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Abstract
Background           Gingivitis is the �rst step in an abnormal oral condition, which degrades connective
tissue and eventually converts to periodontal diseases leading to alveolar bone and tooth loss.
Thrombospondin-1 (TSP1) and Bcl-2 are key regulators of angiogenesis. The transition from gingivitis
into periodontitis has four stages and disease progression depends very heavily on changes to the
surrounding vasculature structures. We hypothesized that vascular dysfunction plays an important role in
the progression of gingivitis. Here we have measured Gingival Crevicular Fluid (GCF) levels in TSP1 and
Bcl-2-de�cient mice, in which vascular structures are affected, while also looking at the roles that age and
gender play in this process.

Methods           Thirty mice (15 males and 15 females) were divided into three groups of ten (n=10): group
A (WT), group B (TSP1 -/-), and group C (Bcl-2 -/-) were subjected to collection of Gingival Crevicular Fluid
(GCF). Saliva was collected from different groups of mice after subcutaneous injection of pilocarpine. For
the WT group, GCF was monitored for 3, 4, 5 and 6 weeks and the contribution of age was also
considered.

RESULTS:           Samples from Bcl-2 -/- mice showed signi�cantly lower levels of GCF and salivary
secretions, while TSP1-/- mice were larger and secreted more saliva. Moreover, the TSP1-/- mice GCF level
was signi�cantly higher than that of both the WT and Bcl-2 -/- mice. C

ONCLUSIONS:           The absence of Bcl-2 and TSP1 signi�cantly affects the amount of GCF �ow in mice.
This current study con�rms the important role that alteration of pro- and anti-angiogenic factors can play
in the progression of gingivitis and in the amount of salivary secretions. Thus, this type of modulation of
angiogenic proteins provides a great opportunity and a novel platform for developing enhanced oral care
products of the future. TSP1 showed signi�cantly more saliva secretion, and a larger volume of
periodontal pocket. This means that higher level saliva secretion can affect periodontal pocket volume
and eventually oral hygiene.

Introduction
Gingivitis is a relatively mild periodontal disease, and is the most common cause of irritated and swollen
gums [1]. If left untreated it can develop into a more severe form of gum disease, known as periodontitis,
which affects around 50–90% of the adult population worldwide. Gingivitis represents the beginning of
gum disease and affects only the soft tissues around the teeth. During the early stages of development,
gingivitis is reversible and non-destructive. It also responds well to treatment through enhanced oral
hygiene practices. The two primary forms of gingivitis include: plaque induced gingivitis and systemic
factor induced gingivitis [2]. Plaque induced gingivitis is caused by the buildup of bacterial plaques and
the particular bacterial composition of these bio�lms play an important role in disease progression.
Additionally, systemic factors including certain medications or malnutrition are also known to propagate
the negative effects of gingivitis. Gingivitis becomes visible as reddish in�ammatory lesions within the
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gingiva and this in�ammation is a result of interactions between the immune system and external factors
such as bacterial toxins [3]. Removing dental plaque is sometimes di�cult due improper homecare which
can be exacerbated by crowding and malocclusion [4]. Thus, �nding alternative ways to mitigate the
progression of gingivitis is highly desirable.

The initiation and progression of the gingival diseases are closely related to the development of new
capillaries and increased permeability of the capillary lining [5]. Notably, a common hallmark of different
types of gingivitis is an increase in capillary sprouting and increased permeability of blood vessels [6].
These changes are mediated by growth factors, primarily vascular endothelial growth factor (VEGF),
which is likely released by mast cells and neutrophils inducing permeability and angiogenesis in the local
area. Clinically, this presents as �uffy, irritated gums, with oozing and seepage at the later stages. Bio�lm
can be removed easily by maintaining good oral hygiene particularly in patients with healthy, non-
in�amed tissues [7]. Thus, inhibiting angiogenesis in in�amed gingiva could provide a chance to subside
enlarged gingiva and create more access during brushing, which could by itself remove the bacteria and
toxins associated with in�ammation [8]. In this way, it prevents the destructive effects on the supporting
periodontal ligament and alveolar bone, and consequently prevents tooth loss. Nearly 50% of all adults
aged 30 or older—about 65 million people—have signs of gum disease. A study titled Prevalence of
Periodontitis in Adults in the United States: 2009 and 2010 estimates that 47.2 percent, or 64.7 million
American adults, have mild, moderate or severe periodontitis, the more advanced form of periodontal
disease [9]. In adults 65 and older, prevalence rates increase to 70.1 percent. It is important to understand
that if left untreated, the progression of gingivitis to periodontitis generally occurs in four stages as
originally described by Page and Schroeder (1976) and updated by several others over the years [10].

Stage 1
This is the initial stage of gingivitis and development occurs after 2 to 4 days of plaque formation [11]. In
clinical terms, this stage is referred to as the healthy stage and patients do not show any clinical
symptoms. However, upon microscopic analysis, this stage shows in�ammatory responses, which are
indicated by increased vascular activity and migration of in�ammatory cells such as monocytes and
neutrophils. In�ammation also occurs in the connective tissues toward bacterial products speci�cally
bacterial polysaccharides that are present in the gingival sulcus. The migration of neutrophils is
facilitated by intercellular adhesion molecule–1 (ICAM–1) while E-selectin facilitates their migration to
the connective tissues. Additionally, during this stage, there are trivial changes that occur in the blood
�ow to the area such as an increase in vascular permeability resulting in lower levels of in�ammation
[12]. VEGF, also known as vascular permeability factor or vasculotropin, is an important factor for
neovascularization. Angiogenesis leads to an increase in vessel pro�les along the periodontal pocket
wall. It has been observed that VEGF induces permeability of the �uids and proteins at estimated 50,000
times more than histamine suggesting that angiogenesis increases gingivitis. VEGF increases the actions
of micro-vascular permeability and stimulates the proliferation of endothelial cells [13].
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Stage 2
In the second stage of gingivitis, the early lesion develops 5–7 days after accumulation of plaque. The
in�ammation within the gingiva is evident, and there is signi�cant vasodilation at this level, which can
lead to an erythematous appearance. Of note, more in�ammatory leukocytes, speci�cally lymphocytes,
are recruited to the local in�ammatory sites. An increase in GCF causes more transmigration of
neutrophils, which can produce the growth factor VEGF, and stimulate angiogenesis and the formation of
new blood vessels. As a result of edema in the gingival tissues, the gingiva may appear moderately
swollen, and accordingly, the gingival sulcus can become deeper. This makes the mechanical removal of
plaque signi�cantly harder to achieve. The mast cells or neutrophils are stimulated by toxins, which
release vasoactive mediators that cause vasodilation leading to increased blood �ow. The tissues
permeability leads to escape of exudates, which are secreted out of the sulcus as the GCF. The leucocytes
and neutrophils escape by adhering to the capillary vessels [14]. After about 5–7 days of plaque
accumulation, the early lesions develop. During this stage, in�ammation is readily visible and signi�cant
vasodilation occurs leading to the appearance of erythematous tissues. This stimulates the defense
system, which results in the recruitment of lymphocytes to the in�amed sites and disease propagation
occurs. As the GCF increases in volume, the neutrophils transmigrate and produce vascular VEGF, which
is capable of initiating angiogenesis and stimulating the new blood vessel formation. This leads to
moderate swelling of the gingiva. At this stage, mechanical removal of the plaque is harder as the
location of the bacterial challenge is established more deeply into the gingival sulcus [11].Finally,
collagen can be observed to degrade in parts of the lateral and apical junctional epithelium, and these
cells can proliferate into collagen depleted areas of the connective tissue to ensure barrier integrity is
established.

Stage 3
In the third stage, Established lesion, based on the quantity and composition of plaque, as well as the
host immune response which is under the in�uence of a number of other risk factors dictates whether
these lesions either progress or stay stable. This constant battle between bacterial challenge in plaque
accumulation and the subsequent host response to these pathogens is the foundation for periodontal
disease pathogenesis. Depending on the level and composition of the plaque, gingivitis can either remain
stable at this stage or develop further [15]. The established lesion stage is dominated by plasma cells.
Collagen destruction can also continue due to the dysregulated release of neutrophilic lysosomal
contents, including proteolytic enzymes. These cells also produce MMP–8 and MMP–9 in high
concentrations, contributing to the sustained in�ammatory response [16]. Notably, the pocket epithelium
may be ulcerated and as a result is less able to resist the passage of a periodontal probe, and bleeding on
probing is a common feature of chronic gingivitis. Although this state is manifested by high
in�ammation, it is still possible to reverse the disease if there is a way of controlling the plaque vessels
[14]. The in�ammatory changes associated with this stage are still completely reversible if effective
plaque control is reinstituted. It is at this stage that gingivitis becomes chronic with the in�ammation
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ranging from moderate to severe in�ammation. In�ammation and reddening of the gums continues due
to continuous leaking of the blood plasma. The viscosity of the blood makes it di�cult to move. At this
stage, the red blood cells are broken down into pigments and escape to the connective tissues. This
increases the level of in�ammation due to the nature of the erythematous gingiva. It should be
remembered that this stage is characterized by the intense chronic in�ammation predominated by
plasma cells. The proliferation of rete ridges arising from junctional epithelium into the connective tissue
is pronounced and there is further destruction of the collagen tissues. Chronically in�amed gingiva
appears edematous when clinically assessed [17].It appears boggy and is usually deep red or bluish red
in color. It may appear blue due to the sluggish �ow of blood, which may cause anoxemia or de�ciency of
oxygen in the blood.

Stage 4
In the last stage, angiogenesis expands to nourish advanced lesions. The extensive tissue damage is
primarily caused by the in�ammatory responses, and yet the initiating factor, the bacterial bio�lm, is not
eliminated. Thus, destruction of collagen �bers in the periodontal ligament continues and bone resorption
progresses. Of note, the junctional epithelium migrates apically to maintain an intact barrier, and as a
result, the pocket can deepen fractionally. In clinical terms, this can make it even more di�cult to remove
the bacteria, and to disrupt the bio�lm through oral hygiene techniques, and thus perpetuating the cycle
of in�ammation and associated pathology. Figure1. shows a summary of progression of gingivitis and
potential mechanisms and actions on surrounding tissues. The �nal stage of development of gingivitis is
referred to as the advanced lesion stage [14]. The extensive tissue damage is primarily caused by the
in�ammatory response. The initiating factor which contributes to the disease is the bacterial bio�lm
which remains in the gingiva. If it is not removed, it will lead to the destruction of collagen �bers in the
periodontal ligament and subsequently bone resorption ensues. It has been observed that removal of
bacteria in active periodontally compromised lesions is signi�cantly more di�cult than in lesions limited
to the gingiva. However, disturbing the bacteria by removing the bio�lm using oral hygiene techniques
can reverse the situation and cure the in�ammation [11].Many studies indicate that the progression of
oral disease depends on the architecture of vasculature. The architecture of vasculature plays an
important role in bringing nutrients, oxygen, and immune cells to the site. In addition, gingivitis normally
is reversible and by removal or elimination of the causing factors it will return to normal condition and
disappear. Gingivitis once it has converted to periodontal disease is not reversible. Therefore, the control
of this in�ammatory process is imperative.

Higher rate of gingivitis in patients with systemic in�ammatory disease are the result of imbalance
between pro-angiogenic and anti-angiogenic factors, where pro-angiogenic factors are being over
activated because of in�ammation. [18]At this stage, physiological angiogenesis converts to pathological
angiogenesis. The stimulation of forming new capillaries eventually turn to the chronic stage
pathogenesis of multiple chronic diseases, such as psoriasis, rheumatoid arthritis, osteoarthritis,
metabolic syndrome, [19] (equivalent to stage 3 and 4 of gingivitis). Higher level of gingivitis can be
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found in different immune-in�ammatory diseases, which all share common features of overgrowing new
capillaries, and expressing in�ammatory factors that support this hypothesis. Given the above
information and studies about gingival diseases. Gingivitis can be categorized as “immune-driven
angiogenesis”, which is highly related to angiogenesis. Higher volume of vasculature is noted in gingivitis
compared to healthy gingival.

Gingivitis is initiated by alteration in vascular architecture and proceeds with higher �ow rate in in�amed
gingiva. Highest laser reading �ow rate is reported in chronic gingivitis [20] and subsequently in acute
gingivitis. Persistent gingivitis results in sprouting capillaries speci�cally capillary loops arching toward
the epithelium [21]. But it can also lead to expanding periodontal pockets that protect the bacteria in that
site. Therefore, we selected mice de�cient in TSP1 as a model for enhanced pro-angiogenic activity, and
Bcl–2 de�cient mice as a model for diminished angiogenic activity.

Here, we investigated the role of angiogenic regulatory genes including TSP1and Bcl–2 on periodontal
pocket and secretion of saliva. Periodontal Pocket has a close correlation with the volume of gingival
crevicular �uid. [22]. GCF is derived from the circulation after having permeate through the diseased soft
tissue of the periodontal pocket and thus the volume is an indicator of disease process.

Methods
All animal care and procedures were in agreement with the Principles of Laboratory Animal Care and
approved by the Institutional Animal Care and Use Committee of the University of Wisconsin School of
Medicine and Public Health. The source of all mice was Jackson Lab (Sacramento, CA USA). The
housing and condition of mice was the same as our previous investigation [23] performed at the
University of Wisconsin- Madison, WI.

Breeding colony and preparation of animals:
Thirty mice (15 males and 15 females) including three groups (WT, TSP1 -/- and Bcl–2 -/-) were selected,
�ve males and �ve females per group were arranged in three groups. We maintained a breeding colony of
WT, TSP1-/-, and Bcl–2 +/- mice, and the progenies with the desired genotype were used.

GCF Collection:
GCF collection was performed according to methods presented by Matsuda et al. [24]. Brie�y, mice were
anesthetized and placed in a holder for easier handling, and then were fresh weighed absorbent paper
points (Spident, Meta Biomed Co, Incheon, Korea) around the second molar at the left and right sides.
After 10 min, the paper points from both sides were collected and then weighed using an analytical
balance to a sensitivity of ±0.05 μg. In order to avoid bleeding, the bleeding cases were excluded from
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study. procedure are visulaized on the isolated mandible on �gure 3, but we should mention that this step
was done in alive mice.

Saliva Collection
Saliva collection was performed according to methods presented by Saghiri et al. [23]. Brie�y, mice were
anesthetized and placed in a holder for easier handling, and then were given pilocarpine 80 mg/kg in 0.1
mL subcutaneously. The saliva was collected in two 5-min intervals using a simple suction device. The
animal’s nose remained unobstructed for unhindered respiration. According to Saghiri et al. [23], tubing
was used to collect the saliva from the oral cavity, while the nose was allowed to remain free for
unhindered respiration. Saliva collection was performed every 15–30 sec for 10 min and accumulated on
ice. The investigator was masked to the mice genotype for saliva collections. This section evaluation of
samples was performed on postnatal day 21 only. All animals were euthanized with CO2 according to
Laboratory Animal Care and approved by the Institutional Animal Care and Use Committee of the
University of Wisconsin School of Medicine and Public Health by the end of this investigation.

Statistical Analysis:
Data of GCF and saliva collection were analyzed by two-way ANOVA, Levene’s, and Kruskal Wallis tests.

Results
Current investigation used A two-way ANOVA test to determine the effect of two nominal predictor
variables on a continuous outcome variable. That is, it compares the mean differences between groups
that have been split on two independent variables (called factors). in addition, we wished to determine the
effect of gender (male and female) and the mouse genotype (WT, TSP1 -/-, and Bcl–2 -/-) on the volume
of GFC and saliva collected. Thus, the study compared the mean differences in the volume of GFC and
saliva (dependent variable) collected by gender and the genotype (two independent variables).

To determine the status of oral hygiene and periodontal in�ammation, we determined the volume of GCF
production in these mice. Across all the various types of mice, including: WT, TSP1 -/-, and Bcl–2 -/-, the
volume of GCF collected was higher for female mice compared to that of male mice. Mean volume of
GCF collected was very low for Bcl–2 -/-mice among both male and female mice, however, TSP1 -/- had
the highest average GCF volume regardless of gender (Fig.4).

Comparison of Variance using Levene’s test
Results indicated that the P-value (0.381) is greater than 0.05, which indicates that the variance of the
volume of GCF is equal across the groups. The results indicated that gender has an effect on the volume
of GCF collected, thus, there is a signi�cant difference in the mean volume of GCF collected between the
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male and female mice (P = 0.005). Similarly, the test also showed a signi�cant effect of mice genotype
on the volume of GCF collected. Thus, there was a signi�cant difference in the mean volume of GCF
collected from the three types of mice, whether wild type (WT), TSP1 -/-, or Bcl–2 -/- (P = 0.000). However,
there was no signi�cant effect of interaction between the gender and the mice genotype on the mean
volume of GCF collected (P = 0.382). Thus, the mean volume of GCF collected from any mice genotype
was not in�uenced by the gender. Pairwise Comparison of mean volume of GCF by gender indicated
thaton the average female mice had a higher GCF volume (mean = 212, C.I = [199.909, 224.358])
compared with that of male mice (mean = 186.000, C.I = [173.775, 198.225]), and this difference was
statistically signi�cant (P = 0.005) as shown in the pairwise comparison table. In addition, Pairwise
Comparison of mean volume of GCF by mice genotype revealed that the volume of GCF was higher TSP1
-/- mice (mean = 315.10, C.I = [300.128, 330.072]), followed by the wild type mice (mean = 198.500, C.I =
[183.528, 213.472]). Whereas Bcl–2 -/- mice recorded the lowest mean GCF volume. These differences
are statistically signi�cant (P = 0.005).

Saliva Data Results
The statistical results that collected from Saliva are shown in Figure 3, and indicated the mean volume of
saliva collected is higher for Wild (WT) and TSP1 -/- male mice compared to the same genotype of
female mice. However, female Bcl–2 -/- mice had a higher volume of saliva relative to that of Bcl–2 -/-
male mice.

Comparison of Variance using Levene’s test
This tests the null hypothesis that the error variance of the volume of saliva is equal across the groups.
Results indicated that the p-value (0.002) is less than 0.05, which indicates that the variance of the
volume of saliva is unequal across the groups.

Testing the effects of Gender and Type of mice on the
volume of collected saliva
Statistical Results indicated that the gender had an effect on the volume of saliva, thus, there is a
signi�cant difference in the mean volume of saliva collected between the male and female mice (P =
0.008). Similarly, the test also showed a signi�cant effect of the mice genotype on the volume of saliva
collected. Thus, there was a signi�cant difference in the mean volume of saliva collected among the three
types of mice, whether wild type (WT), TSP1 -/-, or Bcl–2 -/- (P = 0.000). However, there is no signi�cant
effect of interaction between gender and mice genotype on the mean volume of saliva collected (P =
0.113). Thus, the mean volume of saliva collected for any of the three mice genotypes was not in�uenced
by gender. Pairwise Comparison of mean volume of saliva by gender con�rmed thaton the average male
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mice had a higher volume of saliva (mean = 1.052, C.I = [0.980, 1.124]) compared to that of female mice
(mean = 0.909, C.I = [0.837, 0.981]), and this difference is statistically signi�cant (P = 0.005).

Pairwise Comparison by mice genotype.
These results indicated that the saliva volume was higher for TSP1 -/- mice (mean = 1.732, C.I = [1.644,
1.820]), followed by the wild type (mean = 0.988, C.I = [0.900, 1.076]), whereas Bcl–2 -/-mice recorded the
lowest mean volume of saliva. These differences are pairwise statistically signi�cant (P = 0.005).

GCF volume collected from WT type mice at different time
points (3, 4, 5 and 6 weeks)
The result form the role of age on GCF volume is shown in Fig. 6. This indicated that volume of GFC
collected from the wild type mice at different time points decreased with an increase in time for female
mice. It increased a bit in week four and then decreases afterwards (from week 5 onwards). Generally, we
observe a downwards trend in the GFC volume collected from WT mice across both sexes.

Figure 6 shows that time has a signi�cant effect on the volume of GFC for the wild type mice (P = 0.000).
That is, the time point at which the experiment was conducted has an effect on the amount of GFC
collected from the wild type mice. However, gender differences were not statistically signi�cant with P =
0.137. The results displayed in Figure 4 indicated that the time has signi�cant effect on the volume of
GFC from the wild type mice (P = 0.000). That is, the time point at which the experiment was conducted
has an effect on the amount of GFC collected from the wild type mice. However, gender was not
statistically signi�cant with P = 0.137.

Discussion
The current study investigated the impact of angio-regulatory genes, namely TSP1 and Bcl–2 expression
on GCF volume and periodontal pocket volume as indicators of gingivitis. We also measured the levels of
saliva secretion in these mice. Mice share structural, functional and genetic traits with humans [25].
Moreover, powerful molecular and genetic tools developed in the past two decades make mice an ideal
animal model to study complex traits. Previous studies indicated that secretion of saliva has a close
correlation with periodontal disease including gingivitis by enhance the mechanisms of plaque
mineralization [26, 27]. In addition, the development and maturation the periodontal problems could be
in�uenced by angio-regulatory genes such as Bcl–2,TSP–1 expression. However, the apparently
diminished potential angiogenic activity In Bcl–2-/- mice could prevent the formation of GCF volume.

GCF is an in�ammatory exudate that is normally considered an indicator of periodontal disease. Our
results showed that the GCF for WT mice increased during 3–6 weeks of age. Gingivitis is not simply
caused by the presence of plaque but is also dependent on the host response including in�ammation and
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changes to the vascular density of the periodontal apparatus. Thus, the results of the current study
revealed that the alteration vasculature density in Bcl–2-/- and TSP–1-/- mice, may adversely affect GCF
secretion. Future studies will focus on the impact of exogenous factors designed to target these types of
angio-regulatory genes and the exciting role they will play in mitigating the in�ammatory process in
gingivitis.

Angiogenesis can be regulated by many factors including trace elements [28–31] and it is critical for
regeneration and healthy tissue particularly in oral and maxillofacial area [32]. By targeting speci�c
pathways like angiogenesis that are known to play a crucial role in the development of periodontal
disease, we may be able to intervene in this process at an earlier stage and dramatically alter the course
of the disease. As periodontal health is the goal of our research, we should focus our efforts as close to
that baseline goal as possible. Rather than attempting to simply combat advanced disease once it
reaches an irreversible stage, prevention as we described previously is of paramount importance. Due to
the global scale and prevalence of gingivitis and periodontal disease, the potential epidemiologic impacts
of this work are extraordinary. By studying disorders like gingivitis that affect nearly the entire global
population, every breakthrough can have a profound impact. It is for that reason that we focused our
work on early intervention of such a prevalent and complicated disease. Additionally, the assumption that
the systemic health of the periodontal patient does not play a key role in disease pathogenesis has been
thoroughly debunked in the literature and the American Academy of Periodontology’s position on the
correlation between gum disease and other systemic diseases including heart disease and diabetes is
very clear.

This work was supported by an unrestricted award from Research to Prevent Blindness to the Department
of Ophthalmology and Visual Sciences, Retina Research Foundation, P30 EY016665, P30 CA014520, EPA
83573701, EY022883, and EY026078. NS is a recipient of RPB Stein Innovation Award.

Conclusion
The control of gingival in�ammation through regulation of angiogenesis may have positive impacts not
only for oral health but systemic health as well.

In this particular study, a mouse model was selected to evaluate periodontal disease progression in
humans. The use of rodent models for this exact purpose has been extensively documented in the
literature and in particular, the genetic manipulation of mouse models have shown great promise in
evaluating the subsequent host response and their role in the disease process[25].

We believe this area should be investigated further because too many of our current treatments for
combating periodontal disease is focused on the bacterial challenge alone. However, as we described
previously, periodontal destruction is due not only to the presence of bacterial plaque but due to the
destructive mechanisms inherent within our own host response. By focusing on the host response to a
bacterial challenge, we may approach treatments from a new perspective. The overuse of antibiotics in
medicine and dentistry is known to have enormous societal impacts including bacterial resistance and
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reduced effectiveness of some of our life saving medications. By identifying new targets in the treatment
of some of our most prevalent diseases such as gingivitis, we may yet again circumvent another massive
obstacle and �ght epidemics on a global scale.
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Figure Legends
Figure1. shows a summary of progression of gingivitis and potential mechanisms and actions on
surrounding tissues. Bcl–2 knockout mice generally have lower weight that other type of mice.

Figure 2. Steps for GCF Collection.

Fig 3, The mean and trend of GCF collection from Wild type (WT), TSP1 -/-, and Bcl–2 -/-, the average
(mean) volume of GCF ( µg).

Figure 4. The Mean and SD for Saliva collected from Wild type (WT), TSP1 -/-, and Bcl–2 -/- (mL).

Figure 5. The Mean and SD for GCF volume (µg) collected from WT type mice in different time points (3,
4, 5, and 6 weeks).

Figures
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Figure 1

shows a summary of progression of gingivitis and potential mechanisms and actions on surrounding
tissues. Bcl-2 knockout mice generally have lower weight that other type of mice.
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Figure 2

Steps for GCF Collection.
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Figure 3

The mean and trend of GCF collection from Wild type (WT), TSP1 -/-, and Bcl-2 -/- , the average (mean)
volume of GCF ( µg).
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Figure 4

The Mean and SD for Saliva collected from Wild type (WT), TSP1 -/-, and Bcl-2 -/- (mL).
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Figure 5

The Mean and SD for GCF volume (µg) collected from WT type mice in different time points (3, 4, 5, and 6
weeks).


