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Abstract
Objective- To determine the effect of collagen type I on hydroxyproline content in
Achilles tendon in dogs.
Design- Experimental in vivo study.
Animals- A total of 12 adult dogs.
Procedure- Under general anesthesia and aseptic condition the dorsal surface of
right Achilles tendon was exposed and after complete separation of connective
tissue, it was splitted (striking 10 times) in full thickness in longitudinal fashion of
3cm in length in the mid-tendon area using BP blade no 15 in each one. These
animals were divided into two groups of control (untreated) and experiment (treated
with collagen type I) having 6 animals each. The hydroxyproline concentration was
measured by modified spectrophotometer method by collecting samples from mid
splitted area of injured and normal tendons of each animal from treated and
untreated tendons on 30 in three dogs in each group and 90 days in remaining
animals after surgery. The collected data was analyzed using student t-test at
P<0.05% significant level.
Results- There was significant differences between hyroxyproline contents of
treated tendon with that of control ones. The normal values of hydroxyproline
content in control group was 97.66mg/g of dry matter (DM), whereas it was
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42.33mg/g of DM after one month and 62.06mg/g of DM after end of 3 months.
These data were 97.66mg/g of DM for normal tendon and 52mg/g of DM and
83.4mg/g of DM respectively for one and three months in experimental group
(P<0.05%). This study suggests using hydroxyproline content as a direct marker of
the effect of collagen type I on collagen content in injured tendon.
Conclusion and Clinical Relevance- The results of this study indicated that
addition of collagen type I as a local stimulator on severely injured or extensive
lesion of Achilles tendon in dog will be highly useful in enhancing hydroxyproline
content in the treated tendon.
Key words- Hydroxyproline, Collagen Type I, Achilles tendon, Dog.

Introduction
Injuries to tendons, ligaments and other soft tissues may result in complications requiring
long-term rehabilitation.1, 2 Degenerative changes and excessive mechanical forces may be
considered additional uncontrolled reasons for unnoticed rupture of tendon like Achilles.3, 4
The lesion produced in the tendon varies markedly from partial to complete disruption of the
tissues and renders the affects limbs unfit for normal functioning.5 Surgical repair of a severed
Achilles tendon has been reported in dogs and cats6, but efficient physiotherapeutic
techniques are necessary for early return of normal function of affected part. However, the
effect of collagen type I in severed Achilles tendon injuries has not been explored in dogs.
Therefore the present study was undertaken to evaluate the hydroxyproline content after local
application of collagen type I on the healing process of this tendon in dogs and its final
correction between functional activity and clinical signs after surgery.
Materials and Methods
The experiment complied with the Islamic Azad University. Science and Research branch
Tehran law on animal experiments and was approved by The Faculty of Specialized
Veterinary Sciences.
The study was conducted on 12 adult male dogs having 25 to 30 Kg body weight with 2 to 3
years of age. The Achilles tendon of the right hind limb was exposed under deep anesthetic
surgery using combinations of acepromazine maleate (0.1mg/kg), ketamine hydrochloride
(5mg/kg. IM) and induction was done with thiopental sodium (10mg/kg) and anesthesia was
maintained using halothane 1-2%. Splitting of Achilles tendons in all dogs was done (striking
10 times) completely in full thickness in longitudinal fashion in about 3cm in length in the
mid-tendon area using Bard Parker blade no 15 in each one. These animals were divided into
two groups of control (untreated) and experiment (treated with collagen type I) having 6 dogs
each which were subdivided into two subgroups of one month and three months duration
with 3 dogs each.. No treatment was given to control one, in experimental group, the injured
area was packed with 100 mg collagen type I fibers and the area was sutured using continuous
pattern with Vicryl 4-0 as routine. Skin was sutured as routine. The hydroxyproline
concentration was measured by modified spectrophotometer method 7, by collecting samples
(5mm in thickness) from mid splitted area of injured and normal tendons of each animal from
treated and untreated tendons on 30 and 90 days after immediate euthanasia. The collected
data was analyzed using student t test at P<0.05% significant level.
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Results
The Achilles tendon was severed completely in longitudinal fashion and splitted using
B.P.blade no15 as to have the worst shape of tendon rupture lengthwise. The degree of
lameness showed by individual dog (12 dogs) was almost identical due to the similarity of the
lesions. Lameness was most apparent during the first 3 days post surgery and then gradually
improved in the treated limb at the 3rd weeks until the time of euthanasia on 30Th days
compare to control group. Swelling at the area of operation varied between individual dogs
but it was less severe in the experimental dogs. The normal values of hydroxyproline content
in control group was 97.66mg/g of dry matter (DM) ,whereas it was 42.33mg/g of DM after
one month and 62.06mg/g of DM after end of 3 months. These data were 97.66mg/g of DM
for normal tendon and 52mg/g of DM and 83.4mg/g of DM respectively for one and three
months in experimental group (P<0.05%) It was quite significantly different between
untreated tendons with that of normal limb of the same animal in control group (Tab 1). This
difference was quite less when treated tendon was compared with that of normal limb (Fig 1)
of the same animal. There was marked increase in hydroxyproline content of treated tendon
using collagen type I when compared to values of control ones (Fig 1).
Table1. The amount of Dry Matter content in the samples
Of tendons in control and treated groups
groups
Sample
numbers

Control

1
2
3

Mean±SD
treated

1
2
3

Mean±SD

Normal
tendon (mg/g
dry matter)

98
94
101
97.66
94
89
93
92

Control
tendon days
٣٠ (mg/g
dry matter)

36.4
43.8
46.8
42.33
47.8
55.8
52.4
52

Control
tendon in
days٩٠
(mg/g dry
matter)
62.6
59.2
64.4
62.06
80.8
82.6
86.8
83.4

Differences
between
normal and
groups in 30
days
(mg/g dry
matter)
61.6
2.50
53.2
55
2.42
2.33
6.40
38.66

Differences
between
normal and
groups in 90
days (mg/g
dry matter)
35.4
34.8
36.6
35.6
2.13
4.6
2.6
8.6

Figure 1. Showed the amount of hydroxyproline (mg/g of dry matter)
normal, control and treated tendons on day 30 and 90 days
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Discussion
The purpose of this study was to determine local effect of collagen type I on the severed
Achilles tendon injury. The treated limb showed higher level of clinical satisfaction and
functional behavior on third weeks of treatment as compared to untreated limbs. The effects
of collagen type I in experimental animals induced tendopathy in the splitted area indicated
the higher level of local reaction for speeding up healing as compared to that of control one.
The data collected from hydroxyproline analysis positively showed significant differences
between these groups. This was a very narrow difference within in group II.8 Tendon injuries
are often accompanied by injury to surrounding soft tissues or bone; consequently, healing
does not take place in an isolated environment. An important factor is whether a tendon heals
without formation of adhesions to adjacent tissues, resulting in decreased gliding function.9
As to reduce the local site effects and accelerate local stimulation as far as accumulation of
collagen fibers and early reorganization, local impaction of collagen type I showed, it resolves
inflammation, increases tenocyte proliferation and side by side restored tendon integrity
correlated to clinical signs of having full limbs weight bearing. The findings in this study
provided evidence that tendonitis repair (splitted area) due to increased
fibroblastic/tenoblastic activity.10 cumulatively increased in hydroxyproline content has direct
correlation in early maturation of fibroblasts and early parallel arrangement of collagen fibers
and bundle formation.11, 12 The similar findings has been reported by sharifi et al13 concerning
the effect of direct application of transcutaneous electrical stimulation on hydroxyproline
content in tendon of horses and Robert et al14 regarding the positive effect of shock wave
therapy (SW) on adult tendon in rat which led to increase in mitogenic and anabolic responses
of tendon tissue that brought about the clinical success of using SW treatment in resolving
tendonitis. No doubt the etiology of tendonitis is multifactor including avascular changes,
degenerative changes and metabolic disturbances, neural factors and neovascularization14, 15
but the acute swelling, inflammation and matrix destruction in tendon are similar to those
seen in naturally occurring tendon injuries16. There was a significant increase in collagen
production with a model of an accelerated rate of collagen turning over and had a direct effect
on biochemical properties of the tissue.13 Early studies by Gigante et al17and Heidia Eriksen et
al18 showed a correlation exists among number of collagen fibrils, size, their organization, and
mechanical strength. The amount of regenerating tendons considered to be good indication for
relationship between mechanical strength and the absolute amount of collagen being
determined as biochemical thought assays for hydroxyproline content in this study, whereas
reported findings relied on the collagen profiles of mature tendons19,20. Application of
collagen type I shown to have beneficial effects when applied to healing tendon. There was a
significant increase in collagen production with a model of an accelerated rate of collagen
turnover .In the treated tendon .it had a direct effect on biochemical properties of the tissue.
Early studies by, Parry et al (1978)21 and Flint et al (1984)22 showed a correlation among
collagen fibril organization, size and number of and biochemical strength. These previously
published paper studies relied on the collagen the collagen profiles of mature tendons,
whereas in this study, the amount of regenerating tendons as the relationship between
biomechanical strength and the absolute amount of collagen as determined biochemical
thought assays for hydroxyproline content. The results of this study reported here, indicated
that direct application of collagen type I on severely injured or extensive lesion of tendons
will be highly useful in enhancing hydroxyproline content in the treated tendon.
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Conclusion
This study indicates that direct application of local impaction of collagen type I fibers into
severely injured or extensive lesion of tendon will be highly useful and enhance
hydroxyproline content in the treated tendon. This study suggests using hydroxyproline
content as a direct marker of the effect of local use of collagen content in injured tendon.
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ﭼﻜﻴﺪه
ﺑﺮرﺳﻲ اﺛﺮ ﻛﻼژن ﺗﻴﭗ  1ﺑﺮروي ﻣﻘﺎدﻳﺮ ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ در
ﺿﺎﻳﻌﺎت ﺗﺠﺮﺑﻲ ﺗﺎﻧﺪون آﺷﻴﻞ در ﺳﮓ
4

ﻣﺠﻴﺪ اﺑﺮاﻫﻴﻤﻲ ﺣﺎﻣﺪ ،1داود ﺷﺮﻳﻔﻲ*، 2ﻏﻼﻣﺮﺿﺎ ﻋﺎﺑﺪي ﭼﻢ ،3ﻋﻠﻲ رﺳﻮﻟﻲ ،2ﻏﻼﻣﺮﺿﺎ ﺷﻤﺲ
 1داﻧﺸﮕﺎه آزاد اﺳﻼﻣﻲ ،واﺣﺪ ﻋﻠﻮم و ﺗﺤﻘﻴﻘﺎت ﺗﻬﺮان ،رزﻳﺪﻧﺖ ﺟﺮاﺣﻲ داﻣﭙﺰﺷﻜﻲ ،ﺗﻬﺮان ،اﻳﺮان.
 2داﻧﺸﮕﺎه ﺗﻬﺮان اﻋﻀﺎء ﻫﻴﺎت ﻋﻠﻤﻲ ،داﻧﺸﻜﺪه داﻣﭙﺰﺷﻜﻲ ،ﺗﻬﺮان ،اﻳﺮان.
 3داﻧﺸﮕﺎه آزاد اﺳﻼﻣﻲ ،واﺣﺪ ﻋﻠﻮم و ﺗﺤﻘﻴﻘﺎت ﺗﻬﺮان ،ﮔﺮوه ﺟﺮاﺣﻲ داﻣﭙﺰﺷﻜﻲ ،ﺗﻬﺮان ،اﻳﺮان.
 4ﻛﺎرﺷﻨﺎس آزﻣﺎﻳﺸﮕﺎه ﻓﺎرﻣﺎﻛﻮﻟﻮژي داﻣﭙﺰﺷﻜﻲ ،داﻧﺸﻜﺪه داﻣﭙﺰﺷﻜﻲ ،داﻧﺸﮕﺎه ﺗﻬﺮان ،ﺗﻬﺮان ،اﻳﺮان.

ﻫﺪف -ﺑﺮرﺳﻲ اﺛﺮات ﻣﻮﺿﻌﻲ ﻛﻼژن ﺗﻴﭗ  1در ﺗﺴﺮﻳﻊ اﻟﺘﻴﺎم ﺿﺎﻳﻌﺎت ﺗﺎﻧﺪون آﺷﻴﻞ ﺑﺎ اﺳﺘﻨﺎد ﺑـﺮ ﻣﻘـﺎدﻳﺮ ﻫﻴﺪروﻛﺴـﻲ ﭘـﺮوﻟﻴﻦ
ﺑﺎﻓﺘﻲ ﺗﺎﻧﺪون آﺷﻴﻞ ﺳﮓ.
ﻃﺮح ﻣﻄﺎﻟﻌﻪ -ﻣﻄﺎﻟﻌﻪ ي ﺗﺠﺮﺑﻲ.
ﺣﻴﻮاﻧﺎت -در اﻳﻦ ﻣﻄﺎﻟﻌﻪ از 12ﻗﻼده ﺳﮓ ﺑﺎﻟﻎ در دو ﮔﺮوه آزﻣﻮن و ﻛﻨﺘﺮل ) ﺷﺶ ﻗﻼده در ﻫﺮ ﮔﺮوه( اﺳﺘﻔﺎده ﺷﺪ.
روش ﻛﺎر -ﺗﺤﺖ ﺑﻴﻬﻮﺷﻲ ﻋﻤﻮﻣﻲ و ﺷﺮاﻳﻂ ﻛﺎﻣﻞ آﺳﭙﺘﻴﻚ ﺟﺮاﺣﻲ ،ﺳﻄﺢ ﭘﺸﺘﻲ ﺗﺎﻧﺪون آﺷـﻴﻞ اﻧـﺪام راﺳـﺖ از ﻃﺮﻳـﻖ ﺑـﺮش
ﺟﺮاﺣﻲ در ﻣﻌﺮض ﻗﺮار ﮔﺮﻓﺘﻪ و ﭘﺲ از ﺟﺪاﺳﺎزي ﻛﺎﻣﻞ ﺑﺎﻓﺖﻫﺎي ﻫﻤﺒﻨﺪي ﻣﻮﺿﻊ ﺑﺮش ﻃﻮﻟﻲ ﺑﻪ اﻧﺪازه ي ﺳﻪ ﺳﺎﻧﺘﻴﻤﺘﺮ ﺑﺼـﻮرت
ﺗﻤﺎم ﺿﺨﺎﻣﺖ و ﺑﻪ ﺗﻌﺪاد  10ﺷﻜﺎف ﺗﻮﺳﻂ ﺗﻴﻎ ﺑﻴﺴﺘﻮري ﺷﻤﺎرهي  15ﺑﺮروي آن اﻳﺠﺎد ﮔﺮدﻳﺪ .اﻳﻦ ﺣﻴﻮاﻧﺎت ﺑﻪ دو ﮔـﺮوه ﺷـﺶ
ﺗﺎﺋﻲ ﻛﻨﺘﺮل و آزﻣﻮن ) ﮔﺮوه درﻣـﺎن ﺑـﺎ ﻛـﻼژن ﺗﻴـﭗ ﻳـﻚ ( ﺗﻘﺴـﻴﻢ ﺑﻨـﺪي ﺷـﺪﻧﺪ .ﻏﻠﻈـﺖ ﻫﻴﺪروﻛﺴـﻲ ﭘـﺮوﻟﻴﻦ ﺗﻮﺳـﻂ روش
اﺳﭙﻜﺘﺮوﻓﺘﻮﻣﺘﺮي ﻣﻮدﻳﻔﺎﻳﺪ از ﻃﺮﻳﻖ ﺟﻤﻊ آوري ﻧﻤﻮﻧﻪﻫﺎﺋﻲ از ﻣﻴﺎن ﻛﺎﻧﻮنﻫـﺎي ﺷـﻜﺎف داده ﺷـﺪه ي ﺿـﺎﻳﻌﻪ ي ﺗﺎﻧـﺪوﻧﻲ و ﻧﻴـﺰ
ﺗﺎﻧﺪونﻫﺎي ﺳﺎﻟﻢ در روز ﺳﻲام در ﺳﻪ ﻗﻼده در ﻫﺮ ﮔﺮوه و روز ﻧﻮد در ﺳﻪ ﻗﻼدهي دﻳﮕﺮ ﻫﺮ ﻳﻚ از ﮔﺮوهﻫـﺎي آزﻣـﻮن و ﻛﻨﺘـﺮل
ﻣﻮرد ارزﻳﺎﺑﻲ ﻗﺮار ﮔﺮﻓﺖ .دادهﻫﺎ ﺗﺤﺖ اﻧﺎﻟﻴﺰ آﻣﺎري ﺑﺎ اﺳﺘﻔﺎده از  student T testدر  P<0/05ارزﻳﺎﺑﻲ ﺷﺪﻧﺪ.
ﻧﺘﺎﻳﺞ -اﺧﺘﻼﻓﺎت ﺑﺎرزي ﺑﻴﻦ ﻣﻘﺎدﻳﺮ ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ ﺗﺎﻧﺪونﻫﺎي درﻣﺎن ﺷﺪه در ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﮔﺮوه ﻛﻨﺘﺮل وﺟﻮد داﺷﺖ .ﻣﻘـﺎدﻳﺮ
ﻧﺮﻣﺎل ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ در ﮔﺮوه ﻛﻨﺘﺮل  97/66 mg/gﻣﺎده ﺧﺸﻚ ﺑﻮد در ﺣﺎﻟﻴﻜﻪ اﻳﻦ ﻣﻘﺪار ﺑﻌﺪ از ﻳﻚ ﻣـﺎه ﺑﺮاﺑـﺮ ﺑـﺎ mg/g

 42/33ﻣﺎدهي ﺧﺸﻚ و ﺑﻌﺪ از ﺳﻪ ﻣﺎه ﺑﻪ  62/06 mg/gﻣﺎدهي ﺧﺸﻚ رﺳﻴﺪ .ﻣﻘﺪار اﻳﻦ داده در ﮔﺮوه آزﻣﺎﻳﺶ 97/66 mg/g
ﻣﺎدهي ﺧﺸﻚ ﺑﻮد ﻛﻪ ﺑﺘﺮﺗﻴﺐ ﺑﻌﺪ از ﻳﻚ و ﺳﻪ ﻣﺎه ﺑﻪ  52mg/gو  83/4mg/gﻣﺎدهي ﺧﺸﻚ رﺳﻴﺪ ) .(P< 0/05%اﻳﻦ ﻣﻄﺎﻟﻌﻪ
ﻧﺸﺎن داد ﻛﻪ ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ ﺑﻌﻨﻮان ﻳﻚ ﻧﻤﺎﻳﻪﮔﺮﻣﺴﺘﻘﻴﻢ از اﺛﺮ ﻛﻼژن ﺗﻴﭗ  1ﺑﺮروي ﻣﺤﺘﻮﻳﺎت ﻛﻼژن در ﺗﺎﻧﺪون آﺳﻴﺐ دﻳﺪه
ﻣﻲﺑﺎﺷﺪ.
ﻧﺘﻴﺠﻪ ﮔﻴﺮي و ﻛﺎرﺑﺮد ﺑﺎﻟﻴﻨﻲ -ﻧﺘﺎﻳﺞ اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن داد ﻛﻪ اﻓﺰودن ﻛﻼژن ﺗﻴﭗ ﻳﻚ ﺑﻌﻨﻮان ﻳـﻚ ﻣﺤـﺮك ﻣﻮﺿـﻌﻲ ﺑـﺮروي
آﺳﻴﺐﻫﺎي ﺷﺪﻳﺪ ﻳﺎ ﺿﺎﻳﻌﺎت ﮔﺴﺘﺮدهي ﺗﺎﻧﺪﻧﻲ آﺷﻴﻞ ﺳﮓ در ﺟﻬﺖ اﻓﺰاﻳﺶ ﻣﻘﺎدﻳﺮ ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ ﺑﺴﻴﺎر ﻣﻮﺛﺮ واﻗﻊ ﻣﻲﺷﻮد.
ﻛﻠﻴﺪ واژﮔﺎن -ﻫﻴﺪروﻛﺴﻲ ﭘﺮوﻟﻴﻦ ،ﻛﻼژن ﺗﻴﭗ  ،1ﺗﺎﻧﺪون آﺷﻴﻞ ،ﺳﮓ.
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