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Background
•	 Duchenne muscular dystrophy (DMD) is a severe, progressive neuromuscular disease caused by a mutation in the 

X-linked DMD gene that encodes the protein dystrophin.1

•	 The B10.mdx (mdx) mouse model (strain C57BL/10ScSn-Dmdmdx/J) is widely used to study DMD pathology and to 
evaluate potential new therapies for DMD.2,3

	– From an early age, mdx mice show progressive deficits in muscle strength and function and increases in muscle 
and serum pathology markers. 

•	 Several drugs targeting the glucocorticoid receptor (GR; e.g. prednisolone, deflazacort and vamorolone), have 
demonstrated improvements in skeletal muscle function and pathology in the mdx model, and are approved for the 
treatment of DMD.4,5  

•	 GRM-01 is an orally available, non-steroidal, selective GR agonist and modulator (SEGRAM) with a  
preclinical profile that potentially dissociates the beneficial anti-inflammatory effects of GR activation from the 
clinically-relevant adverse effects typically associated with long-term corticosteroid therapy.6

•	 This study evaluated the effect of GRM-01 on DMD-relevant endpoints of in vivo muscle strength/function and 
muscle pathology, and on fasting blood glucose as a GR-transactivation marker.

In vivo Eccentric Torque Force
•	 Mean BWN peak isometric torque at baseline (pre-ECC-induced injury) was significantly increased by GRM-01 2 mg/kg qod 

versus mdx vehicle (p<0.05) (Figure 2A).
	– Calculated Recovery Score was 128%.

•	 GRT6019 at a dose of 2 mg/kg qod produced a statistically significant improvement in the total peak isometric torque AUC 
relative to mdx vehicle (Figure 2B).

•	 No significant effect was observed with GRM-01 0.5 mg/kg qd and 1 mg/kg qd versus mdx vehicle either pre- or during  
ECC-induced injury (Figure 2A, 2B).

•	 No significant effect of GRM-01 (at any dose) was observed on post-ECC induced injury versus mdx vehicle (Figure 2C).
•	 Prednisolone (5 mg/kg qd) had no statistically significant effect (versus mdx vehicle) on peak isometric torque at baseline, or 

during/post ECC-induced injury.

Fasting Blood Glucose Levels
•	 Fasting blood glucose levels were assessed as an in vivo marker of GR transactivation potential.
•	 GRM-01 (all doses) had no significant effect on mean fasting blood glucose levels (Figure 4).
•	 Mean fasting blood glucose was increased by ~8% with GRM-01 (all doses) versus mdx vehicle.
•	 Prednisolone treatment was associated with a significant increase in mean fasting blood glucose (~25% versus mdx vehicle; 

p<0.05).
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Methods
•	 The study was conducted using three separate study cohorts (I–III) that were initiated at weekly intervals over a consecutive 3-week 

period. Mice were stratified by body weight within each cohort, and each treatment arm was matched for starting bodyweight.
•	 Study endpoints included in vivo muscle strength and function, muscle histopathology and fasting blood glucose levels.

Treatment was administered by oral gavage; each treatment group contained 3 surplus animals for potential gavage-related attrition. The technicians 
conducting the study were blinded to both the animal genotype and treatment group allocations.
ECC, eccentric; H&E, hematoxylin and eosin; qd, once daily; qod, every other day; R, randomized.

Day 1 Day 42

Males, 4 weeks old

Key study endpoints:
• Muscle strength
 – In vivo forelimb grip strength at Day 33
• Muscle function
 – In vivo ECC torque force at Day 42
• Histopathology (necroscopy) of diaphragm muscles: 
 – H&E staining (inflammation)
 – Sirius red staining (fibrosis)
• Fasting blood glucose levels at Day 21 and 42

B10.mdx: strain 
C57BL/10ScSn-Dmd mdx/J

Males, 4 weeks old

Wild type B10:
strain C57BL/10ScSn

GRM-01 0.5 mg/kg qd (N=18)

GRM-01 1 mg/kg qd (N=18)

GRM-01 2 mg/kg qod (N=18)

Vehicle qd (N=18)

Prednisolone 5 mg/kg qd (N=18)

Vehicle qd (N=18)

R

Forelimb grip strength was measured using the Chatillon model DFS2-002 digital force scale (AMETEKTEST, Largo, USA). Due to the body weight loss 
associated with both GRT (GRM-01) and prednisolone, the individual raw grip strength data was BWN using the animal’s body weight on the day of 
testing (Graph A). Data shown only for Cohorts I and II; Cohort III was excluded from the analysis because of operational error; data are plotted as least 
square means ± 95% confidence intervals. 
*Indicates a statistically significant difference versus mdx vehicle (p<0.05).
BWN, body weight normalized; GRT, GRM-01; mdx, B10.mdx mice; WT, wild type.

Figure 1. Forelimb grip strength by treatment group: (A) body weight normalized, (B) raw (non-body 
weight normalized) 
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H&E and Sirius red staining were used for assessment of inflammation and fibrosis, respectively. Individual animal data are shown for all three cohorts; 
data are plotted as least square means ± 95% confidence intervals. WT was not included in the ANOVA and is shown for comparative purposes only.
*Indicates a statistically significant difference versus mdx vehicle (p<0.05).
ANOVA, analysis of variance; GRT, GRM-01; H&E, hematoxylin and eosin; mdx, B10.mdx mice; WT, wild type.

Figure 3. Mean percent area of (A) inflammatory foci and (B) fibrotic foci in the diaphragm by treatment group

Pe
rc

en
t a

re
a 

of
 in

�a
m

m
at

or
y 

fo
ci

40

25

30

35

20

15

10

5

0
WT

Vehicle

Relative reduction vs mdx vehicle:

mdx
Vehicle

mdx
Prednisolone

mdx GRT
0.5 mg/kg

mdx GRT
1 mg/kg

mdx GRT
2 mg/kg

8N= N=7 8 8 8 8

Pe
rc

en
t a

re
a 

of
 �

br
ot

ic
 fo

ci

45

30

35

40

25

20

15

10

0
WT

Vehicle
mdx

Vehicle
mdx

Prednisolone
mdx GRT
0.5 mg/kg

mdx GRT
1 mg/kg

mdx GRT
2 mg/kg

8 7 8 8 8 8

~65% ~43% ~57% ~70% ~35% ~28% ~41% ~60%

5

Relative reduction vs mdx vehicle:

A B

‘Main effect’ analysis of Day 21±2 (n=17-18 animals per treatment group) and Day 42±2 (n=16-18 animals per treatment group) fasting blood glucose 
levels by treatment group. Data are plotted as least square means ± 95% confidence intervals. 
*Indicates a statistically significant difference versus mdx vehicle (p<0.05).
GRT, GRM-01; mdx, B10.mdx mice; WT, wild type.

Figure 4. Fasting blood glucose levels by treatment group
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Histopathology of Diaphragm Muscles
•	 GRM-01 1 mg/kg qd and 2 mg/kg qod significantly 

reduced mean percent area of inflammatory foci  
in the diaphragm versus mdx vehicle (p<0.05)  
(Figure 3A).

•	 Prednisolone significantly reduced mean percent  
area of inflammatory foci in the diaphragm versus mdx 
vehicle (p<0.05).

•	 There was no significant change in mean percent  
area of fibrotic foci in the diaphragm versus mdx vehicle  
with either GRM-01 (any dose) or prednisolone  
(Figure 3B).

In vivo muscle function was assessed at Day 42 ±3 by measuring the peak (isometric) torque force generated at tetanus in the tibialis anterior muscle 
using established ECC muscle contraction methods. Individual animal data are shown for all three cohorts with data plotted as least square means ± 95% 
confidence intervals. 
*Indicates a statistically significant difference versus mdx vehicle (p<0,05). †Shown as total peak isometric torque generated during the ECC injury phase, 
calculated as AUC.
AUC, area under the concentration-time curve; BWN, body weight normalized; ECC, eccentric; GRT, GRM-01; mdx, B10.mdx mice; WT, wild type.

Figure 2. Peak isometric torque force by treatment group measured at (A) baseline (pre-injury), (B) injury phase,† and
(C) post-injury phase
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Results
Forelimb Grip Strength
•	 GRM-01 0.5 mg/kg qd and 2 mg/kg qod significantly increased mean bodyweight-normalized (BWN) forelimb grip strength 

versus mdx vehicle (p<0.05) (Figure 1).
	– Calculated Recovery Scores7 were 72% and 68% respectively.

•	 Prednisolone (5 mg/kg qd) had no statistically significant effect (versus mdx vehicle) on forelimb grip strength.

Diaphragm

Inflammatory foci; H&E stain

mdx-vehicle GRM-01 2 mg/kg qod

	� GRM-01 demonstrated positive benefits on muscle health in the mdx mouse model by: 
	– Significantly improving in vivo muscle strength and eccentric torque force generation
	– Significantly reducing inflammatory pathology, which is consistent with its potent 

transrepression activity

	� GRM-01 displayed a lower transactivation effect on fasting blood glucose levels  
versus prednisolone

	� Overall, GRM-01 demonstrated SEGRAM in vivo pharmacology in the mdx model that support 
its evaluation as a treatment for DMD

Conclusion 
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