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Growth Hormone does not stimulate early healing in rat tendons  

Therese Andersson, Pernilla Eliasson, Per Aspenberg



Abstract 

Growth Hormone stimulates bone growth and fracture repair. It acts mainly by increasing the 

systemic levels of IGF-1. Local treatment with IGF-1 appears to stimulate tendon healing. 

We therefore hypothesized that systemic treatment with Growth Hormone would also 

stimulate tendon healing. Rat Achilles tendons were transected and left to heal. Four groups 

were studied. Intramuscular injections of botulinum toxin A (Botox) were used to reduce 

loading in 2 groups. The animals were randomized to twice daily injections of Growth 

Hormone (n = 2 x 10) or saline (n = 2 x 10), and killed after 10 days. Healing was assessed 

by mechanical testing. Muscle paralysis induced by Botox reduced the strength of the healing 

tendon by two thirds. Growth Hormone increased femoral and tibial length in the unloaded, 

and femoral and tibial weight in the loaded group. Body weight and muscle weight were 

increased in both.  In contrast, there was no increase in the strength of the healing tendons, 

regardless of mechanical loading status. An increase in peak force of the loaded healing 

tendons by more than 5 % could be excluded with 95 % confidence. In spite of its stimulatory 

effects on other tissues, Growth Hormone did not appear to stimulate tendon or tendon repair.  

 

 



Introduction 

Administration of Growth Hormone (GH) stimulates growth of both muscles and bones. It 

has also been suggested that Growth Hormone plays an anabolic role in the connective tissue 

component of skeletal muscles and tendons. Growth Hormone administration to GH-deficient 

dwarf rats for 14 days induced a higher collagen turnover in intact patellar tendons and 

medial and lateral collateral ligaments, but the total amount of collagen was unchanged [19]. 

Growth Hormone stimulates collagen expression and synthesis in human tendons [11] 

although it was recently shown that administration of a Growth Hormone receptor blocker 

has no effect on collagen synthesis in human tendons [20]. Growth Hormone induces the 

production of insulin-like growth factor-1 (IGF-1), and its effect on tendon metabolism might 

be mediated via this growth factor. IGF-1 is primarily produced by the liver, but can also be 

expressed locally, both in tendons and muscles. IGF-1 stimulates matrix synthesis and cell 

proliferation in flexor tendon explants from rabbits [1, 16]. Furthermore, a study in humans 

demonstrated that the expression of IGF-1 in the patellar tendon was up-regulated and 

collagen synthesis was increased when Growth Hormone was given systemically [11].   

 

Very little information related to Growth Hormone and tendon healing can be found in the 

literature. A study on the effect of Growth Hormone on the healing of superficial flexor 

tendonitis in horses showed no positive effect; in fact a slight negative effect was seen [12]. 

In contrast, several animal studies have demonstrated up-regulation of the IGF-1 expression 

during tendon healing [6, 7, 9]. This up-regulation was seen both during an early and a later 

phase of healing. Moreover, local IGF-1 treatment following Achilles tendon transection in 

rats resulted in faster functional recovery compared to controls 14 days after transection [18]. 

Local IGF-1 treatment also increased cell proliferation and collagen content in collagenase-

induced tendon lesions in horses [10]. However, no positive effect on the mechanical or 



material properties after local IGF-1 treatment could be demonstrated 8 weeks after creation 

of the lesions.  

 

The effect of systemic Growth Hormone on ligament healing in rats has been evaluated in 

detail, and no significant effect on the mechanical or material properties of the healing, 

loaded or unloaded, ligaments was seen 3 weeks after surgery [21] .  

 

Studies concerning the effect of Growth Hormone on fracture healing are abundant in the 

literature. Several studies have shown that Growth Hormone has positive effects on fracture 

healing [4, 17, 22-24]. There are, however, contradicting results, and the outcome of 

treatment seems to depend on model, dose, time-point and duration of administration [3, 5, 

8]. 

 

Taken together, IGF-1 might be important for tendon tissue maintenance, remodelling and 

repair. Since Growth Hormone exerts many of its effects via IGF-1, and is known to 

stimulate growth of other tissues, and even fracture healing, we hypothesized that systemic 

Growth Hormone treatment would improve tendon healing in rats. In the present study, the 

effect of Growth Hormone was evaluated by mechanical testing in both loaded and unloaded 

healing Achilles tendons.  



Materials and Methods 

Experimental overview 

This study was performed in two parts; one where we tested the effect of Growth Hormone 

on mechanically loaded healing tendons in rats, and one where the loading of the healing 

tendons was reduced. Intramuscular injections of botulinum toxin A (Botox) were used to 

reduce loading. The right Achilles tendon was then transected and left to heal. Daily Growth 

Hormone injections were given subcutaneously. Ten days after surgery, the tendons were 

mechanically tested to evaluate the effect of Growth Hormone on the healing process.  

 

Animals 

Forty female Sprague-Dawley rats (Scanbur BK, Stockholm, Sweden), weighing 

approximately 220 g, were used. They were housed two per cage at 21ºC in a 12-h light and 

dark cycle, and given food and water ad libitium. The study was approved by the Regional 

Ethics Committee for Animal Experiments and adhered to the institutional guidelines for the 

care and treatment of laboratory animals. The ethical standards of the journal [14] were 

followed.  

 

Botox injections  

Twenty rats were used to study the effect of Growth Hormone on unloaded healing tendons. 

The rats were anesthetised with isoflurane gas (Forene, Abbot Scandinavia, Solna, Sweden) 

and their right hind limb was shaved. Botox (Botox, Allergan, Irvine, CA) was injected into 

the gastrocnemius lateralis and medianus and the soleus muscle (1 U per muscle). The rats 

were then operated on day five after the Botox injections. By then, the rats were unable to 

actively plantar-flex the ankle joint, and loaded the entire foot for each step.  

 



Surgery 

All 40 rats were anesthetised with isoflurane gas and given antibiotics (Engemycin; Intervet, 

Boxmeer, Holland), and analgesics (Temgesic; Schering-Plough, Brussels, Belgium) 

preoperatively. The surgery was performed under aseptic conditions. A transverse incision 

was made in the skin lateral to the right Achilles tendon. The plantaris tendon was removed 

and the Achilles tendon was cut transversely. A 3-mm segment of the Achilles tendon was 

removed and the wound was closed leaving the tendon unsutured.  

 

Growth Hormone treatment 

Ten animals from the loaded group (no botox injections) and ten animals from the unloaded 

group (botox injections) received daily Growth Hormone injections (Nutropin Aq, Institut 

Produits Synthèse (IPSEN) AB, Kista, Sweden). The treatment started the day after surgery 

and the animals were given subcutaneous injections twice a day at 8 am and 5 pm. The total 

daily dose was 2 mg/kg body weight, divided into two equal doses. The animals in the control 

groups were given saline subcutaneously twice a day.  

 

Mechanical testing and growth assessment 

The animals were euthanized with CO2 gas 10 days after surgery, and the healing and intact 

tendons were harvested for mechanical testing. The tendons with the attached calcaneal bone 

were dissected free together with parts of the gastrocnemius and soleus muscle complex. 

Sagittal and transverse diameters of the midpart of the callus tissue or intact tendon were 

measured with a slide caliper. Cross sectional area was calculated by assuming an elliptical 

shape of the transverse section. The tendons were fixated in a metal clamp [2] and the 

distance between the clamp and the calcaneus was used as an approximation of tendon 

length. Finally the tendons were mounted vertically [2] in a materials testing machine (100R; 



DDL Inc., Eden Praire MN) and were distracted until failure at a constant speed of 0.1 mm/s. 

Force at failure and stiffness were calculated by the software of the testing machine. The 

investigator marked a linear portion of the elastic phase of the curve for stiffness calculation. 

Elastic modulus and ultimate stress were calculated.  

 

The left calf muscle, tibia and femur were weighed and the length of the bones was measured 

to confirm an overall effect of the Growth Hormone treatment.  

 

Statistics 

All evaluation was performed while blinded. The results from the loaded and the unloaded 

healing tendons were analyzed separately with Student´s t-test. The results from the intact 

tendons were analyzed in the same way. Peak force was regarded as the primary outcome 

variable. Mann-Whitney U test was used to analyse the body weight results. Data were 

evaluated using SPSS for Windows, Rel. 15.0.0. 2006. Chicago: SPSS Inc. 

 

Results 

In all cases, tendon continuity was restored by a fibrous callus filling the defect between the 

stumps. At testing, all tendons ruptured in this mid-substance, except for two tendons, one 

from each loaded group, which ruptured near the metal clamp.   

 

Loaded tendons 

The peak force of the healing tendons was unaffected by the treatment, and the 95 % 

confidence interval for the peak force excludes an increase after Growth Hormone treatment 

by more than 5% (Table 1). The stiffness in the healing tendons was decreased by the 



Table 1. Mechanical properties of healing tendons 10 days after transaction, and contralateral intact tendons. Treatment effects are described as 

percent change from control (95% CI).  An effect of hormone treatment changing peak force by more than 22 % can thus be excluded with 95 % 

confidence. 
 

a 
different from healing control (p<0.05) 

 

Healing side 

Loaded healing  Unloaded healing 

Control Growth 

hormone 

Treatment effect 

(%) 

Control Growth 

hormone 

Treatment effect 

(%) 

Mean ±SD Mean ±SD 95 % CI Mean ±SD Mean ±SD 95 % CI 

Cross sectional area 

(mm
2
) 

9.4 ± 1.8 8.5 ± 1.6 -28 to 70 5.7 ± 0.6 5.7 ± 1.1 -14 to 15 

Peak force (N) 37 ± 5.3 33 ± 5.7 -22 to 5.2 11 ± 2.1 11 ± 2.5 -18 to 22 

Peak stress (MPa) 4.0 ± 1.0 4.0 ± 0.8 -22 to 22 2.0 ± 0.44 2.0 ± 0.38 -18 to 21 

Stiffness (N/mm) 9.3 ± 1.4 7.8 ± 1.0
a
 -28 to 4.1 6.2 ± 1.1 6.0 ± 0.91 -17 to 13 

Elastic modulus (MPa) 15 ± 3.7 15 ± 4.2 -25 to 25 6.2 ±  1.4 6.0 ± 1.2 -22 to 17 

Intact side  (loaded) 

Cross sectional area 

(mm
2
) 

1.3 ± 0.2 1.3 ± 0.3 -15 to 23 1.6 ± 0.3 1.8 ± 0.6 -18 to 40 

Peak force (N) 54 ± 6.4 59 ± 4.8 -1.2 to 19 55 ± 11 58 ± 6.8 -9.5 to 22 

Peak stress (MPa) 42 ± 9.1 46 ± 13 -16 to 33 36 ± 7.8 37 ± 13 -25 to 32 

Stiffness (N/mm) 28 ± 4.7 25 ± 1.7 -23 to 50 28 ± 3.9 27 ± 2.7 -15 to 7.5 

Elastic modulus (MPa) 140 ± 37 140 ± 39 -21 to 29 134 ± 36 129 ± 37 -29 to 22 



hormone treatment (p=0.01, table 1) but there were no differences in the material properties 

(peak stress and elastic modulus) between the groups.  

In the intact tendons, no effects of Growth Hormone were seen regarding mechanical 

properties (peak force and stiffness) or material properties. The cross sectional area was also 

unaffected.   

 

In contrast to the absent effects on tendon, Growth Hormone treatment had a clear over-all 

anabolic effect on the rats, with a more rapid weight gain (p=0.004), heavier calf muscle 

(p=0.009, table 2), and increased weight of the tibia (p= 0.003, table 2) and femur (p= 0.05, 

table 2). 

 

Unloaded tendons 

Unloading the healing tendons markedly reduced the strength of the callus tissue. The peak 

force only reached one third of the values measured for the loaded tendons (p<0.0001, table 

1). Stiffness, peak stress and elastic modulus were similarly decreased (p<0.001 for all 

parameters, table 1) by unloading.  

 

Growth Hormone was not seen to affect the healing of unloaded tendons. The 95 % 

confidence interval for the difference between group means excludes more than 22 % 

increase in peak force after Growth Hormone treatment (Table 1). Also the stiffness, peak 

stress and elastic modulus appeared unaffected.  

 

No effect was seen on the intact tendons; GH-treatment did not induce any measurable 

changes in mechanical or material properties. 



Table 2.  Muscle and bone data from treated and untreated rats. Treatment effects are described as percent change from control (95% CI). 

b 
different from control (p<0.05) 

 

Intact side (loaded) 

Loaded group  Unloaded group 

Control Growth 

hormone 

Treatment effect 

(%) 

Control Growth 

hormone 

Treatment effect 

(%) 

Mean ±SD Mean ±SD 95 % CI Mean ±SD Mean ±SD 95 % CI 

Calf muscle weight 

(g) 

3.7 ± 0.3
 

4.1 ± 0.3
b 

3.2 to 21 4.4 ± 0.2 5.2 ± 0.3
b
 13 to 24 

Tibia weight (mg) 450 ± 17 490 ± 32
b 

3.5 to 13 404 ± 24 416 ± 22 -1.2 to 12 

Tibia length (mm) 34 ± 0.5 34 ± 0.5 -0.3 to 3.2 34 ± 0.4 35 ± 0.5
b
 1.2 to 4.2 

Femur weight (mg) 563 ± 31 590 ± 26
b 

0.05 to 10 505 ± 33 531 ± 35 -2.4 to 8.3 

Femur length (mm) 29 ± 0.2
 

29 ± 0.5
 

-0.3 to 2.3 28 ± 0.4 29 ± 0.5
b
 0.3 to 2.8 



Like in the loaded groups, Growth Hormone had an overall anabolic effect. The treated rats 

gained weight more rapidly (p<0.0001) and their left calf muscle (unoperated leg) was 

heavier (p<0.0001, table 2). The length of tibia (p=0.016, table 2) and femur (p=0.001, table 

2) were also increased. 

 



Discussion 

Our results show that a Growth Hormone treatment regimen, which has clear and significant 

effects on bone and muscle, had no effects (or possibly a negative effect) on early tendon 

healing. However, our results agree with results demonstrated for healing ligaments [21]. 

 

In early tendon repair, local treatment with IGF-1 can improve healing. It was therefore 

reasonable to hypothesize that systemic Growth Hormone treatment might be efficacious, 

since it mainly exerts its effects via an increased local or systemic IGF-1 level. The negative 

results cannot be explained by a low power, since even a small positive effect could be 

excluded with 95 % confidence (5 and 22 %, respectively). Neither could the explanation be 

an inadequate dose, since several positive effects were seen in muscle and bone. Moreover, a 

previous study   has shown that Growth Hormone improves fracture healing in rats when 

using the current dose [4]. The remaining explanation to our results could therefore be that, 

for stimulation of tendon healing, pharmacological concentrations of IGF-1 are needed, and 

that the given Growth Hormone doses are unable to produce the required local increase in 

IGF-1 concentrations. However, this hypothesis should be tested by gene and protein 

expression studies.  The absent effect on uninjured tendons was expected, as their lower 

turnover rate is likely to make them less responsive.  

 

Mechanical stimulation is important for healing [13, 15, 25]. Botox can be used to reduce 

loading, and acts specifically on the neuromuscular junction. Reducing mechanical 

stimulation by paralyzing the calf muscles with Botox reduced the strength of the healing 

tendon by two thirds. Still, no effects of Growth Hormone were observed. This suggests that 

Growth Hormone or IGF-1 is not essential for the mechano-regulation of this healing process, 

or that they cannot substitute for lack of mechanical stimulation. The effects observed by 



others in vitro and with local treatment in vivo might therefore possibly represent 

pharmacological concentrations, unrelated to physiological processes.  

 

Growth Hormone can stimulate fracture repair in rats, and the early phase of fracture repair is 

similar to tendon healing in that it consists of inflammation and formation of a granulation-

like tissue. Our results therefore suggest that Growth Hormone might not stimulate these 

early processes, but exerts its effects in fractures mainly during later stages of repair, 

characterized by bone formation and remodeling. 

 

Growth Hormone is being used for doping athletes, and it is conceivable that athletes are also 

given Growth Hormone when injured. As regards injuries to tendon, and probably ligament, 

our results suggest that such treatment is not only offensive, but also meaningless for 

promoting early tendon repair.  
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