulin	  resistance	  and	  inducing	  sirtuin-‐1	  expression	  increases	  insulin	  sensi<vity.	  



MeFormin	  protects	  endothelial	  cells	  against	  high	  glucose-‐induced	  senescence	  



In absence of SIRT1 metformin no longer  
reduces effects of HG on β-galactosidase activity  

MeFormin	  is	  no	  longer	  
protecHve	  when	  SIRT1	  

expression	  is	  low	  



Knockdown of SIRT1 mimics effects of HG 
on protein expression/acetylation 

In absence of SIRT1 metformin now has no “rescue effect” 
on protein expression/acetylation.   

No	  effect	  of	  
meFormin	  when	  
SIRT1	  reduced	  



REMODELLING 

Angiogenesis 
 miR-126,miR221/222 
 miR-17-92,miR-23-24 
 miR-16, miR-424  
 miR-130, miR-132 
 miR-101, miR-200b Inflammation 

 miR-126, miR-21, miR-181b  
 miR-10a, miR-31, miR-17  
 miR155, miR-150, miR-17-92 
 miR-424, miR-17-5b, miR-20a  
 miR-106a, miR-146	  

Diabetic 
Nephropathy 

 miR-192, miR-377, 
 miR-93, miR-29c,  
 miR-21 and  miR-25 

EC senescence 
  miR-34a, miR-217  
  miR-200, miR-146a 

Diabetic Heart /ECs 
 miR-320, miR-221/222 
 miR-133, miR-1 
 miR-206, miR-125b, miR-503 

Diabetic Retinopathy 
  miR-146, miR-155 
  miR-132, miR-21 
  miR-34, miR-220b, miR-29 

VASCULAR 	  

miR-34a – tumour 
suppressor & via 
binding within 3’ UTR 
of SIRT1 reduces 
sirtuin 1 expression 

microRNAs – small non-coding molecules with 
RNA-silencing actions: Role in regulation of 
vascular function: 

miR221	  &	  222	  



miR34a increased in HG but reduced by 
metformin 

★ Mean ± S.E.M of miR-34a expression normalized to U6 small nuclear RNA as 
an endogenous control  

★	  

Arunachalam,	  et	  al	  &	  Triggle	  &	  Ding:	  J	  Pharmacol	  exp	  Ther:	  2016.	  	  



SO	  HOW	  DOES	  
METFORMIN	  MEDIATE	  

ITS	  EFFECTS?	  



Kidney	  

Liver	  

GI	  

OCT1	  

OCT3	  

Distribution of SLC transporters  
for metformin 

PMAT/
OCT1&3	  

OCT1	  

apical 
membrane 

basement 
membrane 

ORAL 
METFORMIN 

MATE1	  

Expression of 
SLCs in 

cardiovascular 
system ? 

Extrusion from 
liver 

MATE1/2	  

Unchanged metformin is 
eliminated through urine 

OCT2	  

OCT1	  

meLormin	  

Via bloodstream unchanged 
metformin is distributed 
throughout body  

basement 
membrane 

apical 
membrane 



MeFormin	  inhibits	  mitochondrial	  
Complex	  1?	  

THE	  ZOMBIE	  LITERATURE	  



MeFormin:	  Reduces	  hyperglycaemia;	  
protects	  endothelium;	  reduces	  cell	  growth.	  

Adapted	  from:	  Triggle	  &	  Ding:	  Acta	  Physiologica	  2017	  

?	  

GLUT4:	  Striated	  
muscle	  &	  
adipose	  Hssue	  



MY	  GUT	  FEELING	  IS?	  
	  

1)  “Novel	  Gut-‐Based	  Pharmacology	  of	  Me$ormin	  in	  Pa<ents	  
with	  Type	  2	  Diabetes	  Mellitus”	  Antonella	  Napolitano,	  GSK,	  PLOS	  ONE	  
July	  2014	  |	  Volume	  9	  |	  Issue	  7	  |	  e100778	  	  

MeFormin	  affects	  gut	  microbiome	  and	  enhances	  entero-‐hepaHc	  
recirculaHon	  of	  bile	  acids,	  modulaHon	  of	  gut	  microbiota	  and	  changes	  
in	  gut	  hormones,	  especially	  GLP-‐1.	  
	  
2)	  “The	  Primary	  Glucose-‐Lowering	  Effect	  of	  Me$ormin	  Resides	  
in	  the	  Gut,	  Not	  the	  Circula<on:	  Results	  From	  Short-‐term	  
Pharmacokine<c	  and	  12-‐Week	  Dose-‐Ranging	  Studies”.	  John	  B.	  Busse.	  
Diabetes	  Care	  2016;39:198–205.	  

In	  1984	  Bonora	  et	  al	  reported	  that	  IV	  administered	  meLormin	  
has	  no	  effect	  on	  plasma	  glucose	  in	  non-‐diabe<c	  pa<ents.	  

NOTE:	  the	  	  meFormin	  concentraHon	  in	  the	  jejunum	  peaks	  at	  500	  
μg/g,	  30–300	  Hmes	  greater	  than	  plasma	  concentraHons.	  





Yes,	  concentraHon	  does	  maRer!	  

2015	  







“Ye	  cannae	  change	  the	  Laws	  of	  
Pharmacokine<cs”	  

THE	  LAWS	  OF	  
PHARMACOKINETICS	  



PEAK	  concentraHon	  is	  
in	  ng/ml	  peak	  ~	  16μM	  	  



Metformin & Cancer: Is it a 
Paracelsus effect, or 

selective toxicity? 

From Baldrick & Renehan: European J Cancer 2014; 50: 2119-2125. 

“The	  dose	  makes	  the	  poison”.	  



CONCENTRATIONS	  MATTER!	  In	  this	  study	  the	  
invesHgators	  used	  meFormin	  concentraHons	  8.0mM,	  
25mM,	  50mM	  &	  150mM.	  	  	  

IMPACT	  FACTOR	  >28	  



To	  achieve	  a	  
plasma	  

concentraHon	  of	  
100mM	  in	  man	  you	  
would	  need	  to	  give	  
an	  oral	  dose	  of	  

>5Kg!	  

ConcentraHon	  really	  does	  maRer!	  



Does	  meFormin	  protect	  against	  cancer?	  

HOWEVER,	  rather	  than	  a	  direct	  anH-‐proliferaHve	  effect:	  
1/	  Suppression	  of	  gluconeogenesis	  (G-‐6-‐P,	  PEPCK)	  and	  hyperinsulinemia	  
would	  reduce	  tumour	  growth	  –	  parHcularly	  when	  insulin	  sensiHve.	  
2/	  Tumour	  cells	  highly	  dependent	  on	  glycolysis	  (Warburg	  effect)	  that	  
would	  be	  inhibited	  by	  meFormin	  (HKI	  &	  HKII).	  



This	  2016	  review	  by	  Coyle	  et	  al	  concludes	  that	  is	  there	  a	  parHcular	  
benefit	  for	  meFormin	  in	  colorectal	  and	  prostate	  cancer.	  	  

ACTIVE	  TRIALS:	  	  
1.	  The	  MeFormin	  AcHve	  Surveillance	  Trial	  –	  a	  Phase	  III	  trial	  of	  meLormin	  vs.	  
placebo	  given	  before	  primary	  therapy	  in	  assessing	  <me	  to	  progression	  in	  low-‐risk	  
prostate	  cancer.	  
2.	  The	  STAMPEDE	  Trial	  –	  a	  randomised	  phase	  III	  trial	  of	  meLormin	  vs.	  placebo.	  
Aims	  to	  evaluate	  whether	  the	  addi<on	  of	  meLormin	  improves	  survival	  in	  the	  
treatment	  of	  hormonenaïve,	  high-‐risk,	  localised	  and	  metastaHc	  prostate	  cancer.	  
3.	  In	  colorectal	  cancer,	  a	  phase	  III	  trial	  of	  meLormin	  versus	  standard	  care	  
assessing	  recurrence	  and	  survival	  in	  stage	  III	  disease	  is	  now	  in	  set-‐up	  phase	  in	  
South	  Korea.	  
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Autophagy, a catabolic process involving protein/organelle degradation and 
autophagosomes / lysosomes, serves a dual role in cancer: 
 

1. a tumour suppressor mechanism that prevents the accumulation of 
damaged proteins and organelles. 
 

2. a mechanism of cell survival that promotes the growth of established 
tumors - tumour cells activate autophagy in response to cellular stress and/or 
increased metabolic demands and enable cell survival. 
 

3. Metformin has been reported to both promote and inhibit autophagy via 
AMPK-dependent and –independent mechanisms.  



Glucose	  starvaHon	  iniHates	  ER	  Stress	  &	  acHvates	  the	  
Akt/mTOR	  pathway,	  BUT	  inhibited	  by	  meFormin	  

NOTE:	  significant	  increase	  in	  the	  mTOR	  inhibitory	  Raptor	  phosphorylaHon	  (pRap;	  S792)	  



Glucose	  starvaHon	  &	  meFormin	  is	  	  
anH-‐angiogenic	  

2mM	  
meFormin	  
decreases	  
SIRT1	  

2mM	  
meFormin	  
enhances	  
TSP1	  

Samuel	  &	  
Triggle	  
unpublished	  



sirtuin	  1	  

HYPERGLYCAEMIA	  

	  	  	  	  <	  100	  μM	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  METFORMIN	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  >500	  μM	  

AMPK	  
αβγ	  	  

émiR34a	  

LKB	  1	   Ac	  

eNOS	  (Ser1177)	  

miR34a	  

ConcentraHon-‐Dependent	  Effects	  of	  MeFormin	  

<	  100	  μM	  meFormin	  is	  
“endothelial	  	  protecHve”	  –	  
protects	  against	  HG-‐induced	  
senescence,	  enhances	  eNOS	  
acHvity,	  	  enhances	  angiogenesis:	  
AMPK-‐dependent?	  

>500	  μM	  meFormin	  has	  anH-‐
angiogenic	  acHons,	  inhibits	  
autophagy,	  reduces	  cell	  
survival:	  AMPK	  independent?	  



Conclusions	  
•  MulHple	  targets	  for	  meFormin,	  but	  note	  concentraHon	  

dependence.	  
	  

•  TherapeuHc	  levels	  modulate	  eNOS	  and	  SIRT1	  funcHon	  
in	  endothelial	  cells	  =	  endothelial	  /	  vascular	  protecHve.	  

•  Effects	  of	  meFormin	  on	  endothelium	  linked	  to	  SIRT1/
microRNA34a	  &	  AMPK	  (?)	  

•  “Paracelsus	  levels”	  of	  meFormin	  have	  anH-‐angiogenic	  
acHon	  and	  promote	  apoptosis	  (data	  not	  shown)	  –	  and	  
might	  explain	  anH-‐cancer	  effects	  of	  meFormin.	  BUT	  can	  
such	  high	  levels	  be	  reached	  in	  cancer	  cells	  with	  
therapeuHc	  doses	  (as	  for	  diabetes)	  of	  meFormin?	  
Possibly	  IF	  there	  is	  an	  imbalance	  in	  the	  expression	  of	  
inward	  versus	  extrusion	  transporters	  for	  the	  drug.	  
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