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Abstract 
Objectives: This study aimed to evaluate types I, III and IV collagen in healthy gingival tissue and to compare them to gingival tissues 
suffering from chronic gingivitis and chronic periodontitis. Materials and Methods: Thirty-two man patients were selected. The patients 
belonged to three diagnostic categories: healthy gingiva (HG), chronic gingivitis (CG) and chronic periodontitis (CP), based on clinical and 
radiographical criteria. Gingival tissue samples were obtained from patients who underwent periodontal surgery procedures. Hematoxylin 
and Eosin (HE), Picrosirius red, indirect immunofluorescence by confocal microscopy and quantitative analyses were performed to identify 
the presence and location of types I, III and IV collagen. Statistical significance was verified using the Kruskal–Wallis test. Results: Samples 
from HG group showed thick collagen fibers arranged in a parallel pattern. Samples from CG group showed dilated blood vessels; collagen 
fibers and inflammatory cells were found dispersed throughout the tissue. Samples from CP group showed the extracellular matrix severely 
damaged, disorganized collagen fibers and large amount of inflammatory cells. The HG group showed an apparent higher expression of 
type I collagen, when compared to tissues with CG and CP, however no statistical differences were detected (p=0.064). The types III and 
IV collagen fibers showed no difference in expression in tissues with gingivitis and periodontitis. Conclusions: Following the periodontal 
disease there was a morphological destruction of the extracellular matrix with lower expression of collagen, which led to a change in tissue 
architecture that might compromise its functional capacity. There were differences in type I collagen expression among healthy, chronic 
gingivitis and chronic periodontitis tissue samples. 
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 Introduction 

Periodontal disease is a general term to describe an 
inflammatory disorder initiated and maintained by plaque 
bacteria and their metabolic products, characterized by 
persistent inflammation, connective tissue breakdown 
and alveolar bone destruction [1–4]. It is recognized as 
one of the most prevalent chronic disease in humans, 
affecting a high proportion of adult population in Brazil 
[4, 5]. 

Because of its high prevalence and implications for 
dentistry, periodontal disease has been indicated as a 
worldwide public health problem [6]. In this context, 
several researches have tried to comprehend the biological 
process resulting in loss of the supporting tissues [4, 7, 
8]. Bacteria secret products, such as metalloproteinases, 
that led to a direct destruction of the periodontal tissues. 
In response, various types of gingival cells that function 
as resident or inflammatory cells release several molecules, 
such as cytokines and proteases, destroying the supporting 
structures [1, 4, 9–12]. These unbalanced release of 
bacterial and host substances results in degradation of 
extracellular matrix [4]. 

The collagen is the major extracellular matrix com-
ponent of gingiva [11, 13] and plays a key role in its 
architecture [1]. It acquires a significant role in disease 
progression [1, 4, 14], as collagen degradation is pointed 
as the main marker of periodontal disease progression 
[4]. The presence of some collagen fibers such as types 

I, IV and VI has already been observed in healthy and 
diseased gingival tissue by western blotting [15] and by 
immunohistochemistry in hyperplasic gingival tissues 
[16]. However, to our knowledge, there is a lack of 
quantitative study relating location and organization of 
those molecules within healthy and diseased human 
gingival tissues. The better understanding of the molecular 
bonds and mechanisms of action of these substances can 
help and guide dentists in building strategies for early 
diagnosis and more effective treatment of periodontal 
disease in the future. 

Therefore, the aim of the present study was to evaluate 
types I, III and IV collagen in healthy gingival tissue 
and to compare them to gingival tissue suffering from 
chronic gingivitis and chronic periodontitis. 

 Materials and Methods 

Ethical issues 

This study was carried out in compliance with 
international statutes and national legislation on ethics 
in research involving human subjects. All subjects con-
sented to participation and signed a term of informed 
consent. The study received approval from the Ethics 
Committee of the Federal University of Minas Gerais 
(UFMG) (process number: ETIC 046/01) and from the 
Ethics Committee of the Itaúna University (UIT) (process 
number: ETIC 021/06), Brazil. The study was conducted 
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in accordance with the Helsinki Declaration of 1975, as 
revised in 2000. 

Study population 

Gingival tissue samples were obtained from 32 patients 
who underwent periodontal surgery procedures in dental 
clinics of the Itaúna University. The samples were obtained 
from buccal marginal tissues with the aid of a bistoury. 
During surgery, local anesthesia was done avoiding 
anesthetic infiltration into the tissue and deformation or 
compression of the samples. All patients were males, 
white-skinned, and aged between 35–50-year-old. The 
patients had no history of systemic disease, smoking, 
were not undergoing a treatment with antibiotic or any 
other medicine or a specific periodontal treatment within 
six months before the study (Table 1). 

Table 1 – Distribution of the patients according to 
their periodontal status 

Groups No. of samples 

Healthy gingiva (HG) 12 

Chronic gingivitis (CG) 10 

Chronic periodontitis (CP) 10 

The patients under investigation belonged to three 
diagnostic categories: healthy gingiva (HG) (n=12), 
chronic gingivitis (CG) (n=10) and chronic periodontitis 
(CP) (n=10). These diagnoses were based on clinical and 
radiographic criteria, which included color, bleeding, 
probing depth and radiographic evidence of bone 
resorption, as previously described [17]. HG involved 
samples with healthy gingiva without bleeding and no 
evidence of bone resorption or periodontal pocketing. 
CG involved samples with red color, swelling of the 
gingival margin, and bleeding without bone resorption 
or periodontal pocketing. CP involved samples of patients 
with more than one periodontal pocketing ≥5 mm and at 
least one pocket with ≥4 mm attachment loss. 

Tissue preparation 

Immediately after surgery, tissues were fixed at -200C 
in methanol 80%/DMSO for seven days. Afterward, the 
samples were dehydrated with gradually increasing alcohol 
concentrations, diaphonized in xylene, and embedded in 
paraplast. 

Histopathology 

Serial 5-μm sections were obtained and stained with 
Hematoxylin and Eosin (HE) for descriptive analysis. 
Collagen fibers were stained with Picrosirius red [18, 
19] to perform a qualitative analysis of the disposition 
and composition of collagen fibers that constitute the 
basal membrane and extracellular matrix of the tissues. 
The histological sections were observed in an Olympus 
BX51 (Tokyo, Japan) with a filter to polarized light. 

Indirect immunofluorescence staining and 
microscopy 

An indirect immunofluorescence of the sections was 
performed to evaluate qualitatively the collagen fibers. 
Sections (5 μm thick) of all samples were mounted on 
gelatin-coated slides. Sections were incubated with each 

primary antibodies overnight in a humidity chamber at 
40C. Cy3-conjugated goat anti-rat immunoglobulin (IgG) 
absorbed with human Ig (The Jackson Laboratory, Bar 
Harbor, Maine, USA) was used as a secondary antibody 
(Table 2). 

Table 2 – Specification of the antibodies used in 
indirect immunofluorescence 

Antibody Specification Dilution Manufacturer
COLI polyclonal rabbit 
anti-human collagen I 

1:300 Rockland 

COLIIII polyclonal rabbit 
anti-human collagen III 

1:300 Rockland Primary 

COLIV polyclonal rabbit 
anti-human collagen IV 

1:300 Rockland 

Polyclonal, goat anti 
(IgG rat) conjugated Cy3 

1:400 
Jackson 

Laboratory 
Secondary 

Polyclonal, goat anti 
(IgG rat) conjugated Cy5 

1:400 
Jackson 

Laboratory 

The antibodies were diluted in phosphate-buffered 
saline (PBS), pH 7.2, with 0.1% bovine serum albumin 
(BSA). After 4×5 minutes washes in PBS, the conjugate 
was applied for one hour at 40C. The sections were again 
washed in PBS (4×5 minutes) and mounted in glycerol 
containing p-phenylene-diamine. An indirect immuno-
fluorescence of the section was performed in a confocal 
microscopy (Zeiss LSM 510 Meta linked to Zeiss Axiovert 
200M) (Carl Zeiss, Germany). The staining pattern with 
each polyclonal antibody was recorded as grades from 
negative (-) to strongly positive (+++) in each section. A 
control reaction substituting the primary antibody with 
0.1% BSA in PBS was done. Fibronectin was used as a 
positive control (data not shown). 

The images obtained through this technique were 
processed using the tool Thermo from the software 
Confocal Assistant® (Todd Clark Brelje, University of 
Minnesota) for obtaining Pseudo Color. This tool blushed 
in shades of red to black the higher concentration to 
lower expression of the fiber marked in accordance with 
the thermal bar that will be shown on the right side of 
the figures in results section. 

Quantitative analyses of types I, III and IV 
collagen 

To assess if there were statistical differences between 
the above fibers in evaluated degrees of periodontal 
disease, their intensity of fluorescence was measured 
with the aid of the software UTHSCSA ImageTool 2.0. 
Upon completion of the immunofluorescence for each 
fibber, six microscope fields were collected from each 
sample in confocal microscope utilizing 40× objective. 
For quantitative analysis of types I and III collagen, 
random regions (under epithelial-papillae versus in-depth 
tissue) were selected. The fluorescence intensity of the 
connective tissue in those regions was measured, comparing 
the tissues with different degrees of periodontal disease 
and healthy tissues (Figure 1, a–c). 

For quantitative analyses of type IV collagen, regions 
of basal membrane were selected. In order to avoid 
incorrect analyses of the background of the images, the 
regions without molecular expression of type IV collagen 
were also selected and quantified. The images were 
analyzed in grayscale using the software UTHSCSA 
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ImageTool 2.0. The fluorescence intensity is supplied 
through the unit “gray level”, which ranges from zero 
(black) to 255 (white) values. The closer to the value to 
255, the greater the fluorescence intensity is (Figure 1c). 

 
Figure 1 – Quantitative analysis using the Image 
Tool software. The photographs of the samples were 
obtained from confocal microscopy (A). In the Image 
Tool, was made a randomly selection from various 
parts of each photo (B). The program provides a chart 
with values and number of pixels. Negative values  
of total protein expression (black, value 0) or high 
protein expression (white total value 255) (C). 

Statistical analysis 

Three researchers in a blind method did the recording 
and the analysis of all images, and they were unaware of 
which experimental group each image belonged. Given 
the reduced number of patients in our study, statistical 
significance was verified with a non-parametric Kruskal–
Wallis test, as implemented by the software GraphPad 
Prism® 5. In particular, results with p<0.05 were consi-
dered statistically significant. 

 Results 

Histopathology 

HE staining 

HE staining was used to classify the epithelium and 
connective tissue in samples. The epithelium was stratified, 
squamous and non-keratinized. Connective tissue was 
classified as loose in regions placed adjacent to epithelium, 
containing connective papillae. In deeper areas, the tissue 
was classified as disorganized dense connective presenting 
thick collagen fibers. The papillae were showed up cut 
transverse, oblique or longitudinal (Figure 2a). 

Tissue samples from HG group showed thick collagen 
fibers arranged in a parallel pattern, containing fibroblasts. 
Inflammatory cells in a diffuse form were seen between 
collagen fibers (Figure 2b). However, these cells were 
located more frequently near the blood vessels. Papillae 
could be visualized containing small-caliber blood vessels 
or even capillaries, proving to be quite vascularized. 

Tissue samples from CG group (Figures 2c and 1d) 
showed dilated blood vessels; collagen fibers and 
inflammatory cells were found dispersed throughout the 
tissue. On the other hand, tissue samples from CP group 
(Figures 2e and 1f) showed a disruption of the extra-
cellular matrix organization, with modified patterns of 
collagen fibers disposition and large amount of inflam-
matory cells scattered throughout the tissue, characterizing 
a chronic inflammation of the tissue. 

Picrosirius red 

This technique allowed an optimal visualization of 
collagen fibers and their organization within the extra-
cellular matrix. The HG group showed thick collagen fibers, 
parallel with some inflammatory cells arranged between 
these fibers in connective tissue (Figure 3, a and b). 

Tissue samples with chronic gingivitis (CG) showed 
bundles of fibers surrounding inflammatory cells (Figure 3c) 
tending to restrict such cells in specific areas of 
connective tissue. At polarization microscopy (Olympus 
B513, Olympus, Tokyo, Japan), it was observed that the 
extracellular matrix also appeared similar to that seen in 
healthy gingiva (HG) (Figure 3d), and the number of 
inflammatory cells tended to be higher. However, no 
quantification of these cells was performed in these samples. 

The tissue samples from CP group had high des-
truction of the extracellular matrix together with the 
presence of inflammatory cells scattered throughout the 
tissue (Figure 3e). At polarization microscopy, it was 
observed a small amount of bundles of collagen in the 
deep region of the tissue (Figure 3f). This result demon-
strates the high degradation of collagen fibers during the 
course of periodontal disease. 

Immunofluorescence 

Type I collagen 

The type I collagen fibers in HG samples exhibited 
the following pattern: the fibers were thick and arranged 
in a parallel fascicular pattern showing intense staining. 
At CG samples, those fibers were still distributed in a 
similar arrangement of HG samples, but there was less 
intensity of immunofluorescence staining and the fibers 
were thinner. At the CP samples, the type I collagen fibers 
were disperse, evidencing the extracellular matrix des-
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truction. Those patterns were observed at under epithelial-
papillae and in-depth connective tissue (Figure 4, a–c). 

The HG group showed an apparent higher expression 
of type I collagen, when compared to tissues from CG 
and CP groups, however no statistical differences were 
detected (p=0.064). Tissues with chronic gingivitis (CG) 
showed no significant differences in expression of type I 
collagen when compared to tissues with chronic peri-
odontitis (CP) (p>0.050) (Figure 4d). 

Type III collagen 

The type III collagen fibers in HG samples followed 

a reticular pattern and were well distributed around all 
regions of connective tissue, with integrity and normal 
intensity. The type III collagen fibers in CG and CP 
samples demonstrated a dispersed pattern, without 
continuity and less intensity at both epithelial-papillae 
and depth connective tissue (Figure 5, a–c). 

No significant differences were found between groups 
to type III collagen (p=0.217). However, tissue samples 
from HG group showed an apparent higher concentration 
of type III collagen in connective tissue when compared 
to diseased tissue samples (Figure 5d). 

 
Figure 2 – Sections of human gingiva without gingivitis (A and B), with gingivitis (C and D) and chronic periodontitis 
(E and F). The samples from individuals without gingivitis, with gingivitis and chronic periodontitis showed stratified 
squamous epithelium non-keratinized (e) with tissue papillae (p). The papillae are formed from connective tissue (c) 
associated with epithelial projections and blood vessels (BV). Note in (A), disorganized dense connective presenting 
thick collagen fibers. In (B) observe fibroblasts nuclei (white arrows) and collagen fibers (black arrows). Observe in 
(C and D), thicker collagen fibers (arrowheads). In (E) more nuclei of inflammatory cells (IC) are seen. HE staining. 
Bars: (A, C and E) 120 μm; (B, D and F) 48 μm. 
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Figure 3 – Sections of fragments of human gingival stained with Picrosirius red (A, C and E light microscopy; B, D 
and F polarized light). Note epithelial tissue (e) and connective tissue (c). See in (A and B) control, collagen fibers 
(arrows) with normal morphology. Note in (C and D) samples with chronic gingivitis showing bundles of collagen 
fibers (arrows) compressing groups of inflammatory cells (arrowheads) associated with blood vessels (BV). In (E and 
F) fragments with chronic periodontitis showing destruction of collagen fibers (arrows) characterizing loss of normal 
morphology. Note also large amount of inflammatory cells (arrowheads). Bars: (C, D, E and F) 120 μm; (A and B) 
48 μm. 

Type IV collagen 

The type IV collagen fibers were found distributed at 
the epithelial and blood vessels basement membrane of 
all the samples, regardless of groups. Staining for type IV 
collagen at the CP samples exhibited an apparent thicker 

aspect of basement membrane around the dilated blood 
vessels (Figure 6, a–c). 

No significant differences were found between groups 
to type IV collagen (p=0.355) (Figure 6d). 
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Figure 4 – Micrographs of human gingival marked by immunofluorescence to type I collagen. Note marking to type I 
collagen (arrows) in deep connective tissue (c) of control samples (A), chronic gingivitis (B) and chronic periodontitis 
(C), respectively. Bars = 100 μm. 

 
Figure 5 – Micrographs of human gingival marked by immunofluorescence to type III collagen. Note epithelial tissue 
(e) and connective tissue (c). See type III collagen marking (arrows) in control sample (A), samples with chronic 
gingivitis (B) and chronic periodontitis (C), respectively. Bars = 100 μm. 

 
Figure 6 – Micrographs of human gingival marked by immunofluorescence to type IV collagen. Note epithelial tissue 
(e) and connective tissue (c). Observe type IV collagen marking (arrows) in control sample (A), samples with chronic 
gingivitis (B) and chronic periodontitis (C), respectively. Bars = 100 μm. 

 Discussion 

The present study evaluated morphologically and 
quantitatively collagen fibers in healthy and diseased 
human gingival tissues. As the prevalence and incidence 
of periodontal disease is high worldwide, several studies 
have already been conducted looking to elucidate aspects 
of this disease [7, 8, 11, 20, 21]. However, there was a 
lack of studies evaluating the fibers of types I, III and 
IV collagen and relating such fibers to its organization, 
localization and expression in healthy gingival tissue 
and varying degrees of periodontal disease. A detailed 

study of the histological aspects during the development 
of this disease therefore became necessary in order to 
establish new techniques that may assist in disease 
treatment planning and prognosis. 

In the present study, thick collagen fibers were in a 
parallel arrangement in HG group, relatively organized 
in CG group, but were disorganized in CP group. These 
results are in agreement with those found by several 
authors [11, 20, 21]. Ejeil et al. [11] also stated that 
there was a 20% reduction collagen area in the gingiva 
when comparing normal and severely inflamed gingival 
tissues. 
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The results obtained by immunofluorescence technique 
revealed an apparent higher presence, distribution, and 
expression of the type I collagen in healthy gingiva, when 
compared to diseased gingival tissues. Individual factors 
of the participants may explain the absence of significant 
differences between groups. Other authors also found a 
reduction in the amount of soluble collagen in inflamed 
gingiva [4, 11, 20, 21]. The apparent lower amount of 
type I collagen fibers in diseased gingiva may be explained 
by the fact that due to inflammatory process, inflammatory 
cells (monocytes, macrophages, lymphocytes, polymorpho-
nuclear cells) and resident cells (fibroblasts, epithelial 
cells and endothelial cells) express metalloproteinases 
(MMPs), leading to extracellular matrix disorganization 
and collagen damage [1, 11, 22]. Moreover, according 
Häkkinen et al. [23], with the inflammatory response, the 
organization of the local extracellular matrix is considerably 
modified. In accordance with our results, Séguier et al. 
[1] demonstrated that collagen loss was correlated with 
gingival inflammatory cells during active periodontitis. 

There were no statistical differences to the expression 
of types III and IV collagen when comparing HG group to 
diseased gingiva groups. These results may be explained, 
in part, by individual response to chronic gingival inflam-
mation [8, 24]. Some individuals are more susceptible to 
rapidly destructive disease and others, who have a same 
pattern of periodontal inflammation, are more resistant 
to destructive disease [25]. Other studies showed that 
the degradation of type IV collagen is made by MMP-9 
and modulated by MMP-2 [26, 27]. Nevertheless, further 
studies may be conducted to clarify these findings. 

Analysis of data obtained from Picrosirius red and 
immunofluorescence revealed that despite the increased 
amount of thicker fibers, there was a decrease in the 
homogeneous distribution of collagen in the gingival tissue 
as a whole. In accordance to our results, Lorencini et al. 
[4] observed an increase in the amount of thicker fibers, 
which showed no preferred orientation, despite the 
reduction in the area occupied by these fibers. They also 
found that collagen fibrils are more compact within the 
fibers in inflamed tissue. 

The results of this study suggest a hypothesis based 
on the rearrangement of collagen fibers in the extra-
cellular matrix of the periodontium following periodontal 
disease. This process is characterized by the formation 
of thicker and spaced fibers together with a significant 
reduction in the area occupied by fibrillar collagen in 
the gingival connective tissue. Lorencini et al. [4] also 
hypothesized that a “frustrated repair” of the extracellular 
matrix can occur at the same time as collagen degra-
dation. They also stated that a new configuration of the 
fibers in the connective tissue would contribute to increase 
the progression of the periodontal destruction, leading to 
loss of gingival protection allowing pathogenic micro-
organisms to invade and reach deeper areas of periodontal 
tissue. 

Although the present study offers originality and 
provides evidence regarding morphological and quanti-
tative aspects of collagen fibers in healthy and diseased 
human gingival tissues, some methodological aspects, 
such as sample size and selection, might limited the 

extrapolation of the results. Thus, further studies may 
have conducted with larger and more homogeneous 
samples to clarify the differences between presence and 
distribution of more types of collagen in healthy and 
diseased human gingival tissues. 

 Conclusions 

Following the periodontal disease, there was a 
morphological destruction of the extracellular matrix with 
lower expression of collagen, which led to a change in 
tissue architecture that might compromise its functional 
capacity. There were differences in type I collagen 
expression among healthy, chronic gingivitis and chronic 
periodontitis tissue samples. While based on a relatively 
small number of patients, the observed tendencies could 
inform more ample analyses in the future. 
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