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Abstract

Introduction This experimental study was performed to
assess, whether or not, vitamin C, required during the colla-
gen synthesis, would influence the Achilles tendon healing
in a healthy rat model.

Materials and methods The right Achilles tendons of 42
healthy female Wistar Albino rats were completely rup-
tured. The rats were randomly divided into the vitamin C
and control groups and both groups included third, tenth
and twenty-first day subgroups. One hundred and fifty
milligrams (1.5 cc) of vitamin C and 1.5cc % 0.9 NaCl
were injected once for every 2 days for the vitamin C and
control groups, respectively. Qualitative and quantitative
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microscopic comparisons of the repair tissues of both
groups were made on the mentioned days.

Results  Angiogenesis was more evident on the third day
in the vitamin C group. There was a significant difference
between the control and vitamin C groups regarding the
type I collagen production on the tenth day. The structure
of the repair tissue was almost in the form of regular dense
connective tissue at the end of twenty-first day in the vita-
min C group. Mean collagen fiber diameter was consider-
ably higher, and the number of active fibroblasts in the
repair tissue was slightly elevated in the vitamin C group
during the entire healing process.

Conclusion High-dose vitamin C supplementation once
for every 2 days has stimulating effects on the Achilles
tendon healing because of early angiogenesis and
increased collagen synthesis in a healthy rat model. Fur-
ther studies are needed to make clear the mentioned
encouraging effects of the vitamin C on the Achilles
tendon healing.

Keywords Achilles tendon - Tendon healing -
Vitamin C - Type I collagen - Fibroblast

Introduction

Tendons are composed of parallel bundles of collagen
fibers (primarily type I) and rows of fibroblasts situated
between these bundles. The most important function of the
type I collagen, the main functional component of tendons,
is to provide resistance to force, tension and stretch [11].
The Achilles tendon, formed by the merging of the tendons
of the gastrocnemius and soleus, is the thickest and stron-
gest tendon in the human body. Achilles tendon rupture is
still a challenging problem, and the peak annual incidence
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of Achilles tendon rupture has been reported as 18 per
100,000 in the Scandinavian population [9].

The course of the tendon healing depends on several
factors such as age, nutrition, systemic diseases, hor-
mones, infections and vitamins. The results of some pre-
vious experimental studies have shown that the Achilles
tendon healing can be improved by using several methods
such as local injection of growth factors [2, 17], mesen-
chymal stem cells [5] or platelet concentrate [3] at the
repair site, local application of extracorporeal shock wave
therapy [10] or systemic use of some anti-inflammatory
drugs [6]. The ascorbic acid requirement for proline and
lysine hydroxylase activity during the collagen synthesis
is well known, and the importance of this vitamin for
matrix proteoglycan synthesis has previously been
reported [1, 12]. However, an experimental or clinical
study analyzing the relationship between the vitamin C
use and the Achilles tendon repair process has not been
performed yet. The authors initially hypothesized that
vitamin C therapy could influence the Achilles tendon
healing due to its essential function in the collagen
synthesis and decided to assess whether or not high-dose
supplementation of vitamin C would lead microscopic
alterations in the Achilles tendon healing in a healthy
animal model.

Materials and methods
Animals and tendon rupture pattern

In this study, principles of laboratory animal care and spe-
cific national laws were strictly followed. This study was
initially approved by the local institutional board of ethics.
Forty-two, 3-month-old, female, nonpregnant Wistar albino
rats with a mean weight of 194 + 19 g (153-209 g) were
randomly divided into two groups as “vitamin C” and “con-
trol.” Then, both groups were randomly divided into three
groups as “third day,” “tenth day” and “twenty-first day”
(seven rats for each subgroup). Vitamin C and control
groups were similar with respect to their mean weights. The
rats were kept under standardized conditions with free
access to rat food and water.

Under intramuscular ketamine (200 mg/kg) plus xyla-
zine (1 mg/kg) anesthesia, complete rupture of the right
Achilles tendon was performed by creating multiple percu-
taneous holes by full-thickness insertion of an 18-G needle
through the Achilles tendon just 1 cm proximal to its inser-
tion into the calcaneus and then applying forceful manual
dorsiflexion of the ankle joint until the sensation of com-
plete rupture of the tendon was felt. Immobilization was not
used following the rupture, and the rats were allowed to
move freely in their cages. Hundred and fifty milligrams of
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vitamin C (1.5 cc) for the “vitamin C group” and 1.5 cc %
0.9 NaCl for the “control” group were applied intraperito-
neally just after the rupture and then once for every 2 days
until the sacrification procedure. Ascorbic acid dose of
150 mg/day was previously considered a high dose in an
experimental study made on 4-month-old guinea pigs [13].
According to the initially determined experimental proto-
col, 14 rats (seven study and seven control) were killed
under intraperitoneal high-dose pentobarbital anesthesia on
the third, tenth and twenty-first days. None of the rats died
before the scheduled killing procedure.

Histological procedure

Tissue samples, obtained from the control and vitamin C
groups, were fixed for 72 h in 10% neutral formalin solu-
tion and then were applied the routine histological proce-
dure. Three serial histological sections (4-5 um thickness)
from each rat were obtained and were stained with Masson
trichrome to examine the microscopic structure of the
repair tissue. Besides this, immunohistochemical examina-
tion was performed by staining the sections with mouse
monoclonal type I collagen antibody (Oncogene Research
Products, San Diego, CA, USA) to detect the type I colla-
gen production [16].

Morphometric evaluation of the repair tissue between
the ruptured tendon endings was performed at a magnifi-
cation of 40x (Eclipse E 400; Nikon, Kawasaki, Kanag-
awa, Japan). Five randomly selected microscopic areas
from each histological section (15 images per rat) were
evaluated using an image analyzer software (Image-
Pro®Plus; Media Cybernetics, Inc., Silver Spring, MD,
USA) by the first two authors (SO, TP) concomitantly, to
avoid any bias. The mentioned authors did not know the
group and subgroup of any specimens, which they were
investigating.

The entire repair process was evaluated using several
morphometric parameters including structure of the entire
repair tissue, revascularization, type I collagen production,
type I collagen fiber diameter, number of whole fibroblasts
and active fibroblasts.

Grading scale for the morphometric
and immunohistochemical analysis

The structure of the repair tissue was initially graded as
“no connective tissue,” “loose connective tissue,” “irregu-
lar dense connective tissue” or “regular dense connective
tissue.” Revascularization in the repair tissue was initially
graded as “absent,” “few,” “moderate” or “significant.” In
the central zone of the repair tissue, diameters of ran-
domly selected 20 consecutive collagen fibers were mea-

sured in micrometers, and number of whole fibroblasts
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and number of active fibroblasts were recorded in each
sample. Active fibroblast was initially defined as the fibro-
blast having an abundant and irregularly branched cyto-
plasm with an ovoid, large and pale-staining nucleus, fine
chromatin and a prominent nucleolus [8]. Type I collagen
production in the repair tissue was initially graded as
“absent,” “few,” “moderate” or “significant.” Intraob-
server or interobserver validity of the grading scale was
not assessed.

Statistical analysis

The ¢ test for independent samples was used to compare the
collagen fiber diameter means, and the chi-square test and
the Fisher’s exact test were used to compare the entire
repair tissue structure, revascularization, type I collagen
production, total fibroblast and active fibroblast ratios.
A P value less than 0.05 was considered significant.

Results
Third day (Tables 1 and 2, Fig. 1a, b)

The mean collagen fiber diameter (P < 0.001), revasculari-
zation (P=0.01) and the total number of fibroblasts
(P =0.042) were significantly higher in the repair tissue of
the vitamin C group when compared with those of the con-
trol group (Tables 1 and 2, Fig. 1). The number of active
fibroblasts was also somewhat higher in the vitamin C
group (P =0.091). The other investigated parameters were
found to be similar in both groups.

Tenth day (Tables 1 and 2, Fig. 2a, b)
The mean collagen fiber diameter (P <0.001) was signifi-

cantly higher, and type I collagen production (P = 0.021) in
the repair tissue was significantly more noticeable in the

Table 1 Comparison of quali-

tative morphometric parameters Third day Tenth day Twenty-first day
of the control and study groups Control ~ Vitamin C Control ~ Vitamin C Control ~ Vitamin C
in the repair tissue
Structure of repair tissue
No CT 1 - - - -
Loose CT 3 6 5 2 - -
Irregular dense CT - - 2 5 5 2
Regular dense CT - - - - 2 5
P value 0.266 0.286 0.286
Revascularization
Absent - - - 5
Few 2 3 4 2
Moderate - 5 4 3 - -
Significant - - - - - -
P value 0.01%* 1.0 1.0
Type I collagen production
Absent - - - -
Few 7 2 - -
Moderate - - - 5 6 2
CT connective tissue Significant - - - - ! >
* Significant difference P value 1.0 0.021%* 0.103
iﬁtleriorf)ﬁ?izgisgg;gg?eirel;: Third day Tenth day Twenty-first day
of the control and study groups Control Vitamin C  Control Vitamin C  Control Vitamin C
in the repair tissue
Mean collagen fiber 1.9+£0.1 33+£0.1 3.1+£0.1 4.0+£0.1 48+0.1 53+0.1
diameter (1m)
P value <0.001* <0.001* <0.001*
Number of fibroblasts 42 +£20 105+20 148+17 14210 168 +7 142 + 18
Values are mean = standard Pvalue 0.042% 0-778 0.237
error Number of giant fibroblasts 7 + 3 17+ 4 29+7 375 46 £2 67 £ 12
P value 0.091 0.354 0.149

* Significant difference
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Fig. 1 a Third day control group; fibroblasts (fb) and collagen fibers
(co) are seen in the repair tissue; Masson trichrome, x40. b Third day
vitamin C group; when compared with the third day control group, col-
lagen fiber diameter (co) and number of total and active fibroblasts (fb)
are higher and revascularization process (rv) is more evident in the
repair tissue; Masson trichrome, x40

vitamin C group (Fig. 2). No significant difference between the
groups was seen regarding the other investigated parameters.

Twenty-first day (Tables 1 and 2, Fig. 3a, b)

The mean collagen fiber diameter (P < 0.001) was signifi-
cantly higher in vitamin C group (Fig. 3). No significant
difference between the groups was seen regarding the other
investigated parameters. It was observed that the repair tis-
sue was almost in the form of regular dense connective tis-
sue in the vitamin C group.

Discussion

Like the other mesenchymal tissue repair processes, the
tendon repair process has been an attractive topic for the
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Fig. 2 a Tenth day control group; weak type I collagen production is
seen; anti-type-I collagen, x40. b Tenth day vitamin C group; when
compared with the tenth day control group, type I collagen production
(=) is very prominent; anti-type-I collagen, x40

scientists for many years. The authors could not be able to
encounter with an in vivo or clinical study analyzing the
effects of vitamin C on the Achilles tendon healing, which
is still a challenging problem. As vitamin C plays an impor-
tant role in collagen synthesis, its possible helpful effects on
the Achilles healing cannot be underestimated. Moreover, it
was previously stated that optimal flexor tendon mainte-
nance by the vitamin C was dose-dependent in vitro [12].
Based on this observation, the authors chose a high-dose
vitamin C supplementation protocol for better understand-
ing the effects of vitamin C on the Achilles tendon repair
process.

Outcome measures of previous studies, focused on the
tendon healing process following different treatment proto-
cols, are dissimilar [4]. We chose structure of the entire
repair tissue, revascularization, type I collagen production,
type I collagen fiber diameter, number of whole fibroblasts
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Fig. 3 a Twenty-first day control group; the structure of the entire re-
pair tissue is in the form of irregular dense connective tissue; fibro-
blasts (fb) and collagen fibers (co) are seen in the repair tissue; Masson
trichrome, x40. b Twenty-first day vitamin C group; the healing pro-
cess is almost complete and the structure of the repair tissue is in the
form of regular dense connective tissue; Masson trichrome, x40

and active fibroblasts as outcome measures for this experi-
ment, because we believed these were the main issues for
the exact microscopic assessment of the tendon repair tis-
sue. However, we recognized there were several limitations
to our current study. In the present study, single vitamin C
application protocol was performed, but this dose may be
considered very high, and besides this, the effects of differ-
ent dose protocols on the Achilles tendon healing might
have been compared. Besides histopathological examina-
tion, biomechanical examination might have been per-
formed. Moreover, besides the evaluation of the short-term
effects of the vitamin C supplementation, the long-term
effects might have been assessed. The management method
of the Achilles tendon rupture (conservative rather than pri-
mary surgical repair or avoiding immobilization during
conservative treatment) may also be considered one of the

shortcomings of the present study, as this may affect the
healing process. The relevance of this model to the human
condition may be considered dubious, as postrupture regi-
men is hardly applicable to the human situation and vitamin
C is usually administered orally in human medicine.

Fibroblasts initially produce procollagen, and after
secretion of the procollagen from the fibroblast, the final
collagen fibers are formed following several extracellular
events. Vitamin C is needed in the hydroxylation of two
amino acids (proline and lysine), forming the triple helix of
collagen. In case of vitamin C deficiency, the final structure
of the collagen molecule cannot be formed due to lack of
hydrogen bonds [1, 11]. Besides the hydroxylation effect, in
vitro positive effects of vitamin C on type I and III collagen
synthesis, by enhancing the human fibroblasts’ gene tran-
scription and elevating their mRNA levels, have been
shown [14]. In the present study, the active fibroblasts, the
markers of the intracellular production (procollagen synthe-
sis), were slightly more intensified in the repair tissue dur-
ing the entire healing process in the vitamin C group.
Moreover, type I collagen expression, determined by the
immunohistochemical examination and an objective
parameter of the type I collagen concentration in the repair
tissue, was more evident on the tenth day in the vitamin C
group.

The diameter of the collagen fiber differs in size, but in
dense regular connective tissue of a tendon that is subject to
considerable stress, such as the Achilles tendon, it necessar-
ily increases [11]. The diameter of the collagen fibers in the
Achilles tendon was previously found decreased (36%)
with respect to control group in healthy human Achilles
tendon ruptures [7]. These observations can emphasize the
close relationship between the mass of the collagen fibers
and the occurrence of the Achilles tendon rupture. The find-
ings of the present study revealed that the diameter of colla-
gen fibers were considerably higher in the vitamin C group
than that in the control group, which would lead to
improvement in the strength of the repair tissue during the
entire repair process.

It is well known that increased blood supply enhances
the repair process in all kind of mesenchymal tissues. The
beneficial effects of ascorbic acid on angiogenesis by
enhancing the collagen type IV synthesis by human endo-
thelial cells was previously stated [15]. In the present study,
angiogenesis process was more evident in the vitamin C
group than was in the control group at the early stage of the
healing process.

In the present study, the structure of the repair tissue in
the vitamin C group was nearly one grade away from the
one in the control group on third, tenth and twenty-first
days. At the end of twenty-first day, the structure of the
repair tissue in the vitamin C group was almost in the form
of regular dense tissue that is the main structure of a
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tendon. On the other hand, the structure of the repair tissue
in the control group was mostly in the form of irregular
dense tissue that is the main structure of the late repair tis-
sue in tendon healing. These findings may also be consid-
ered the indicators of the accelerative effect of the vitamin
C on the Achilles tendon healing process.

The main advantages of the vitamin C use are that, it is
cheaper and has no major adverse effects except its dose-
and time-dependent in vitro and in vivo mutagenic effects
[13]. However, there are only experimental studies, indicat-
ing the effectiveness of vitamin C on the tissue repair proce-
dure, but not any controlled clinical studies. Based on the
encouraging results of the present experimental study, it
cannot be possible to recommend the routine use of the
vitamin C in the daily clinical practice. Further prospective,
randomized, double-blinded clinical studies with long-term
follow-up are needed to clarify the stimulating effect of the
vitamin C on the Achilles tendon healing in humans.

In conclusion, parenteral supplementation of high-dose
vitamin C once for every 2 days accelerates the Achilles
tendon healing in a healthy rat model. The microscopic
qualitative and quantitative improvement in the repair pro-
cess, caused by the vitamin C use, appears to depend on the
enhancement of angiogenesis at the early stage and of type
I collagen synthesis during the entire repair process.
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