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Aims: To evaluate and compare changes in salivary flow rate and salivary levels of TIMP-1 and TIMP-2 in
individuals taking oral Isotretinoin (INN) with those who do not take INN. To assess the variation in TIMP-
1 and TIMP-2 as well as salivary flow rate observed at different stages of periodontal disease in compar-
ison to those observed in the case of healthy periodontium.
Materials and methods: An examiner-blind case-control study involving 180 human adults divided into
six groups based on their periodontal status. Clinical parameters, including pocket depth, clinical attach-
ment level, and bleeding on probing were measured at six sites per tooth. Whole unstimulated saliva
samples were collected from all subjects to evaluate salivary flow rate (SFR). Salivary TIMP-1 and
TIMP-2 levels were detected using enzyme-linked immunosorbent assay (ELISA). Data were analyzed
using IBM SPSS Software. The Kruskal Wallis test and Mann-Whitney U-tests were employed to verify
any significant differences between the groups for all parameters. Multi-regression analysis was per-
formed for each parameter tested in each group. All tests were compared at a significance level of 0.05.
Results: SFR was statistically significantly lower among all INN groups in comparison to the control
groups (P < 0.001). TIMP-1 and TIMP-2 were significantly higher in all INN groups in comparison to
the control groups, in both gingivitis cases (P = 0.004, P < 0.0001 respectively) and periodontitis cases
(P < 0.0001).
Conclusion: Although INN reduces salivary flow rate, the findings of the present study revealed that it had
an anti-inflammatory effect in periodontal biomarkers. Specifically, it was positively correlated with an
elevation of salivary TIMP-1 and TIMP-2. Hence, INN might be a future additive medication to be further
evaluated for the treatment of periodontal diseases.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Isotretinoin (INN), which is also known as 13-cis-Retinoic acid
(brand name; Roaccutane/Accutane-Roche, Switzerland), is an oral
administrative drug that belongs to a class of drugs known as reti-
noids (WHO Drug Information, 2017). It is predominantly used to
treat severe nodular acne that has not responded to other treat-
ment (Harms et al., 1986), and it has been approved for use as a
treatment for acne in the United States since 1982 (Bauer et al.,
2016). In terms of the anti-inflammatory properties, Isotretinoin
has been found to inhibit the action of the matrix
metalloproteinase-9 (MMP-9) in facial sebum without influencing
the action of tissue inhibitors of metalloproteinases-1 and �2
(TIMP-1 and TIMP-2) (Papakonstantinou et al., 2005). It is well
known that MMPs are a group of enzymes that are responsible
for the degradation of most extracellular matrix proteins during
organogenesis, growth, and normal tissue turnover (Uitto et al.,
2000. 2003). They have been found to play a significant role in tis-
sue destruction during the progression of periodontal diseases
(Marcaccini et al., 2009). Although multiple studies have described
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the presence of various MMPs, such as MMP-2, MMP-7, and MMP-
14 (Tervahartiala et al., 2000), in the gingival tissue, the most
widely investigated MMPs in the GCF and saliva are MMP-8,
MMP-9, and MMP-13 (Choi et al., 2004; Beklen et al., 2006;
Kumar et al., 2006; Arias-Bujanda et al., 2020). Collagenases, espe-
cially MMP-8, and gelatinases, especially MMP-9, are used as
markers of active periodontal destruction and disease activity in
GCF, saliva and serum (Marcaccini et al., 2009; Rai et al., 2008;
Ingman et al., 1996). It is believed that MMP-8 and �9 are primar-
ily responsible for collagen degradation in the inflamed tissue
observed in cases of gingivitis and adult periodontitis (14). There-
fore, it is logical to consider these proteolytic enzymes to represent
good indicators for periodontal inflammation. The destroying
activity of MMPs can be controlled by inhibiting their action which
can be mediated by the four members of the tissue inhibitor of
metalloproteinase (TIMP) family (Brew et al., 2000). TIMPs proteins
are responsible for regulating the extracellular activity of MMPs
(Brew et al., 2000). Therefore, alterations in TIMP expression are
known to occur in many disease processes (Uitto et al., 2000.
2003).

The purpose of the present study was to evaluate changes in
salivary flow and the salivary levels of TIMP-1, and TIMP-2 in
patients who had been prescribed oral INN for the treatment of
cutaneous acne before comparing the outcomes observed with
those from patients suffering from different stages of periodontal
disease.
2. Material and methods

2.1. Study sample

By using G Power software, a confidence level of 95% and a
power level of 80% was set with a moderate effect size with a final
sample size of 180 human subjects (Cohen, 1988). The study
involved 6 groups with 30 subjects in each group. The study pop-
ulation consisted of 180 voluntary participants (>18 years old),
consisting of 90 patients who were taking Isotretinoin and attend-
ing the Dermatology Clinic at King Khalid University Hospital and
90 control volunteers who were not taking the medication and
were attending the Dental University Hospital at King Saud Univer-
sity. All subjects who were receiving 0.5 or 1.0 mg/kg/day dose of
oral INN (Roaccutane�) for cutaneous lesions for a minimum of
3 months were included. Subjects were excluded from the study
if they received any periodontal treatment or antibiotic therapy
for medical or dental reasons three months prior to the investiga-
tion. In addition, any subject who was taking long-termmedication
that is known to affect the periodontal status or salivary flow or
had a history of metabolic bone diseases, autoimmune diseases,
diabetes, or postmenopausal osteoporosis was excluded. Pregnant
women and smokers were also excluded from the study. The study
protocol (E-19–3856) was approved by the Institutional Review
Board (IRB) of King Saud University Medical City.
2.2. Clinical measures

After explaining the study protocol to the participants and
obtaining their informed consents, two examiners (AZ and MK),
who were blind to the patients’ use of the medication (INN),
assessed all teeth, except third molars, for periodontal clinical
parameters. The clinical measurements that were performed
included pocket depth, clinical attachment level, and bleeding on
probing, which was measured at six sites per tooth using a Wil-
liam’s probe. All measurements were read to the nearest 0.5 mm.
Based on the collected clinical and radiographic data, each subject
was diagnosed according to the latest classification scheme for
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periodontal diseases and conditions (2017) (Caton et al., 2018).
After the INN-taking subjects underwent a periodontal examina-
tion they were divided into three groups. The first group was com-
posed of subjects with healthy periodontium (HINN) (n = 30), the
second group was composed of subjects with generalised plaque-
induced gingivitis (GINN) (n = 30), and the third group was com-
posed of subjects with generalised Stage I periodontitis (PINN)
(n = 30). The negative control group, which included subjects
who were not taking the medication (INN), were categorised in
the same manner. The first group was composed of subjects with
healthy periodontium (HC) (n = 30), the second group included
subjects who were diagnosed with generalized plaque-induced
gingivitis (GC) (n = 30), and the third group included subjects
who were diagnosed with generalised Stage I periodontitis (PC)
(n = 30) (AlJasser et al., 2021).

2.3. Intra-examiner and Inter-examiner reliability

The two examiners (AZ and MK) performed clinical measure-
ments on two randomly selected participants. These measure-
ments were repeated after 10 days, and the Cohen’s Kappa Score
was used to measure the reliability level.

2.4. Assessment of salivary flow rate

2.4.1. Subjective assessment
The subject’s responses to a health questionnaire were mea-

sured by asking them four closed questions, as follow:

1- Does the amount of saliva in your mouth seem too little?
2- Does your mouth feel dry when eating a meal?
3- Do you have difficulty swallowing any food?
4- Do you sip liquids to aid in swallowing dry food?

‘‘Yes” responses to these four questions were deemed to be sig-
nificantly associated with a low salivary flow rate
(Papakonstantinou et al., 2005).

2.4.2. Objective assessment
Subjects were instructed not to eat, smoke, or drink for at least

three hours prior to saliva collection. To minimize fluctuations
related to circadian rhythm in salivary secretion, all collections
were performed at a fixed time of day. Subjects were instructed
to relax and swallow all saliva present in their mouths five minutes
before starting the saliva collection. While seated and leaning for-
ward, they were asked to spit all the saliva they produced into a
graduated test tube over a period of five minutes. The collected
whole unstimulated saliva was then measured by volume and
expressed as milliliters per minute (ml/min). SFR measurements
were performed by one examiner (M.K.) (Navazesh and Kumar,
2008). The samples were then stored at �80 �C before being ana-
lyzed for TIMPs (Hu et al., 2007).

2.5. Enzyme-linked immuno-sorbent assays

Enzyme-linked immunosorbent assay (ELISA) (Elabsciences �,
Houston, Texas, USA) was used to study the levels of TIMP-1 and
TIMP-2 within the saliva samples. Twenty-four hours before anal-
ysis, samples were transferred to storage at 4 �C for gradual thaw-
ing. After thawing, the saliva samples were centrifuged for 20 min
at 1000 rcf in a bench top-refrigerated centrifuge before the super-
natant was collected to carry out the assay. A duplicate of each sal-
iva sample was used in the micro-ELISA plates to verify the
accuracy. The Sandwich-ELISA ELISA kit was employed in accor-
dance with the manufacturer’s instructions. The micro-ELISA plate
was pre-coated with an antibody specific to Human TIMP-1 and
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TIMP-2. Standards and samples were added to appropriate micro-
ELISA plate wells and combined with the specific antibody. Wells
containing Human TIMP-1 and TIMP-2 biotinylated detection anti-
body and Avidin-HRP conjugate appeared blue in color. The
enzyme-substrate reaction was terminated by adding a Stop Solu-
tion, which appeared yellow in color. The optical density (OD) was
measured at a wavelength of 450 nm ± 2 nm using a Biotek Syn-
ergy HT microplate reader (Synergy HT, Biotek, Vermont, USA).
The OD value was proportional to the concentration of Human
TIMP-1 and TIMP-2.

2.6. Data Analysis:

Data were analyzed using IBM SPSS statistical software, Version
21.0 (IBM Inc., Chicago, USA). Non-parametric statistical tests
(Kruskal Wallis test and Mann-Whitney U test) were used as the
outcome variables were skewed, to compare the mean ranks of
the outcome variables in relation to the six study sub-groups
within each group and between the two groups. Pearson Chi-
square test was used to compare the distribution of categorical
responses across the study groups. Kappa statistics were used to
quantify the agreement and report the intra and inter-examiner
reliability. A P-value of � 0.05 was deemed to be of statistical
significance.

3. Results:

A total of 180 subjects with a mean age of 24.8 years were
included in this study. Of the 180 subjects, 101 were females
(56%) and 79 were males (44%). Table 1 shows the descriptive
statistics (mean, standard deviation, and frequencies) of the study
variables across the six study groups.

3.1. Subjective assessment of salivary flow rate

The differences in the subjects’ responses to the four questions
were highly statistically significant between the INN groups and
control groups (P < 0.0001). A higher proportion of the subjects
in the INN groups responded positively to all four questions (i.e.,
‘Yes’), in comparison to the subjects in the control groups, as
shown in Table 2 and Table 3.

3.2. Objective assessment of salivary flow rate

The comparison of mean saliva rate across the six study groups
revealed that there was a highly statistically significant difference
(P < 0.001) in the amount of saliva collected, as shown in Fig. 1.
Overall, the mean saliva rate of the three control groups was statis-
tically significantly higher than the rate observed among the other
three INN groups. Within the three INN groups, the mean saliva
rate values of PINN group were statistically significantly lower
Table 1
Descriptive statistics of outcome variables across the six study groups.

Variables HC HINN G

Age (years) mean(SD) 24.9(5.4) 24.7(3.5) 2
Gender (Males:Females) 11:19 16:14 1
Objective assessment of salivary flow rate (ml/min)
Saliva Rate Mean(SD) 0.34(0.20) 0.28(0.17) 0
Enzyme-linked immunosorbent assay ELISA (ng/mL)
TIMP-1 Mean(SD) 1.3(1.8) 4.14(4.7) 0
TIMP-2 Mean(SD) 1.6(3.8) 26.7(28.9) 2
MMP-9/TIMP-2Mean(SD) 2164.6(7068.9) 145.9(730.6) 1

*Statistically significant; BOP, bleeding on probing; MMP, matrix metalloproteinase; TIM
periodontium; HINN, INN using subject with Healthy periodontium.; GC, Control subjec
Generalized Periodontitis Stage I; PINN, INN using subject with Generalized Periodontit
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than the other two study groups, HINN and GINN. Among the three
control groups, the mean saliva rate values were higher in the PC
group in comparison to the other two control groups, HC, and
GC. The comparison of the mean saliva rate between the GINN
and GC groups revealed that the saliva rate production of the par-
ticipants in the GINN group was statistically significantly lower
(P = 0.019) than that of the GC group. The comparison of the mean
saliva rate between the PINN and PC groups revealed that the sal-
iva rate production of the participants in the PINN group was sta-
tistically significantly lower (P < 0.0001) than that of the PC group.

3.3. Enzyme-linked immunosorbent assay (ELISA)

There was no statistically significant difference in the mean
ranks of the MMP-9/TIMP-2 between the GINN and GC groups
(P = 0.712). However, a comparison of the mean ranks of TIMP-1
and TIMP-2 levels revealed that there was a highly statistically sig-
nificant difference between the GINN and GC groups (P = 0.004,
and P < 0.0001, respectively). The values were significantly higher
in the GINN group than the GC group, as shown in Fig. 2. The com-
parison of the mean ranks of TIMP-1, TIMP-2, and MMP-9/TIMP-2
between PINN and PC groups showed highly statistically signifi-
cant difference (P < 0.0001). The mean ranks of the TIMP-1 and
TIMP-2 were significantly higher in the PINN group than the PC
group, as shown in Fig. 3.

4. Discussion

This study was concerned with the oral side effects of INN,
which is a significant reduction in SFR, as reported subjectively
by the medication takers and measured objectively by the clini-
cians by measurement of the whole unstimulated saliva (Erdemir
et al., 2017; Lupi-Pégurier et al., 2007; Oikarinen et al., 1995). In
the current study, a significantly higher reduction in SFR was
observed in the group with generalized periodontitis Stage I in
comparison to other groups. Although a lower SFR was found in
subjects with generalized periodontitis Stage I who were taking
INN, the anti-inflammatory biomarkers TIMP-1 and TIMP-2 were
significantly higher in these subjects than in those who were not
taking the medication, with the same periodontal diagnosis and a
much higher SFR. This finding is contrary to the hypothesis that
there is a correlation between SFR and periodontal disease. Fur-
thermore, in addition to the current study, multiple studies have
proved the weakness of this relation (Crow and Ship, 1995;
Shaila et al., 2013; Syrjälä et al., 2011).

To the best of our knowledge, the present study is the first of its
kind to illustrate the relation between isotretinoin use and salivary
levels of TIMP-1 and TIMP-2. Previous speculations can be con-
firmed by changes of tissue inhibitors of metalloproteinases
(TIMP-1, TIMP-2), which are considered to represent anti-
inflammatory biomarkers that increase according to states of peri-
C GINN PC PINN

5.2(7.8) 23.6(3.8) 26.2(2.4) 24.1(3)
6:14 13:17 15:15 8:22

.40(0.22) 0.28(0.15) 0.72(0.16) 0.22(0.11)

.78(1.4) 3.24(3.5) 4.2(3.2) 147.7(171.2)

.2(2.9) 9.4(10.5) 3.2(2.8) 23.7(12.0)
78.4(330.4) 33.3(100.5) 250.8(196.9) 4.5(2.9)

P, tissue inhibitors of matrix metalloproteinase; HC, Control subject with healthy
t with Gingivitis; GINN, INN using subject with Gingivitis; PC, Control subject with
is Stage I.



Table 2
Subjective assessment of salivary flow rate, comparison between the Gingivitis groups.

GINN GC

Number (Yes:No) % (Yes:No) Number (Yes:No) % (Yes:No) Χ2-value P-value

1- Does the amount of saliva in your mouth seem too little? 24:6 80:20 8:22 26.7:73.3 17.14 <0.0001*
2- Does your mouth feel dry when eating a meal? 18:12 60:40 1:29 3.3:96.7 22.23 <0.0001*
3- Do you have difficulty swallowing any food? 15:15 50:50 2:28 6.7:93.3 13.87 <0.0001*
4- Do you sip liquids to aid in swallowing dry food? 27:3 90:10 10:20 33.3:66.7 20.38 <0.0001*

* Statistically significant; GC, Control subject with Gingivitis; GINN, INN using subject with Gingivitis.

Table 3
Subjective assessment of salivary flow rate, comparison between the periodontitis groups.

PC PINN

P-value X2-value % (Yes:No) Number (Yes:No) % (Yes:No) Number (Yes:No)

<0.0001* 60.0 0:100 0:30 100:0 30:0 1- Does the amount of saliva in your mouth seem too little?
<0.0001* 56.13 0:100 0:30 96.7:3.3 29:1 2- Does your mouth feel dry when eating a meal?
<0.0001* 56.13 0:100 0:30 96.7:3.3 29:1 3- Do you have difficulty swallowing any food?
<0.0001* 56.13 0:100 0:30 96.7:3.3 29:1 4- Do you sip liquids to aid in swallowing dry food?

* Statistically significant; GC, Control subject with Gingivitis; GINN, INN using subject with Gingivitis.

Fig. 1. Comparison between the six groups in the mean ranks of their SFR.

Fig. 2. Comparison between Control subjects with Gingivitis (GC) and INN taking subjects with Gingivitis (GINN) in the levels of TIMPs.
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Fig. 3. Comparison between Control subjects with Generalized Periodontitis Stage I (PC) and INN taking subjects with Generalized Periodontitis Stage I (PINN) in the levels
of TIMPs.
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odontal health (Nizam et al., 2014). In the present study, statisti-
cally significant higher levels of TIMP-1 and TIMP-2 were found
in patients taking INN compared to those who were not taking
the medication. These results can indicate the strong anti-
inflammatory effect of INN, which has already been proven and
used to treat different systemic inflammatory diseases in various
medical fields; for example, inflammatory acne vulgaris, psoriasis
(Arechalde and Saurat, 2000), and rosacea (Rebora, 2002). Finally,
no previous studies have measured salivary TIMP-1 and TIMP-2
in similar participants.

An in-vitro experiment investigated the effect of different forms
of vitamin A on human gingival fibroblast. The author concluded
that Vitamin A helped to increase gingival fibroblast population,
growth, collagen production, and connective tissue strength
(Ozick, 1993). Moreover, this investigation led to a patent award
on the local use of Vitamin A safe forms, including INN for the
treatment of severe signs of periodontitis, which strongly supports
the findings of the present clinical study. Another study, however,
found that systemic retinoids have no positive effect on periodon-
tal disease when observed in Papillon Lefevre Syndrome patients
(Systemic retinoid medication and periodontal health in patients
with Papillon-Lefèvre syndrome., 1996). This difference in the find-
ings can be attributed to variations in the nature of the periodontal
diseases that were examined in this study. Specifically, the present
study focused only on plaque-induced gingivitis and chronic peri-
odontitis, which differ from more severe forms of periodontal dis-
eases as aggressive periodontitis in the pathogenicity and rate of
progression as well as the host immune response (Heller et al.,
2012; Baer, 1971; Ford et al., 2000. 2010 Jun). One additional study
reported a case diagnosed with non-plaque induced gingivitis
which INN was believed to be associated with (Mahajan et al.,
2011).

The current study had several limitations. First, the collection of
data for each subject was performed one single time, and no fur-
ther follow-up was pursued. This might be of importance since
the patients usually require a long course of therapy with INN,
and thus, INN response might differ from one individual to
another. In addition, performing follow-up studies with patients
can lead to the detection of the potential side effects associated
with long-term use and, thus, generate a better understanding of
the condition. Another limitation concerns the fact that the evalu-
ation of the subjects’ TIMPs levels was based purely on their saliva.
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This approach represents a less accurate method than gingival tis-
sue biopsy or gingival crevicular fluid. Finally, the present study
evaluated SFR depending only on the amount of un-stimulated
saliva.

5. Conclusion:

Although it is well known that Isotretinoin causes oral dryness,
the findings of the present study demonstrated that it had an anti-
inflammatory effect on periodontal parameters. The elevation in
salivary TIMP-1 and TIMP-2 was detected in patients with
plaque-induced gingivitis and chronic periodontitis. This can pro-
mote its possible future use as an adjunct treatment modality for
periodontal diseases. These findings need to be confirmed by
future well-designed longitudinal studies and clinical trials.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

The authors extend their appreciation to the Deanship of Scien-
tific Research at King Saud University for funding this work
through the Undergraduate Student Research Support Program,
Project No. (URSP-5-20-09).

References

Harms, M., Masouye, I., Radeff, B., 1986. The relapses of cystic acne after isotretinoin
treatment are age-related: a long-term follow-up study. Dermatology. 172 (3),
148–153.

Bauer, L.B., Ornelas, J.N., Elston, D.M., Alikhan, A., 2016. Isotretinoin: controversies,
facts, and recommendations. Expert Review of Clinical Pharmacology. 9 (11),
1435–1442.

Papakonstantinou, E., Aletras, A.J., Glass, E., Tsogas, P., Dionyssopoulos, A., Adjaye, J.,
Fimmel, S., Gouvousis, P., Herwig, R., Lehrach, H., Zouboulis, C.C., Karakiulakis,
G., 2005. Matrix Metalloproteinases of Epithelial Origin in Facial Sebum of
Patients with Acne and their Regulation by Isotretinoin. Journal of Investigative
Dermatology. 125 (4), 673–684.

Uitto, V.-J., Overall, C.M., McCulloch, C., . Proteolytic host cell enzymes in gingival
crevice fluid. Periodontology 31 (1), 77–104.

http://refhub.elsevier.com/S1319-562X(21)00767-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0010
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0015
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0020
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0025
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0025


R. AlJasser, R. AlAqeely, M. AlKenani et al. Saudi Journal of Biological Sciences 29 (2022) 148–153
Marcaccini, A.M., Novaes, A.B., Meschiari, C.A., Souza, S.L., Palioto, D.B., Sorgi, C.A.,
Faccioli, L.H., Tanus-Santos, J.E., Gerlach, R.F., 2009. Circulating matrix
metalloproteinase-8 (MMP-8) and MMP-9 are increased in chronic
periodontal disease and decrease after non-surgical periodontal therapy.
Clinica Chimica Acta. 409 (1-2), 117–122.

Tervahartiala, T., Pirilä, E., Ceponis, A., Maisi, P., Salo, T., Tuter, G., Kallio, P., Törnwall,
J., Srinivas, R., Konttinen, Y.T., Sorsa, T., 2000. The in vivo Expression of the
Collagenolytic Matrix Metalloproteinases (MMP-2, -8, -13, and -14) and
Matrilysin (MMP-7) in Adult and Localized Juvenile Periodontitis. J Dent Res.
79 (12), 1969–1977.

Choi, D.-H., Moon, I.-S., Choi, B.-K., Paik, J.-W., Kim, Y.-S., Choi, S.-H., Kim, C.-K., 2004.
Effects of sub-antimicrobial dose doxycycline therapy on crevicular fluid MMP-
8, and gingival tissue MMP-9, TIMP-1 and IL-6 levels in chronic periodontitis. J
Periodontal Res. 39 (1), 20–26.

Beklen, A., Tüter, G., Sorsa, T., Hanemaaijer, R., Virtanen, I., Tervahartiala, T.,
Konttinen, Y.T., 2006. Gingival Tissue and Crevicular Fluid Co-operation in Adult
Periodontitis. J Dent Res. 85 (1), 59–63.

Kumar, M.S., Vamsi, G., Sripriya, R., Sehgal, P.K., 2006. Expression of Matrix
Metalloproteinases (MMP-8 and -9) in Chronic Periodontitis Patients With and
Without Diabetes Mellitus. Journal of Periodontology. 77 (11), 1803–1808.

Arias-Bujanda, N., Regueira-Iglesias, A., Balsa-Castro, C., Nibali, L., Donos, N., Tomás,
I., 2020. Accuracy of single molecular biomarkers in saliva for the diagnosis of
periodontitis: A systematic review and meta-analysis. J Clin Periodontol. 47 (1),
2–18.

Rai, B., Kharb, S., Jain, R., Anand, S.C., 2008. Biomarkers of periodontitis in oral fluids.
J Oral Sci. 50 (1), 53–56.

Ingman, T., Tervahartiala, T., Ding, Y., Tschesche, H., Haerian, A., Kinane, D.F.,
Konttinen, Y.T., Sorsa, T., 1996. Matrix metalloproteinases and their inhibitors in
gingival crevicular fluid and saliva of periodontitis patients. J Clin Periodontol.
23 (12), 1127–1132.

Brew, K., Dinakarpandian, D., Nagase, H., 2000. Tissue inhibitors of
metalloproteinases: evolution, structure and function. Biochimica et
Biophysica Acta (BBA) -. Protein Structure and Molecular Enzymology. 1477
(1-2), 267–283.

WHO Drug Information, 2017. International nonproprietary names for
pharmaceutical substances (INN): proposed INN: list 118. WHO Drug
Information. 31 (4), 635–754.

Cohen J. Statistical Power Analysis for the Behavioral Sciences–Second Edition. 12
Lawrence Erlbaum Associates Inc. Hillsdale, New Jersey. 1988;13.

Caton, J.G., Armitage, G., Berglundh, T., Chapple, I.L.C., Jepsen, S., Kornman, K.S.,
Mealey, B.L., Papapanou, P.N., Sanz, M., Tonetti, M.S., 2018. A new classification
scheme for periodontal and peri-implant diseases and conditions–Introduction
and key changes from the 1999 classification. Journal of periodontology. 89, S1–
S8.

Navazesh, M., Kumar, S.K.S., 2008. Measuring salivary flow. The Journal of the
American Dental Association. 139, 35S–40S.

Hu, S., Wang, J., Meijer, J., Ieong, S., Xie, Y., Yu, T., Zhou, H., Henry, S., Vissink, A.,
Pijpe, J., Kallenberg, C., Elashoff, D., Loo, J.A., Wong, D.T., 2007. Salivary
proteomic and genomic biomarkers for primary Sjögren’s syndrome. Arthritis
Rheum. 56 (11), 3588–3600.

Lupi-Pégurier, L., Muller-Bolla, M., Fontas, E., Ortonne, J.P., 2007. Reduced Salivary
Flow Induced by Systemic Isotretinoin May Lead to Dental Decay. A Prospective
Clinical Study. Dermatology. 214 (3), 221–226.

Oikarinen, K., Salo, T., Kylmäniemi, M., Palatsi, R., Karhunen, T., Oikarinen, A., 1995.
Systemic oral isotretinoin therapy and flow rate, pH, and matrix
153
metalloproteinase-9 activity of stimulated saliva. Acta Odontologica
Scandinavica. 53 (6), 369–371.

Shaila, M., Pai, GPrakash, Shetty, P., 2013. Salivary protein concentration, flow rate,
buffer capacity and pH estimation: A comparative study among young and
elderly subjects, both normal and with gingivitis and periodontitis. J Indian Soc
Periodontol. 17 (1), 42. https://doi.org/10.4103/0972-124X.107473.

Syrjälä, A.-M., Raatikainen, L., Komulainen, K., Knuuttila, M., Ruoppi, P., Hartikainen,
S., et al., 2011 May. Salivary flow rate and periodontal infection - a study among
subjects aged 75 years or older: Salivary flow rate and periodontal infection.
Oral Diseases. 17 (4), 387–392.

Nizam, N., Gümüs�, P., Pitkänen, J., Tervahartiala, T., Sorsa, T., Buduneli, N., 2014.
Serum and Salivary Matrix Metalloproteinases, Neutrophil Elastase,
Myeloperoxidase in Patients with Chronic or Aggressive Periodontitis.
Inflammation. 37 (5), 1771–1778.

AlJasser, Reham, Alaqeely, Razan, AlHoqail, Ibrahim, AlHaddab, Mohammed,
AlQahtani, Sadeem, AlKenani, Manal, AlZahrani, Afnan, AlOraini, Saleh, 2021.
Association between isotretinoin (Roaccutanne) use and changes in periodontal
clinical parameters and MMP-8 and MMP-9 salivary levels. Front Biosci
(Landmark Ed) 26 (7), 191–197. https://doi.org/10.52586/4933.

Arechalde, A., Saurat, J.-H., 2000. Management of Psoriasis: The Position of Retinoid
Drugs. BioDrugs. 13 (5), 327–333.

Rebora, A., 2002. The Management of Rosacea: American Journal of Clinical
Dermatology. 3 (7), 489–496.

Ozick, J., 1993. Method of treatment for periodontitis [Internet]. US5188817A [cited
2020 Feb 18]. Available from: https://patents.google.com/patent/US5188817A/
en.

Systemic retinoid medication and periodontal health in patients with Papillon-
Lefèvre syndrome. 1996; Available from:

Heller, D., Silva-Boghossian, C.M., do Souto, R.M., Colombo, A.P.V., 2012. Subgingival
microbial profiles of generalized aggressive and chronic periodontal diseases.
Archives of Oral Biology. 57 (7), 973–980.

Baer, P.N., 1971. The Case for Periodontosis as a Clinical Entity. Journal of
Periodontology. 42 (8), 516–520.

Crow, Heidi.C., Ship, Jonathan.A., 1995. Are Gingival and Periodontal Conditions
Related to Salivary Glang Flow Rates in Healthy Individuals? The Journal of the
American Dental Association. 126 (11), 1514–1520.

Erdemir, U., Okan, G., Gungor, S., Tekin, B., Yildiz, S., Yildiz, E., 2017. The oral adverse
effects of isotretinoin treatment in acne vulgaris patients: A prospective, case–
control study. Niger J Clin Pract. 20 (7), 860–866.

Ford, P.J., Gamonal, J., Seymour, G.J., . Immunological differences and similarities
between chronic periodontitis and aggressive periodontitis. Periodontology 53
(1), 111–123.

Mahajan, A., Bharadwaj, A., Mahajan, P., 2011. Non-Plaque-Induced Gingivitis
AssociatedWith Isotretinoin: A Case Report. Clinical Advances in Periodontics. 1
(3), 205–209.

Further Reading

Lee, W., Aitken, S., Sodek, J., McCulloch, C.A.G., 1995. Evidence of a direct
relationship between neutrophil collagenase activity and periodontal tissue
destruction in vivo: role of active enzyme in human periodontitis. J Periodontal
Res. 30 (1), 23–33.

http://refhub.elsevier.com/S1319-562X(21)00767-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0030
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0035
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0040
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0045
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0050
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0055
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0060
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0060
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0065
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0070
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0005
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0080
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0085
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0085
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0090
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0100
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0105
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0105
https://doi.org/10.4103/0972-124X.107473
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0120
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0120
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0120
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0120
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0125
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0125
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0125
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0125
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0125
https://doi.org/10.52586/4933
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0130
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0135
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0135
https://patents.google.com/patent/US5188817A/en
https://patents.google.com/patent/US5188817A/en
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0150
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0150
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0150
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0155
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0155
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0110
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0095
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0095
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0095
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0160
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0160
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0160
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0165
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0165
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0165
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0170
http://refhub.elsevier.com/S1319-562X(21)00767-1/h0170

	The effect of systemic Isotretinoin on salivary tissue inhibitors of metalloproteinases 1 and 2 and salivary flow rate in periodontal disease
	1 Introduction
	2 Material and methods
	2.1 Study sample
	2.2 Clinical measures
	2.3 Intra-examiner and Inter-examiner reliability
	2.4 Assessment of salivary flow rate
	2.4.1 Subjective assessment
	2.4.2 Objective assessment

	2.5 Enzyme-linked immuno-sorbent assays
	2.6 Data Analysis:

	3 Results:
	3.1 Subjective assessment of salivary flow rate
	3.2 Objective assessment of salivary flow rate
	3.3 Enzyme-linked immunosorbent assay (ELISA)

	4 Discussion
	5 Conclusion:
	Declaration of Competing Interest
	Acknowledgements
	References
	Further Reading


