
Meghan McCue
Ph.D. Candida te, Biomolecula r Sciences
Dr. David MacLean

June 24th, 2022

St a yin g St r o n g 
Th r o u gh  Ch e m o
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Wh a t  is  Doxoru b icin ?



Risks and
Benefits

Effective anti-cancer tool

Non-specific + Dose Limited

Toxic to healthy tissues



What tissues are 
most effected?



What tissues are 
most effected?



Skeletal 
Muscle

Presenta tions a re 
c o mmunic a tio n to o ls tha t c a n b e  
use d  a s d e mo nstra tio ns, le c ture s, 

sp e e c he s, re p o rts, a nd  mo re .

40% of human body

Required for basic 
function + metabolism

Indicator of prognosis



Dox-in d u ce d  m yot oxicit y

Mitochondrial dysfunction 
Oxid a t ive  s t r e ss

Muscle breakdown

Weakness, exercise intolerance

Gilliam et al., 2013; 
Hayward et al., 2013; 
Hiensch et al., 2019

Im p a ir e d  glu cose  m e t a b o lism  



Fabris and MacLean, 2015

To add to basic toxicity... Ske le t a l m u scle
is an active site of Dox se q u e s t r a t ion



How do we p ro t e ct  
m u scle ?



Exercise

Stimulates glucose 
metabolism

Prevents atrophy, 
stimulates muscle growth

Reduces intramuscular 
accumulation?

Smuder et al., 2011; Dickinson et al., 2017; Hinkley et al., 2019; Park et al., 2019



Exercise is HARD! Especially during 
aggressive ch e m ot h e ra p y



Is there a reasonable a lt e rn a t ive ?



Ele ct r ica l St im u la t ion

Passive “e xe rcise ” o f m u scle

Iso la t e d  e ffe ct s of muscle activity

Viable option for b e d -r id d e n or 
e xt r e m e ly ill patients 



Do va r iou s  e le ct r ica l s t im u la t ion  
p ro t oco ls  im p a ct  Doxoru b icin  

a ccu m u la t ion  a n d  t oxicit y in  ske le t a l 
m u scle ?



• Use  e le ct r ica l s t im u la t ion to see if m u scle  
con t r a ct ion  induces Dox e fflu x

Study Aims 



• Use  e le ct r ica l s t im u la t ion to see if m u scle  
con t r a ct ion  induces Dox e fflu x

• Does electrical stimulation impact glucose 
metabolism and muscle breakdown 
pathways?

Study Aims 



Study Outline

4.5 mg/kg IP Dox Wait 24 hours Hindlimb stimulation

Stimulation on left leg ONLY



Nepomuceno et al., 2016



Hz Hz

5, 15, 30 minutes

1 3

n= 6/group



Tru e  con t ro l grou p : NO Doxorubicin, NO stimulation
(n=6)

In t r a -in d ivid u a l con t ro l: harvested muscles from the 
right leg prior to stimulation



Ga st rocn e u m is , So le u s , Pla n t a r is
Mixed Venous Blood
He a r t  + Live r

Tissu e  Ha rve s t



Assa ys

Aim  1: Doxoru b icin  a ccu m u la t ion
Determine the quantity of Doxorubicin and 

Doxorubicinol in muscle and plasma using HPLC



Pre lim in a ry Re su lt s

In t r a m u s cu la r  Do x / Do x o l

No apparent differences 
(pre vs. post stimulation)

Variability rat to rat

Exercise paradox?

Pla s m a  Do x / Do x o l

No apparent differences 
between groups (to be 
expected)

Variability rat to rat 



Aim  2: Mu scle  In t e gr it y
Investigate ge n e s and m a rke r s that govern 
e n e rgy m e t a b o lism , m u scle  b re a kd ow n

Assa ys



Glu co s e  Me t a b o lis m

No apparent differences across 
all groups for Glut-4 and AMPK 
or Rac1 mRNA expression

Need to evaluate transporter 
activity and location

Pre lim in a ry Re su lt s

Mu scle  Bre a kd ow n

Amino Acid profile, Nitric Oxide 
content, muscle atrophy pathways 
under investigation 



Su m m a ry

No a cu t e benefit of muscle contraction on Dox 
accumulation or glucose metabolism genes

Didn't see what we had hoped - but ga in e d  va lu a b le  
in s igh t

St ill a  t on  o f a n a lys is  le ft  t o  go !



Ne xt  St e p s?

Ch a n ge  t im e lin e

Com p a ra t ive  Exe rcise

Clin ica l Mod e l



Qu e s t io n s ?

Thank you for listening!
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