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Abstract
Purpose: To investigate the cellular response to injury, analyzing histopathologic changes 
associated with increased cellularity, degeneration and disorganization of collagen fibers.
Methods: Thirty wistar rats were divided in two groups after partial Achilles tenotomy: the 
right hind paw were treated with the essential oil of Alpinia zerumbet (EOAz), diluted to 33% 
(0.3 mL kg-1), and the left hind paw received sunflower oil for 3, 14, 30 and 90 days. Statistical 
significance was determined using a Chi-square and Pearson Correlation qualitative variables 
test. Moreover, Mann–Whitney U-test test for comparison between different groups of the 
same cell, one-way ANOVA, and Tukey’s test of quantitative measurement.
Results: A decrease hyperemia (p < 0.001) was observed in the acute phase of inflammatory 
cell number (p < 0.001), whereas sub-acute phase was marked by significant correlation with 
macrophages in fibroblasts (r = 0.17, p = 0.03), with probable induction a dense and modeled 
tissue. At chronic phase, it was found an increase in the number of fibroblasts and a higher 
percentage of type I collagen fibers (78%) compared with control collagen fibers (55%).
Conclusion: Oil of Alpinia zerumbet stimulated the process of maturation, organization and 
tissue repair which gave it greater resistance.
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mutagenicity in mouse leukocytes8. Results of the 
toxicity EOAz used in this study were confirmed 
since they didin´t present toxicity in three types 
of rodents. A concentration of 1mg/ L is effective 
and safe to be used in endothelial cells in human 
umbilical vein9.
	 This study subjects to investigate 
the cellular response to injury, analyzing 
histopathologic changes associated with 
increased cellularity, degeneration and 
disorganization of collagen fibers.

■■ Methods

	 This study was approved by the Ethical 
Committee for Animal Experimentation 
(approval 040911) according to Ethical principles 
of the COBEA (Brazilian College for Animal 
Experimentation) for experiments in animals. 
	 Thirty animals were subjected to 
tenotomy of the calcaneal (Achilles) tendon. 
Prior to the surgical procedure, each animal was 
weighed and anesthetized with an intraperitoneal 
injection of ketamine (10%) and xylazine (2%) at a 
dosage of 0.1mg/100g. A superficial skin incision 
was done over the calcaneal tendon and a partial 
tenotomy was performed in the middle third of 
the tendon. Specifically, the lesion was between 
the musculotendinous junction at a distance of 
0.5 cm from the calcaneal insertion. The incision 
transverse shear scalpel blade was 0.3 cm wide 
and 0.1 cm deep for partial tenotomy followed 
by suturing skin only (Figure 1)3.

■■ Introduction

	 Urban society seeks more means of 
physical or recreational activity to reduce stress 
and avoid physical inactivity. As a result, a 
significant increase in tendon injuries been has 
observed over the past 50 years.  Tendon injuries 
are caused by repetitive motion, heavy exercises, 
sports, degeneration or traumatic injury1. Achilles 
tendon injury have a high incidence and leads 
to functional limitations2. Experimental models 
are used to reproduce human pathologies and 
conduct studies, many resources are being using 
for the treatment of parcial tenotomy as example 
ultrasound3.
	 After the injury the body initiates a 
process of tissue repair that can be divided into 
three phases: inflammation, proliferation and 
remodeling1. Inflammation histamine-induced 
[Ca2]i produces accumulation fibroblasts of 
human subcutaneous tissue, and is partially 
mediated by the release of ATP through the 
opening of Panx1 hemi channels. Moreover, most 
studies have identified elevation of cytosolic 
Ca2 as an important regulator of ATP release in 
different cell models4.
	 Alpinia zerumbet, also called Alpinia 
speciosa, is an herbaceous plant from the 
Zingiberaceae family. Predominates in 
northeastern Brazil, where it is commonly known 
as “colony”5-6. Active principle of essential oil of 
Alpinia zerumbet (EOAz), are terpinen-4-ol and 
1,8 cineole, have anti-inflammatory properties, 
inhibit histamine and modulate calcium channels 
type L. EOAz can influence tissue repair and 
terpenes present in principle active may improve 
transdermal drug absorption because they 
interact with lipids and keratin allowing for 
greater drug solubility7.
	 EOAz toxicity showed by chromatographic 
analysis was 17.32% of terpinen-4-ol, 22.4% of 
1,8 cineole, 11.42% y-terpinene, and 9.9% of 
sabinene, at concentrations of up to 300 µg/ 
mL or 400 mg/Kg doses, didn’t cause signs of 

Figure 1 - Experimental model in the tendon 
injuries (Yeung et al.4). Private image of partial and 
transversal (0.3 cm) tenotomy the Achilles tendon 
of rats is located 0.5 cm from the insertion in the 
calcaneus.
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	 The severed ends of the tendon were 
not sutured before the skin incision was closed. 
All surgical procedures were performed under 
aseptic conditions. In all experiments, data were 
collected using a blinded, randomized controlled 
design. Treatment group received daily topical 
tendon application of EOAz (rear right paw) 
at a concentration of 0.3 mL/Kg (solubilized in 
sunflower oil) and the control group used pure 
vegetable oil (rear left paw)10-11. At the end of 
each experiment, on postoperative days 3, 14, 30 
and 90, tissue samples were removed to prepare 
histomorphological slides. After a designated 
postoperative period, the animals were 
euthanized. The two-calcaneus tendons were 
excised from animals by dissecting them from 
the musculotendinous junction in the calcaneal 
attachment. The excised tendons immediately 
were placed in formaldehyde 10% and later 
embedded in paraffin. Serial histological sections 
(5 µm) for further analysis were prepared using 
routine laboratory techniques. 

Histological analysis of the inflammatory 
infiltrate

	 To evaluate the intensity of the 
inflammatory response were analyzed the 
Hyperemia of the histological sections. After 
fixation for 48h, the pieces were cross-sectioned, 
dehydrated in alcohol, diaphanized in xylol and 
embedded in paraffin in the form of blocks. 
The blocks were mounted on the microtome 
and cut 5 μm thick with 6 serial histological 
sections of each block that were obtained from 
each anatomical segment of the sample and 
then stained with Hematoxylin / Eosin (HE) and 
Picrossirius. The images were captured from 
the slides using Olympus C-7070 camcorder, 
coupled to Olympus CX31 microscope and blindly 
evaluated. The histological sections stained were 
with hematoxylin–eosin (HE). The intensity of 
inflammation and hyperemia, infiltration type and 
the inflammatory process were classified as acute 

when polymorphonuclear cells predominated; or 
chronic when mononuclear cells predominated. 
The classification was further graded as scarse, 
moderate, or intense (Table 1). The inflammatory 
reaction was classified based on the predominate 
leukocyte type12.

Table 1 - Scores of intensity of hyperemia 
and hemosiderosis, adapted from 
Albuquerque-Júnior et al.12.

Scores of Intensity 
Hyperemia

Classification of 
Hyperemia

0 Absent 
1 Mild (<10%)
2 Moderate (10-50%)
3 Intense (>50%)

	 To evaluate the intensity of inflammation 
used scale which measures in five scores this 
inflammation. The description of the form 
Semiquantitative are: absent, mild, moderate, 
and intense (Table 2).

Table 2 - Description of the parameters for 
histological assessment of the intensity of 
the inflammatory response in the wounded 
areas. 

Score of the 
inflammatory 
response

Semiquantification 
of the 

inflammatory 
response

Classification of 
the inflammatory 

response

0 Absent Absent
1 Mild
2 Moderate Chronic 

(predominance of 
lymphocytes and 

histiocytes)
3 Intense
4 Intense Subcatue 

(balance of 
neutrophils, 

lymphocytes and 
histiocytes)

5 Intense Acute 
(predominance 
of neutrophils)
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Quantitative analysis of stromal cells 
(fibroblasts and tenocytes)

	 Stromal cell counts were selected from 
cells having a morphology consistent with 
fusiform and either oval, with large nucleus 
and finely dispersed chromatin, which were 
interpreted as active fibroblasts and spindle 
cells with slender elongated nucleus, compact 
and densely arranged chromatin, which were 
interpreted as tenocytes12. The counting was 
performed in the Power point program from the 
photos of the selected areas, were divided into 
four to zoom in and placed a table over 10x10 
squares, in quality were counted as cells that 
program within the squares excluding as they 
sloped in the rows of the table. The average 
number of stromal cells was determined 
by counting each of these morphological 
structures in each histological field. The 
average was determined from the mean of the 
ratio between the sum of structures and the 
number of analyzed fields. 

Analysis of the architectural organization of 
the collagen fibers in tendons

	 The tendon organization was analyzed 
by using the deposition pattern of collagen 
fibers. The fibers were categorized according 
to their layout and appearance: in loose 
connective tissue (loose tissue network), thick 
and unshaped tissue (collagen fibers with 
random/varied architectural guidance), and 
densely modeled tissue (fibers arranged in the 
same direction with parallel disposition freely 
along the tendon axis)12.

Assessment of collagen deposition patterns

	 For the assessment of the collagen 
deposition, histological sections stained in Sirius 
Red and analyzed under polarized light were 
used to the descriptive analysis. Collagen fibers 
were analyzed according their birefringence 
pattern (greenish/yellow-greenish or orange, 
orange-reddish), morphological appearance 
(wavy or stretched, thin or thick, short or 
long), and architectural arrangement (reticular, 
parallel or interlaced)12. All readings were 
performed by blinded investigators.

Statistical analysis

	 All data were first subjected to 
analysis of Gaussian distribution. The program 
GraphPad Prism 6.01 was used for all statistical 
analyses. Statistically significant differences 
between mean values presenting Gaussian 
distribution were analyzed using Chi-square 
and Pearson Correlation qualitative variables 
test. Non-gaussian data were analyzed using 
Mann–Whitney U-test to comparison between 
different groups of the same cell, one-way 
ANOVA, and Tukey’s test for quantitative 
measurement. Each time point was analyzed 
separately. Differences between means were 
considered significant when p<0.05.

■■ Results

	 The variables observed were: 
inflammatory infiltrate, hyperemia, stromal 
cells, architectural organization and assessment 
of the collagen fibers as described in Figure 2.
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	 Three days after the tenotomy, the 
control and treated group specimens showed 
mainly lymphocytes. At control group, the 

Figure 2 - Histological sections the group Control 
(A1) and experimental treatment EOAz (A2) in 3-day, 
showing hyperemia and intense inflammatory 
infiltrate that is rich in macrophages (thick dark 
arrow), lymphocytes (thick arrow clear). (B1) 
Control group and (B2) in 14-day treatment group, 
showing remission of inflammatory infiltration and 
proliferation of spindle cells with nuclei that are 
sometimes spherical and clear [active fibroblasts 
(thick dotted arrow)] and sometimes dark and 
flattened [consistent with tenocytes (thin arrow 
crowded)]. (C1) Control group and (C2) 30-day 
treatment group, showing a lesser cell proportion 
in both groups compared in 14-day with (HE, x400).

Figure 3 - Mean±SEM number of cells found 
(lymphocytes, monocytes, plasmocytes, neutrophils 
and macrophage) in the tissue 3 days after partial 
tenotomy in the control and EOAz (33%)-treated 
rats (n=06). Lymphocyte and macrophage was 
significantly different (p<0.05; ANOVA ONE-WAY 
test and Tukey pos-test).

number of lymphocytes was significantly higher 
than the monocytes, plasmocytes, neutrophils 
(p < 0.001 for all) and macrophages (p < 0.05). 
At treated group, the number of lymphocytes 
was significantly higher than monocytes, 
plasmocytes (p < 0.001 for both), neutrophils, 
and macrophages (p < 0.01; Figure 3). The slide 
of 3 days treatment of both groups showed a 
less significant inflammatory response than 
control group of lymphocytes and macrophages. 
The classification was chronic nonspecific 
inflammation at both groups. Control group 
showed an inflammatory moderate, and group 
EOAz was moderate and scarse response (Figure 
4). Samples from the group treated with EOAz 
for 3 days after partial tenotomy of the Achilles 
tendon exhibited less significant hyperemia 
response than control group (Figure 5).
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	 At chronic and sub-acute inflammatory 
phases (14 and 30 days), were observed significant 
difference (p < 0.001 and p < 0.01) at the mean 
number of tenocytes and fibroblasts (Figure 6), 
between the treated and control groups.
	 Fourteen days after the tenotomy, was 
observed a insignificant (weak) correlation 
between the mean number of macrophages and 

a decrease in the number of tenocytes (34.90 ± 
17.12; r, -0.17; p = 0.77) at control group. A similar 
but positive significant correlation was observed 
between the number of macrophages and an 
increase in the number of fibroblasts (30.85 ± 
20.77; r, 0.17; p = 0.03). Treated group presented 
a decrease in the number of tenocytes (98.92 ± 
17.63 r = -0.51; p=0.02) and fibroblasts (34.00 
± 6.46 r = - 0.64; p=0.003) in the tissue after 
partial tenotomy. These results were illustrated 
in Figure 7A and B.

Figure 4 - Selected were four layers per rats (n=6; 
layers =24). Intensity expressed as percent of 
degrees of imflammation response (less than 10% 
(Scarse); from 10 to 50% (Moderate); and higher 
than 50% (Intense) in the control and treated rats, 
3 days after partial tenotomy controls were treated 
with vegetable oil while the test rats were treated 
with EOAz (33%). Effect response was significantly 
(***p<0.001, Chi-squared) between intensity 
express classification eat group.

Figure 5 - Selected were four layers per rats (n=6; 
layers n=24). Intensity expressed as percent of 
degrees of hyperemia response (less than 10% 
(Scarse); from 10 to 50% (Moderate); and higher 
than 50% (Intense) in the control and treated rats, 
3 days after partial tenotomy controls were treated 
with vegetable oil while the test rats were treated 
with EOAz (33%). Effect response was significantly 
(***p<0.001, Chi-squared) between groups.

Figure 6 - Mean±SEM number of cells found 
(tenocytes and fibroblasts; n=6) in the tissue 14 
days and 30 days after partial tenotomy in the 
control and EOAz- treated rats. Fibroblast control 
and EOAz cells was significantly different (p<0.05; 
ANOVA ONE-WAY test and Tukey pos-test).

Figure 7 - Fourteen days after the tenotomy, 
was observed an insignificant (weak) correlation 
between the mean number of macrophages and 
a decrease in the number of tenocytes (34.90 ± 
17.12; r, -0.17; p = 0.77) at control group. A similar 
but positive significant correlation was observed 
between the number of macrophages and an 
increase in the number of fibroblasts (30.85 ± 
20.77; r, 0.17; p = 0.03). Treated group presented a 
decrease in the number of tenocytes (98.92 ± 17.63 
r = -0.51; p=0.02) and fibroblasts (34.00 ± 6.46 r = - 
0.64; p=0.003) in the tissue after partial tenotomy. 
These results were illustrated in Figure 7A and B.
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	 Morphological analysis performed 
90 days after tenotomy revealed a greater 
prevalence of modeled tissue (40%) in the 
treated rats than in the controls (18%), with the 
treated rats showing more organized tissue with 
fibers arranged in parallel (Figure 8).

■■ Discussion

	 Investigate the degeneration and 
disorganization of collagen fibers, cellular 
response to injury, analyzing histopathologic 
changes associated with increased cellularity 
have been studied for atual researches. The 
investigation of the composition of EOAz and 
its potential biological activities have been 
extensively reported during the last 30 years, it 
is still a current topic. EOAz is still a promising 
raw material in terms of beneficial biological 
activities for several applications13. 
	 Traditional treatment aimed at 
modular inflammation type has had limited 
success in treating chronic, painful conditions 
arising from overuse of tendons. The acute 
inflammatory phase is characterized by 
polymorphonuclear cells; the sub-acute phase 

Figure 8 - Relative frequency of the appearance and 
arrangement of modeled and no modeled tissue 
according to the percentage measured at 90 days 
after EOAz – 33%, treatment after partial tenotomy. 
Effect response was significantly (***p<0.001, Chi-
squared) between groups.

Figure 9 - Absolute and relative frequency of the 
appearance and arrangement of collagen type I and 
III fibers according to the percentage measured at 
90 days after EOAz treatment after partial tenotomy. 
Effect response was significantly (***p<0.001, Chi-
squared) between group.

	 Arrangement analysis, appearance, 
and type of collagen after EOAz treatment for 
90 days (Figures 9 and 10) revealed a higher 
proportion of type I collagen fibers (78%) in the 
treated rats. This finding indicated tissue with 
greater maturity in the EOAz-treated rats. The 
percentage of thick fibers (57%) was higher at 
EOAz-treated group than control group (45%).

Figure 10 - Histological sections examined under 
polarized light areas of accumulation of collagen 
type III fibers (A), not modeled collagen type I 
fibers (B), and modeled collagen type I fibers (C) in 
the control (1) and treated (2) groups after 90 days 
(Picrossirius, x400).
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by mononuclear cells and polymorphonuclear; 
the chronic nonspecific phase by  lymphocyte 
cells; and chronic inflammation macrophages-
gigantocites specific. There is presence of 
inflammatory infiltrate with  lymphocytes and 
macrophages in the synovial sheath of the 
tendon during healing14. Clinical research15-6 
reported that terpinen-4-ol and 1,8 cineole 
are the main monoterpenes found in Alpinia 
zerumbet. These compounds inhibit the 
histamine-induced inflammation and increase 
capillary and venular permeability, which is 
essential for cellular infiltration. Histamine-
induced related swelling in murine ears 
suppressed was per terpinen-4-ol16. According 
to these studies, EOAz treatment was effective 
in decreasing the inflammatory process, 
suggesting that monoterpenes inhibited the 
formation of inflammatory process mediators. 
The data found in the current study corroborate 
the authors, presenting significant difference 
between groups with respect to intensity of 
hyperemia in 3 days. 
	 Recovery after tendon injury includes 
infiltration of inflammatory cells, fibroblast 
proliferation and growth factor release17. 
Results of this study are in accordance with 
the authors, considering that the observations 
included inflammatory cell proliferation with 
predominance of lymphocytes in the control 
and treated groups 3 days after tenotomy. In 
addition, rats treated with EOAz for 14 days 
showed a significant increase in fibroblast count, 
which was promoted by macrophages involved 
in immune activity, phagocytic activity and 
chemotactic activity that preceded tissue repair. 
	 Results demonstrated that the 
inflammatory response to tendon injury 
was lower when treated with EOAz than 
with vegetable oil treatment. The terpenoid 
1,8-cineole has anti-inflammatory properties, 
being a potent inhibitor of Tumor Necrosis 
Factor alpha (TNF-α) and interleukin (IL) 1b 
production by monocytes and lymphocytes; 
it also inhibits IL-8 and IL518. The anti-
inflammatory action of terpene-4-ol suppressed 

TNF-α, IL-1b, IL-8, IL-10 and PGE2 production 
by lipoproteins activated by monocytes. The 
present results (Figure 2) corroborate these 
authors and show that EOAz depressed the 
inflammatory response, increased lymphocyte 
and macrophage concentration and decreased 
the hyperemia response. 
	 After the inflammatory phase, 
fibroblasts are recruited to initiate collagen 
synthesis that promotes repair12. The mitogenic 
effect of the beta transformer growth factor 
(BTGF) can improve tendon regeneration 
by increasing the number of necessary cells 
available for subsequent extracellular matrix 
synthesis. This pattern probably occurred 
in the present study, considering that it was 
observed an increase in macrophages and a 
significant increase (p < 0.01) in fibroblasts in 
EOAz-treated rats compared with controls. 
	 The primary function of tenocytes 
and fibroblasts is the maintenance of tissue 
integrity19. The results indicated that the highest 
values for tenocytes and fibroblasts was on 
day 14, indicating strong involvement of these 
cells in the proliferative phase. Nevertheless, 
it was found that the cells decreased over 
time, particularly in rats treated for 30 days. 
These results are in agreement with those 
from a previous paper that described the 
healing process as having three continuous 
phases in which the process of maturation 
and remodeling implies on the disappearance 
of inflammatory cells, leading to scarring or 
regeneration20. 
	 Mesenchymal application of stromal 
cells, as effect modulate on inflammatory 
environment may improve the healing 
response. Mesenchymal adipose derived 
stromal cells mediated modulation of the 
post-operative inflammatory response may 
be beneficial for tendon injury. A significant 
increase in fibroblasts was observed after 14 
days compared with fibroblasts after 30 days (p 
< 0.001)21. 
	 Histological results showed that EOAz 
promoted better organization and orientation 
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of collagen fibers (fibers stretched) and the 
formation of thicker collagen fibers, which 
indicate the presence of repaired tissue with 
an improved ability to support tensional load. 
However, it was affirmed that injured tendons 
contain a higher proportion of collagen type 
III fibers, which are weaker because of fewer 
cross-links and inter- and intra-unities. 
	 Therefore, the EOAz-treated group 
showed the opposite effect because the 
results revealed a higher proportion of type 
I collagen fibers (78%) compared with type III 
fibers (22%). Type I collagen is characterized 
by large tensile strengths and is capable of 
withstanding large loads.

■■ Conclusions

	 Alpinia zerumbet administered after 
partial tenotomy was able to producing an 
appropriate sequence of events from the acute 
phase (hyperemia decrease) to the remodeling 
tissue phase. EOAz induced an increased number 
of fibroblasts within 14 days, which decreased 
after 30 days. After 90 days of EOAz treatment, 
dense tissue maturation characterized by a 
pattern of modeled, thick fiber, and rich type I 
collagen tissue.
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