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The aims of this presentation are to: 
  

• Sensitize you to induced lesions you might experience in future 

• Broaden your anticipation for pharmacological vs safety findings 

• See a lot of macro-, histological and electrone microsc. pictures 

• Induce a challenging discussion 

• Entertain you 
 
 



Introduction    1  

Induced lesions in the musculoskeletal & soft tissue system (with some deviations ;-))  )  

 To start Positive: Angiotensin Converting Enzyme II Inhibitor (vessels) 

 ß2 Agonists (muscle) 

 Phospho-diesterase type IV Inhibitors (bone)  

 Matrix Metalloproteinase Inhibitors (joint & muscle) 

 Vascular Endothelial Growth Factor Receptor 1 Antagonist (joint, bone         

& a surprise ) 

 A “NVM” tour through some rare spontaneous lesions: Embryonal 

Rhabdomyosarcoma, Hibernoma, Liposarcoma; (and their importance)  

Take home message      

Your questions, please                                                                      open end 

This is your road-map you have to survive   

3 
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Compound class 

Indication 

Mechanism of 
Action 

Mater. &Meth., 
relev. Studies 

Histopatholog. 
side effect 

Mechanism of 
side effects 

Relevance to 
humans 

References 

Some orientation 
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Angiotensin Converting Enzyme II Inhibitors  
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Angiotensin Converting Enzyme Inhibitors  

Indication Cardio-Vascular System. AT II Receptor antagonists are 
usede in the treatment of hypertension (high blood 
pressure), diabetic nephropathy (kidney damage due 
to diabetes) and congestive heart failure. 

Mechanism of Action Angiotensin II receptor antagonists, also known 
as angiotensin receptor blockers (ARBs), AT1-receptor 
antagonists, are modulating the renin–angiotensin 
system.  

Mater. & Meth., relev. Studies See extra slides 

Histopathological  side effect See extra slides 

Mechanism of side effects Reverse lesions of a cardiovasluar disease model by 
pharmacological combination therapy 

Relevance to humans Hypertension has long been associated with increased 
cardiovascular risk. But now, hypertension is emerging 
as a "key player"—along with oxidative stress and 
angiotensin II—in an insidious process occurring in the 
vasculature that causes daily vascular damage 

https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
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Angiotensin II receptor antagonists, also 
known as angiotensin receptor blockers 
(ARBs), AT1-receptor antagonists, are 
modulating the renin–angiotensin system. 
Their main uses are in the treatment 
of hypertension (high blood 
pressure), diabetic nephropathy (kidney 
damage due to diabetes) and congestive 
heart failure. 

https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Renin%E2%80%93angiotensin_system
https://en.wikipedia.org/wiki/Hypertension
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetic_nephropathy
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure
https://en.wikipedia.org/wiki/Congestive_heart_failure


• Spontaneously hypertensive rats (SHR) treated with a 
NO-synthase inhibitor (L-NAME) 

 

• Treatment groups (12 animals each): 

– Vehicle, placebo treatment (“Real sick” control)   

– High dose Valsartan (50mg/kg b.w.) 

– Low dose Valsartan (5 mg/kg b.w.) 

– Low dose Enalapril (1 mg/kg b.w.) 

– Combination low dose Valsartan / low dose Enalapril 

– Healthy WKY rats (no treatment at all) 

 

Study Design 



• Survival and clinical signs 

• Body & organ weights 

• Clinical Pathology for Kidney Markers (Plasma & Urine) 

• Endothelial function (ex vivo)  

• The endothelium function in aortic ring  

• Maximal coronary flow (in isolated perfused hearts)  

• Maximum coronary vasodilatation  

• Coronary reserve  

• Histopathology of Kidney, Heart and Aorta (coded) 

• Metabonomic Profile in Deep frozen blood samples 
 

 Read outs 
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Placebo group: Chronic progressive nephropathy 



Placebo group: Vascular media hyaline necrosis 



Placebo group: Myocardial fibrosis 



Placebo group: Vasculopathy with media / intima proliferation 



 

Results of histopathology, control SHR-rats:  
 

Severe chronic progressive nephropathy (CPN)   

 

Myocardial fibrosis with lymph-histiocytic 
infiltrates   

 

Vasculopathy with proliferation of medial and intimal 
cells   







Results of histopathology 

 

Mono-therapies of Enalapril (1 mg) or low 
dose Valsartan (5 mg) showed only minimal 
beneficial effects. 

 

Mono-therapy of Valsartan high dose     
(50 mg) exhibited a clear reduction of the 
lesion severity in the kidneys, heart and 
vessels.  

 



Severity grades of histopathological lesions 

 WKY Vehicle Valsartan 5 Enalapril 1 Val 5 - Ena 1 Valsartan 50 

Vascular media 

hyaline necrosis 
0.2 2.00 2.00 2.09 1.64   1.36 * 

Media myocyte 

degeneration 
0.0 1.62 1.20 0.73        0.64 * # b 1.27 

Chronic progressive 

nephropathy 
0.0 3.50 2.90 2.82 1.00 1.00 

Myocardial fibrosis 0.0 2.25 1.60 2.45       1.00 * # b    1.64 * 

Cardiac myocyte 

degeneration 
0.0 2.25 2.00 2.09 0.82 1.27 

Vasculopathy  

media / intima 

proliferation 

0.0 0.87 0.60 1.09 0.27 b 0.27 

Overall mean 0.02 2.10 1.72 1.90 0.88 * 1.15 

p<0.05 *vs vehicle; # vs Val 5; b vs Ena 1 



Conclusions   
 

Combination therapy of the low dose Valsartan (5 

mg) with Enalapril (1 mg) proved to be the most 

effective therapy in many parameters. 

Overall efficacy of the combination Valsartan 5 mg 

& Enalapril 1 mg is comparable to the high dose 

mono-therapy Valsartan (50 mg). 

Reference: Low Dose Combinations of Valsartan and Enalapril Improves 
Histopathology, Endothelial Dysfunction and Coronary Reserve in Spontaneously 
Hypertensive Rats.  M. de Gasparo, P. Hess. M. Clozel,  E. Persohn, P Germann, D. 
Roman, JP Clozel , R.L. Webb. J. Cardiovascular. Pharmacol. 40, 789-800, 2002 
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Kidney, dog, ACE inhibitor treatment. Vas 
afferens and vas efferens are thickened 2- to 4-
fold when compared with the normal control 
dogs. H&E & PAS 

A 
glance 
to the 
dog 
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ß2 Agonists (muscle) 
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ß2 Agonists  

Indication β2-adrenegic receptor agonists (stimulating agents) are 
used to for the treatment of bronchospasms in patients 
with bronchial asthma 

Mechanism of 
Action 

β-sympathomimetic substances induce a positive 
chronotrope, inotrope and dromotrope effect in the 
heart via stimulation of the cardiac β1-receptors.   

Mater. &Meth.    Rat, 13 weeks treatment, once daily oral application 
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ß2 Agonists  

Histopatholog. 
side effect 

Histologically, skeletal muscle fibers were hypertrophied and there was 
multifocal necrosis with inflammatory infiltrates, mainly macrophages. 
Additional lesions were observed in the heart. Focal inflammatory 
infiltrates (mainly macrophages), granulation tissue and fibrosis were 
present, most pronounced subendocardially in the left ventricle and 
septum.  Similar to the rat, foci with myodegeneration were also 
observed in the skeletal muscles 

Mechanism of 
side effects 

It is suggested that the adenylate cyclase is activated, which leads to an 
increase in cAMP content.  After treatment with Isoprenalin an increased 
DNA-content and an enhanced incorporation of radiolabelled thymidine 
were reported (Greaves 2000), which indicates that besides hypertrophy 
there is also hyperplasia. The focal myodegeneration seen in rats treated 
with formoterol may partially be a consequence of the hypertrophy. Since 
similar lesions have been seen in mice without hypertrophy, other factors 
must play a role as well. It is described in the literature that 
overstimulation of the receptors in the muscle leads to spasms, which 
may induce ruptures of muscle fibers and subsequent inflammatory and 
reparative processes (Van Vleet et al. 2002). 
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Rat, skeletal muscle, terminal sacrifice after treatment with formoterol for 13 weeks: 
hypertrophy of muscle fibers, post-necrotic regeneration;   
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Rat, heart, terminal sacrifice a. treatment with formoterol for 13 weeks: necrosis, granul. tissue;   
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ß2 Agonists  

Relevance to 
humans 

A link also exists between the hypertrophy of the skeletal muscle and the 
pharmacological effects of the β2-agonists. This has been misused in sport 
as well as in meat production. The mechanism is not fully understood.  

References 
Aguado LI, Petrovic SL, Ojeda SR (1982) Ovarian beta-adrenergic receptors during the onset of puberty: characterization, 
distribution and coupling to steroidogenic responses. Endocrinology 110: 1124-1132   
Balazs T, Bloom S (1982) Cardiotoxicity of adrenergic bronchodilatator and vasodilating antihypertensive drugs. In: Van 
Stee EW (ed.) Cardiovascular toxicology. Raven Press New York, pp 199-220  
Dyer CA, Erickson GF (1985) Norepinephrine amplifies human chorionic gondaotropin-stimulated androgen biosynthesis 
by ovarian theca-interstitial cells. Endocrinology 116: 1645-1652   
Gopinath C, Prentice DE, Lewis DJ (1987) Atlas of experimental toxicological pathology. MTD Press Ltd. Lancaster, p 15, p 
64, p 91, p 94   
Greaves P (2000) Histopathology of preclinical toxicity studies: interpretation and relevance in drug safety evaluation. 
Elsevier Amsterdam, pp 326-327, p 495, pp 701-703, pp 722-723, pp 725-726  
Grobecker H, Hellenbrecht D, Palm D, Quiring K (1980) Adrenalin und Noradrenalin; Sympathomimetika, 
Rezeptorenblocker, Antisympathomimetika. In: Bergeron Forth W, Henschel D, Rummel W (eds.) Allgemeine und spezielle 
Pharmakologie und Toxikologie. Bibliographisches Institut Mannheim, pp 99-131  
Marsh JM (1975) The role of cyclic AMP in gonadal function. Adv Cyclic Nucleotide Res 6: 137-199  
Van Vleet JF, Ferrans JF, Herman E (2002) Cardiovascular and skeletal muscle systems. In: Haschek WM, Rousseaux CG, 
Wallig MA (eds) Handbook of toxicologic pathology, volume 2, Academic Press San Diego, p 434  
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Phospho-diesterase type IV Inhibitors (bone)  
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Phospho-diesterase type IV Inhibitors  

Indication Asthma, Psoriasis, Atopic Dermatitis: PDE3i: heart failure, PDE4i: chronic 
obstructive pulmonary disease (COPD); PDE5i: pulmonary arterial 
hypertension, erectile dysfunction 

Mechanism of 
Action 

Inhibition of selective isoenzymes to prolong or enhance 
effects mediated by cAMP or cGMP in target tissue /cells 

Mater.& Met. 
relev. Studies 

Findings in the skeletal system in toxicity studies in rats 

Histopatholog. 
side effect 

See later slides 

Mechanism of 
side effects 

See later slides 

Relevance to 
humans 

References 
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Periosteal thickening, osteoblast differentiation and new bone formation 
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Mild hyperostosis at distal tibia 
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Second shell of bone with bone marrow cavities around pre-existing tibia 
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Under long-term treatment different 

episodes of new bone formation were 
observed 

Compound: PDE3/4i 
(high dose) 
Clin. Obs.: Day 41-43 
Necropsy: Day 95 
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Summary of Findings 
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Effect of PDE4 inhibitors on bone tissue 
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Matrix Metalloproteinase Inhibitors  
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Matrix metalloproteinase  inhibitors (MMPI´s) 

Indication Cancer, Inhibition of MMP activity inhibits tumor invasion and metastasis.  

Mechanism of 
Action 

Activity of the MMPs under normal physiological conditions is strictly 
controlled.  Altering this equilibrium of MMP activity affects the process 
of cellular invasion by modulating extracellular matrix (ECM) turnover and 
the adhesive and motile properties of neoplastic cells.   

Histopatholog. 
side effect 

Severe tendinitis and arthritis: Inflammatory cell infiltration and fibrosis 
around the tendons and exudate within the articular space of the knee 
joints as well as synovial cell proliferation. Abnormal endochondral 
ossification was also observed in femur and tibia, and a myopathy with 
fiber degeneration or necrosis and inflammatory cell infiltration affected 
the skeletal muscles.   

Mechanism of 
side effects 

The mechanism of inducing the inflammatory and degenerative side 
effects is most likely due to the broad inhibition of matrix 
metalloproteinases including those responsible for the physiological 
mechanism of collagen remodeling such as collagenase-1. In fact at the 
level of joints, collagenase-1 maintains the homeostasis between collagen 
production and degradation allowing the proper joint function and 
movement.   
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Rat, femur, knee joint, inflammation and fibrosis of the 
synovia and subsynovial tissue; CGS 27023A 140 
mg/kg/day for 21 days duration. H&E, lens x10 and x20. 

Rat, femur, normal knee joint with synovial 
space, vehicle (DMSO/PEG300). H&E, lens x10 

(MMPI´s) 
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Rat, femur, normal growth plate; vehicle 
(DMSO/PEG300). H&E, lens x10. 

Rat, femur, increased growth plate cartilage width 
due to chondrocyte proliferation and arrest of 
mineralization; CGS 27023A 140 mg/kg/day for 
21 days duration. H&E, lens x2 & x10. 

(MMPI´s) 
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 Rat, skeletal muscle, myopathy with degeneration and necrosis of myofibers, CGS 
27023A 140 mg/kg/day for 21 days duration. H&E, lens x40.  

(MMPI´s) 
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Matrix metalloproteinase  inhibitors (MMPI´s) 

Mater. &Meth., 
relev. Studies 

Marimastat and CGS 27023A (two synthetic MMPI) were given by continuous 
infusion, using an osmotic mini pump model implanted subcutaneously, to male 
Wistar rats for a period up to 21 days. Marimastat was given at the dose of 10 
mg/kg/day, CGS 27023A at the dose of 140 mg/kg/day. At the end of the treatment 
period, animals were killed under anesthesia of pentobarbital and limbs of animals 
of controls and each treatment group were collected and fixed with 10% neutral 
buffered formalin. The sections from muscles, tendons and bones were stained   

Relevance to 
humans 

The toxicity observed in animals has been recorded in humans as well. The most 
common side effects  were a syndrome of musculoskeletal pain and stiffness, often 
starting in the small joints of the hands and progressing to the arms and shoulders, 
mainly at tendon-insertion points Two main toxicities were observed: a 
widespread, self-limiting maculopapular rash and mild to moderate arthralgias and 
myalgias which did not appear to be dose-related. These side effects, mostly 
related to the inhibition of collagenase-1, were the cause of the interruption of the 
clinical development of all MMPIs under investigation.   

References- Andersen IC, Shipp MA, Docherty AJP, Teicher BA (1996) Combination therapy including a gelatinase inhibitor and cytotoxic agent 
reduces local invasion and metastasis of murine Lewis lung carcinoma. Cancer Res 56: 715-718;   Brown PD, Giavazzi R (1995) Matrix 
metalloproteinase inhibition: a review of anti-tumor activity. Ann Oncol 6: 967-974 ;  Hajitou A, Sounni N, Devy L, Grignet-Debrus C, Lewalle 
JM, Li H, et al. (2001) Down-regulation of vascular endothelial growth factor by tissue inhibitor of metalloproteinase-2: effect on in vivo 
mammary tumor growth and angiogenesis. Cancer Res 61: 3450-3457 ;  Nelson AR, Fingleton B, Rothenberg ML, Matrisian LM (2000) Matrix 
metalloproteinases: biologic activity and clinical implications. J Clin Oncol 18: 1135-1149 ;  O'Byrne EM, Parker DT, Roberts ED, Goldberg RL, 
MacPherson LJ, Blancuzzi V, et al. (1995) Oral administration of a matrix metalloproteinase inhibitor, CGS 27023A, protects the cartilage 
proteoglycan matrix in a partial meniscectomy model of osteoarthritis in rabbits. Inflamm Res 44 (Suppl 2): S117-118  
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Vascular Endothelial Growth Factor Recep. 1 Antag. 
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Vascular Endothelial Growth Factor Receptor 1 Antagonists 

Indication Cancer 

Mechanism of 
Action 

Inhibition of VEGF-induced angiogenic signals will selectively target the 
tumor-associated vessels, since cell division of endothelial cells in the 
normal vasculature is a very rare event except during growth and repair.   

Mater. &Meth., 
relev. Studies 

Lesions are from a 26-week exploratory toxicity study in rats and the 
compound was given once daily by gavage, starting at the age of 6 weeks 
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Femur (epiphyseal growth plate); rat sacrificed in poor health condition after oral administration of 
100 mg/kg body weight/day for 12 weeks of a VEGF-receptor inhibitor: Lack of endochondral 
ossification and enlargement of the epiphyseal growth plate, H&E, lens x5. 

VEGF inhibitors 
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VEGF inhibitors 
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Sorry, 
 I need to show you this !!! 
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VEGF 
inhibitors 
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VEGF inhibitors 

Duodenum;  
Epithelial 
hyperplasia of the 
mucosal glands into 
the submucosa, 
H&E, lens x20; 
High mitotic index, 
dysplastic cell 
morphology, 
glandular structure 
still maintained, 
inflammatory 
reaction; 
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VEGF inhibitors 

Clear signs of 
regression of the 
epithelial 
hyperplasia and of 
the infiltration of 
the mucosal glands 
into the submucosa 
and muscle layers; 
the layer of 
Brunner's glands is 
completely 
restituted, H&E, 
lens x20 

After 13 week recovery 
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Vascular Endothelial Growth Factor Receptor 1 Antagonists 

Histopatholog. 
side effect 

In the long bones (femur) lack of endochondral ossification and moderate 
to marked enlargement of the epiphyseal growth plate was found. 
 
Insufficient qualitative and quantitative dentine formation due to 
degeneration/ necrosis of odontoblasts was observed in the incisor teeth 
 
The duodenum was markedly increased in diameter and incisor teeth 
were discolored or broken. The duodenum showed diffuse epithelial 
hyperplasia of the mucosal crypts / glands with invasion into the muscular 
layers. After a recovery period of 13 weeks the lesions in the duodenum 
were still present, but accompanied by clear signs of regression of the 
epithelial hyperplasia and infiltration of the mucosal glands into the 
submucosa and muscle layers. This regression could be confirmed 
immunohisto-chemically by a reduction of cells stained positive with the 
proliferation marker Ki67.  
 
.  
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Vascular Endothelial Growth Factor Receptor 1 Antagonists 

Mechanism of 
side effects 

Related to mechanism of action 

Relevance to 
humans 

The effects on the duodenum have so far only been observed in rats, but 
not in mice or dogs, and might be species-specific. Careful monitoring is 
required in clinical trials. The effects on teeth are not relevant for adult 
humans, since the rodent incisors, which are growing throughout the 
animal's life, are morphologically different from teeth in other species. 
Effects on bone growth are also not expected to occur in adult humans, 
where epiphyseal plates are no longer present 

References Keshet E, Ben-Sasson SA (1999) Anticancer drug targets: approaching 
angiogenesis. J Clin Invest 104: 1497-1501; Marks PA, Rifkind RA, Richon 
VM, Breslow R (2001) Inhibitors of histone deacetylase are potentially 
effective anticancer agents. Clin Cancer Res 7: 759-760; Matter A (2001) 
Tumor angiogenesis as a therapeutic target. Drug Discov Today 6: 1005-
1024  
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Know we will go into NVM !!! 
 

(near video mode)    
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Three rare spontaneous lesions of the  
muscolo-skeletal system& soft tissue 

  
Embryonal Rhabdomyosarcoma  

Myxoid Liposarcoma 
Hibernoma  
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Three rare spontaneous lesions of the  
muscolo-skeletal system& soft tissue 

  
Embryonal Rhabdomyosarcoma  

  



Embryonal Rhabdomyosarcoma 



Embryonal Rhabdomyosarcoma 



Embryonal Rhabdomyosarcoma, PAS & Alcianblau 



Embryonal Rhabdomyosarcoma 



Embryonal Rhabdomyosarcoma, Aktin  



Embryonales Rhabdomyosarcoma, Desmin 



Embryonal Rhabdomyosarcoma, Myoglobin 



Embryonal Rhabdomyosarcoma, S100 



"Rare Tumours in Laboratory Animals ”, Paul-Georg Germann  

Embryonal Rhabdomyosarcoma 



Differential Diagnosis: Rhabdomyosarcoma 
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Three rare spontaneous lesions of the  
muscolo-skeletal system& soft tissue 

  
  

Myxoid Liposarcoma 
  



Myxoid Liposarcoma 



Myxoides Liposarcoma 



Myxoides Liposarcoma 



"Rare Tumours in Laboratory Animals ”, Paul-Georg Germann  

Myxoid Liposarcoma 



Fat stain: Oil red Myxoid Liposarcoma  Liposarcoma (other case) 



  
S 100 
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Three rare spontaneous lesions of the  
muscolo-skeletal system& soft tissue 

  
  

Hibernoma  



Hibernoma, benign 



"Rare Tumours in Laboratory Animals ”, Paul-Georg Germann  

Hibernoma, benign 



Hibernoma, benign 



  

 

   

 

 

 78 Paul Germann, 22-Oct. 2016: "Rare Spontaneous & induced lesions of the musculoskeletal system” 

Differential diagnosis: 
Liposarcoma 



Liposarcoma 



Liposarcoma 
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Why I am showing you these spontaneous cases ? 
 
 
 
 
 
 
 
1: Compound class: PPARγ agonist  
   2: Diagnostic Criteria http://www.goreni.org/ 
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Take home 
message: 
• Differentiate between safety & 

pharmacology related effects 

• Be curious, develop yourself 

• Livelong learning is key 

• Have fun with all what you do !  

I promised you pictures:  
You have seen in total 70 pictures, from macro to electrone microscopy !  
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Back-Up´s 


