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Objective: The aim of the present study was to evaluate histopathological and biomechanical effects of
isotretinoin on Achilles tendon.
Materials & methods: Sixteen rats were divided into two groups including the control group (n = 8) and
isotretinoin group (n = 8). The control group received 1.42 ml/kg soy oil per day whereas the isotretinoin
group received 15 mg/kg/day (gavage dose 1.42 ml/kg) isotretinoin dissolved in soy oil through gavage
method for 6 weeks. Achilles tendons were excised at the end of week 6. The tendon samples were
evaluated by hematoxylin-eosin under a light microscope. Quantitative evaluation was performed via
Movin and Bonar scoring. A computer-monitored tensile testing machine was utilised for biomechanical
testing. Biomechanical characteristics of the tendon samples (elastic modulus, yield force, ultimate
tensile force) were measured.
Results: Histopathological evaluation revealed a significantly higher Movin and Bonar scores in histo-
pathological evaluation. Movin score in isotretinoin group was 4.1 + 2.5 and it was 2.3 + 1.0 in control
group (p = 0.032). Bonar score in isotretinoin group was 2.9 + 1.4 and it was 1.6 + 0.7 in control group
(p = 0.022). In line with histopathological evaluation, biomechanical measurements in isotretinoin group
(elastic modulus, yield force, ultimate tensile force) were significantly lower than the control group. Elastic
modulus in isotretinoin group was 227 + 27.7 N/mm? and in control group it was 281.7 + 38.7 N/mm?
(p = 0.006). In isotretinoin group; yield force was 33.7 + 4.3 Pa and in control group it was 40.8 + 5.9 Pa
(p = 0.021). Ultimate tensile force in isotretinoin group was 35.7 + 4.2 Pa and in control group it was
44 + 7 Pa (p = 0.009).
Conclusion: The present study detected histopathological and biomechanical negative effect of isotreti-
noin on Achilles tendon. Therefore, isotretinoin should be questioned in medical history of patients with
tendinopathy.
© 2018 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Introduction

Isotretinoin (13-cis retinoic acid) is one of the commonly used
medications by dermatologists for treatment of severe and
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Although there are studies on development of tendinopathy due
to drug use, mechanism could not be explained clearly. There are
comprehensive histopathological and biomechanical studies related
to tendinopathy development depending on quinolone antibiotics
and statins.”~> Several case reports exist for isotretinoin-dependent
tendinopathy, entesopathy, myopathy.5—

Our hypothesis which constitute a basis for the present study is
possible negative effect of isotretionin on tendon biology. As far as
we know, there is not any comprehensive histopathological and
biomechanical study searching effects of isotretinoin on tendons in
the literature. Therefore, we aimed to perform a histopathological
and biomechanical effects of oral isotretinoin in the rats.

Materials & methods
Animals and treatment

Before commencement of the study, approval of ethical com-
mittee for animal experiments was obtained (2015/142).

In the present study, 16 male Sprague Dawley rats which are
4—6 months old with a body weight of 350—400 g were used. The
rats were kept under conventional conditions (temperature 22+-
2 °C; relative humidity 55+--10, dark—light cycle of 12 h, one rat per
cage) and were fed with standard pellet and water ad libitum.
Sixteen rats were divided into two groups including 8 rats in each
group: one untreated control groups and one treatment group
(isotretinoin). Isotretinoin is commercially available in retail phar-
macies. Capsule form of isotretinoin were opened and transferred
to volumetric flasks and diluted with soybean oil to obtain sus-
pension at desired concentration.'® All drug preparations were
conducted in a darkened room and amber bottles were used for
storage. The control group received soybean oil only (1.42 ml/kg)
whereas isotretinoin group received 15 mg/kg/day (1.42 ml/kg)
isotretinoin dissolved in soybean oil through gavage once a day.
Studies that evaluate compatible serum isotretinoin concentration
to human treatment dose have been refered while determining the
doses. Serum isotretinoin concentration was not measured in our
study.'®!" This procedure was conducted for 6 weeks and at the end
of week 6, all rats were sacrificed through high dose anesthesia
(150 mg/kg pentobarbital). Achilles tendons of all rats were excised
with calcaneus bones. Left achilles tendons of 16 rats was used for
histopathological evaluation; and right achilles tendons were used
for biomechanical evaluation.

Histopathological examination

Eight left achilles tendons in isotretinoin group; eight left
achilles tendons in control group were evaluated histopathologi-
cally. The Achilles tendon samples were fixed in a 10% buffered
formalin for 24 h. After fixation, macroscopically transverse sec-
tions were obtained at 2 mm intervals from each tendon sample as
complete. Three pm-thick sections obtained from paraffin blocks
were prepared by routine tissue processing and they were stained
with haematoxylin-eosin (H.E), Masson's trichrome (MT) and
Alcian blue (pH 2.5). The slides were examined under a Standard
light microscopy (Olympus, BX51,Tokyo, Japan). Interpretation of
the slides was performed by semi-quantitative grading scale of
Movin and Bonar score for tendon abnormalities.'>!3

The variables included into Movin scale are as follows; 1- fiber
structure; 2- fiber arrangement; 3- rounding of the nuclei; 4-
regional variations in cellularity; 5- increased vascularity; 6-
decreased collagen staining; 7- hyalinization; and 8- GAG content.
Each variable is scored between 0 and 3, where 0 represents normal
state, 1 represents a slightly abnormal state, 2 for an abnormal state
and 3 for markedly abnormal states. The H.E-stained slides were

used to assess the first five and seventh variables; Alcian blue-
stained slides were used to assess GAG content and Masson's
trichrome-stained slides were used to assess the substance of
collagen. The total semi-quantitative histological score for a given
slide could vary between 0 (normal tendon) and 24 (the most se-
vere abnormality detectable).

The variables of Bonar scale include the following; 1- tenocytes;
2- ground substance; 3-collagen; and 4- vascularity. A four-point
scoring system where O indicates a normal appearance and 3 in-
dicates a markedly abnormal appearance was used. Overall, the
total score for a given slide could vary between 0 (normal tendon)
and 12 (the most severe abnormality detectable).

Biomechanical examination

Biomechanical tests were conducted at Department of Me-
chanical Engineering of Technical University in my country. Eight
right achilles tendons in isotretinoin group; eight right achilles
tendons of control group were evaluated biomechanically. The
samples used in the biomechanical study were covered with
serum-soaked gases and frozen at —20 °C until the day of the study.
The samples were thawed in room temperature on the day of the
study. A preliminary study on the screw driven type tensile testing
machine (AG IS-50 KN, Shimadzu, Kyoto, Japan) was performed
(Fig. 1). This device is able to perform computer-assisted mea-
surements with very accurate loads. Under stroke and force control,
the bottom and top portions of the device were fixed with knots to
the proximal and distal sides of Achilles tendon (Fig. 1). Modified
sutures were placed using in either proximal or distal parts of
Achilles tendon which was connected to the pulling device.”> This
connection was made in order to prevent rupture and erosion of the
tendon from the connection site. Under stroke control, the strength
was measured by pulling at a constant velocity by moving the
upper part of the device. This procedure was applied over single
axis on an axial plane. A test velocity 10 mm/min was maintained.
Rupture point of the Achilles tendon was monitored on a computer
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Fig. 1. The pulling device used for the rupture test (AG IS-50 kN,Shimadzu).
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screen and recorded. At the end of the test, strength-elongation
graphics were obtained and documented.

The biomechanical parameters of tendons used are defined as
following: The UTF (Pa) is the force that causes complete rupture of
the tendon. The YF (Pa) is the force preceding the rupture or the
maximum force that causes permanent damage to the tendon. The
EM (N/mm?) is the ratio of the tension to deformation.

Statistical analysis

SPSS 22.0 software program was used for statistical analysis. The
average, Standard deviation, median minimum, median maximum,
frequency and ratio values were used for data descriptive statistics.
The distribution of the variables was measured by the
Kolmogorov—Smirnov test. In the quantitative data analysis, a
Mann—Whitney U test was used. A p value of <0.05 was considered
as statistically significant.

Results

No diseases or severe adverse events were observed in the test
animals during the study period. Elastic modulus values in iso-
tretinoin group was significantly lower than the control group
(p = 0.006). Furthermore, yield force and ultimate tensile force
values were also detected lower with a statistical significance than
the control (p = 0.021, p = 0.009). Elastic modulus in isotretinoin
group was (n = 8) 227 + 27.7 N/mm?and in control group (n = 8) it
was 281.7 + 38.7 N/mm? (p = 0.006). In isotretinoin group; yield
force was (n = 8) 33.7 + 4.3 Pa and in control group it was (n = 8)
40.8 + 5.9 Pa (p = 0.021). Ultimate tensile force in isotretinoin
group was (n = 8) 35.7 + 4.2 Pa and in control group it was (n = 8)
44 + 7 Pa (p = 0.009) (Table 1).

In the histopathological evaluation performed, tenocytes of the
control group usually had spindle shaped nuclei and the cytoplasm
was in distinct (Fig. 2). In some of the experimental group samples,
there was a significant rounding of nuclei and a small amount of
cytoplasm was visible (Figs. 3 and 4). Significant cellularity and
compelling increase in vascularity was observed in sample 7
(Fig. 5). Movin score in the isotretinoin group was (n = 8) 4.1 + 2.5
and it was (n = 8) 2.3 + 1.0 in the control group (p = 0.032). Bonar
score in isotretinoin group was (n = 8) 2.9 + 1.4 and it was (n = 8)
1.6 + 0.7 in control group (p = 0.022) (Table 2). Movin score in
isotretinoin group was significantly higher than the control group
(p = 0.032). Bonar score was also detected significantly higher in
isotretionin group when compared with the control group
(p = 0.022).

Discussion

Achilles tendinopathy is a condition of which the etiology could
be exactly described. Along with mechanical causes, different
medications are also held responsible in development of tendin-
opathy. History of medications used may be ignored especially in
cases with treatment-resistant Achilles tendinitis and this may
make the treatment planning difficult, increase the costs and lead
loss of labour force. Agents which are held responsible from
development of drug-induced tendinopathy include quinolone
antibiotics, statins, aromatase inhibitors, glucocorticoids and iso-
tretinoin in rare cases.

Isotretinoin is a synthetic, vitamin A-derivated, retinoid group
drug."®'* Retinoid group drugs regulate cell proliferation and dif-
ferentiation, modulate the immune system and has an anti-
inflammatory characteristics.'*!> Retinoids are synthetic vitamins
derivates manufactured to avoid severe side effects of vitamin A.>'*
[sotretinoin is basically used for cases with severe and treatment-

Table 1
Group comparison of elastic modulus, yield force and ultimate tensile force in the isotretionin group and control group.
Isotretionin Group (n = 8) Control Group (n = 8) p
Mean =+ s.d. Median Min-Max Mean =+ s.d. Median Min-Max
Biomechanics
Elastic Modulus 227,0 + 27,7 222 192-262 281,7 + 38,7 274 236—-353 0,006°
Yield Force 33,7+43 33,5 27,9-39,1 40,8 59 393 34,1-52,5 0,021°
Ultimate Tensile Force 357 +4,2 35,7 29,1-40,2 44,0 +7,0 419 36,1-58,1 0,009°

Significance value of P<0,05.
¢ Mann-whitney u test.

Fig. 2. Spindle shaped nuclei and indistinct cytoplasm in tenocytes (C4- H.E X 400).

Fig. 3. Increase in cellularity, minimally round, and ovoidnuclei in tenocytes (E1- H.E X
400).
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Fig. 4. Tenocytes with round nuclei and distinct cytoplasm (E3- H.E X 400).

resistant acne.'* Furthermore, use of a isotretinoin fort some cancer
cases was also reported.'* Along with adverse effects on liver,
nervous system and dermatological side effects, different side ef-
fects exist on musculoskeletal system.>'*

Hyperostosis was reported as common side effect on the
bone.'%!7 This case was especially reported on cervical vertebrae
on the axial skeletal system.'* Nevertheless, the side effects re-
ported include epiphysial closure, periosteal bone resorption and
osteoporosis."®'*1” Furthermore, calcification on tendons and lig-
aments were commonly reported.'*!”18

Rate of some side effects such as myalgia, arthralgia was re-
ported as 27% in some studies."® In the study of Alkan et al where
rheumatologic complications dependent to isotretinoin use were
evaluated, such complications were detected in 23.1% of 42 patients
in isotretinoin group. The most common rheumatologic symptoms
included inflammatory low back pain, Achilles tendinopathy and
sacroiliitis. In such study, unilateral Achilles tendinitis was detected
in 3 patients and bilateral Achilles tendinitis was detected in 1
(9.52%) patient.”” The clinical symptoms in the cases with Achilles
tendinitis reported in the literature usually regressed with inter-
ruption or termination of the drug therapy.”'® Therefore, we
believe that adverse event of Achilles tendinopathy dependent to
isotretinoin is reversible.

Association of the side effects on musculoskeletal system with
the dose was not clearly expressed. Carey et al detected this effect in
procedures performed with higher doses in their study where
isotretinoin use and hyperostosis development were investigated
and they reported that this does not appear with lower doses and
the side effect is dose-dependent.?’ However, Panney et al reported
that side effects on skeletal system is not dose-dependent in their
study.’! We also used 15 mg/kg/day used for rats in the present
study.'” Since there is not yet any experimental animal study about
effect of isotretinoin use on tendon biology in the literature, we
could not evaluate different doses because of the number of ani-
mals and rules of ethics.

Fig. 5. Increase in vascularity (E7- H.E X 400).

Entesopathy is a case of tendinopathy detected on junction sites
of the tendons onto the bones. Besides Achilles tendon, entesop-
athy cases in different anatomic sites due to isotretinoin use was
also reported. In such studies, entesopathy usually develops after
long-term use of the drug.”>?> Nevertheless, there are cases with
entesopathy reported due to short-term use in the literature.’

Movin and Bonar scoring are two scoring system providing
classification of histopathological findings for evaluation of ten-
dinopathy.’>"® In Movin scroing; degradation in fibrile alignment,
increase in cellularity, increase of nuclear rounding and vascularity
indicate development of tendinopathy.”>?* In the present study,
fibrile alignment was regular and nuclei were in spindle form in the
control group (Fig. 2) whereas degradated fibrile alignment, in-
crease in nuclear rounding and cellularity as well as increase in
vascularization was observed in isotretinoin group (Figs. 3—5). This
case indicated an increase in Movin score as well as degradation of
normal tendon formation in the drug group. When the parameters
used for Bonar scoring were considered, increase in vascularity,
tenocytis and degradation in collagen formation were observed in
isotretinoin group (Figs. 3—5).

Tendons actually transmit the power from muscles to the bones.
Tendons fulfill their tasks even during strong loading due to specific
elastic nature. Furthermore, tendon loose its regular elastic nature
along with cellular disruption. Histopathological evaluation as well
as biomechanical measurements are required to make a compre-
hensive evaluation. The present study is the first experimental
study evaluating histopathological and biomechanical toxicity of
isotretinoin on tendon. Histopathological degradation as well as
biomechanical disruption was detected in the drug group when
compared with the control group of the present study. In biome-
chanical evaluation, a force was applied onto the tendon by pulling
on a single plane until the tendon ruptured. Elastic modulus, yield
force, ultimate tensile force values were recorded. Mean elastic
modulus, mean yield force and mean ultimate tensile force values
were significantly lower in isotretionin group when compared with

Table 2
Group comparison of bonar score and movin score in the isotretionin group and control group.
isotretionin Group (n = 8) Control Group (n = 8) p
Mean =+ s.d. Median Min-Max Mean =+ s.d. Median Min-Max
Pathology
BonarScore 29+14 2,5 2,0-6,0 1,6 +0,7 15 1,0-3,0 0,022°
MovinScore 41+25 4,0 0,0-9,0 23+1,0 2,0 1,0-4,0 0,032°

Significance value of P<0,05.
¢ Mann-whitney u test.
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the control group (p < 0.05). In light of these data, we may say that
tendinopathy observed at histopathological level similarly reflects
to biomechanical tests.

Experimental studies detected induction of proinflammatory
cytokines and matrix metalloproteases in development of tendin-
opathy.?”> Matrix metalloproteinases are main regulators of cellular
and extracellular matrix.”® Increase of such enzymes in tendinop-
athy cases were reported in different studies.>>®

Limitations of the present study were lack of evaluation of
different cytokines and enzymes which are responsible from
development of tendinopathy along with biomechanical and his-
topathological evaluation performed. Another limitation is subject
count at optimal level because of animal experiments and rules of
ethics. Moreover, relation of side effects to dose were not evaluated
in detail; because groups of only one dose were used instead of
groups of different dose values. Another limitation is that isotreti-
noin serum concentration was not measured. Prospective, ran-
domized clinical studies with more subjects should be performed
to evaluate effects of isotretinoin in tendon biology.

Consequently, Movin and Bonar scores used for evaluation of
tendinopathy were found significantly higher in isotretinoin group
when compared with the control group in the present study where
effects of isotretinoin on Achilles tendon was investigated. This
histopathological outcome is also in line with the biomechanical
studies and elastic modulus, yield force and ultimate tensile force
values were found significantly lower in the drug group. In the light
of these information, isotretinoin has negative histopathological
and biomechanical effects on Achilles tendon. Therefore, use of
isotretinoin should also be investigated during medication history
investigation especially for the patients with treatment-resistant
Achilles tendinopathies and treatment planning should be per-
formed accordingly.
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