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Abstract
Background/Aim: Gingival inflammation in children involves characteris-
tic changes of the salivary composition that reflect not only weakened local 
defence factors but also increased defensive reflexes. This study aimed to 
compare the salivary parameters cytochrome concentration, density and 
flow rate between children with gingival inflammation and clinically healthy 
gingiva. 
Methods: A total of 86 children were included and divided into two 
groups: 41 with gingival inflammation and 45 with healthy gingiva, which 
was gender matched for age. Unstimulated saliva was collected and cy-
tochrome concentration, salivary density and flow rate were measured. 
Results: Participants with gingival inflammation had significantly low-
er mean salivary cytochrome concentration and density but showed in-
creased salivary flow rate compared to healthy controls. These differences 
were found in both sexes, being more marked in boys with respect to the 
age increase of flow rate. Correlation studies showed a strong negative 
correlation between salivary density and flow rate in both groups. These 
results indicate that there is a unique biochemical signature for gingival 
inflammation in children, which includes lower cytochrome and density, 
accompanied by an increase in flow rate.
Conclusion: In children, gingival inflammation was associated with re-
duced salivary CYP450 and density and increased flow rate in saliva, sug-
gesting a unique biochemistry of oral disease.

Key words: Gingivitis; Cytochrome P450 enzyme system; Child; 
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Introduction

Cytochrome P450 enzymes are critical in the 
synthesis of cholesterol, prostacyclin, steroids 
and thromboxane A2. They are also important 
in xenobiotic metabolism and drug metabolism. 
Although CYP450 enzymes are predominantly 
present in the liver, they are also present through-
out the small intestines-where they reduce drug 

bioavailability well as in other organs of the body, 
including the lung, placenta, kidney and salivary 
glands.1

The name “cytochrome P450” stems from the 
fact that these haemoproteins are bound to the 
cellular membrane (“cyto”) and they have gen-



288

Methods

Study design
A case-control study was conducted to examine 
the relationship between gingival inflammation 
and salivary cytochrome P450 enzyme levels in 
children. A total of 86 children, ranging in ages 
from 6 to 12 years, were recruited for this study 
and subsequently allocated to one of two groups:

•• The study group consisted of 41 children di-
agnosed with gingival inflammation based 
on WHO criteria (2013).16

•• The control group included 45 children with 
clinically healthy gums, matched to the study 
group by age, gender and weight.

Exclusion criteria: Children were not included 
if they had systemic diseases (such as diabetes, 
hepatic or renal impairment or autoimmune dis-
orders) or oral soft tissue disorders (including 
active mucosal lesions), used dental prostheses 
(fixed or removable), or orthodontic devices, had 
taken any medications in the previous month, or 
had consumed caffeinated drinks within the last 
48 hours, to ensure a baseline metabolic state, as 
caffeine is a known substrate and modifier of CYP 
enzyme activity.

Clinical assessment: All oral examinations were 
performed in standardised situations. Gingival 
bleeding was assessed using the WHO criteria 
(2013).

Sample collection
Participants were instructed not to eat or drink 
(except for water) for at least 1 h prior to sam-
ple collection. Fresh saliva was obtained by the 
spitting technique as described by Khurshid et 
al.17 Children were instructed to stay quiet, re-
duce physical activity and let saliva gather in 
their mouth before expectorating into a sterile 
disposable cap every 30 s. The samples were then 
dipped in ice and stored for further analysis.

Salivary flow rate was determined by collecting 
unstimulated saliva over a timed period of 3 min-

eral absorption peaks at 450 nm and 490 nm 
(due to pyridine heme complexes) when reduced 
and liganded to carbon monoxide. More than 50 
CYP450s have been described.2, 3 They are a met-
abolically diverse group of enzymes, the activity 
of which can differ considerably between individ-
uals because of genetic polymorphism, exposure 
to environmental insults and comorbidities.4, 5

Inflammation is a potent modulator of CYP450 
enzymatic activity. The balance between proin-
flammatory and immunosuppressive properties 
can regulate the expression of CYP due to the re-
lease of cytokines during inflammatory respons-
es, which could contribute to variability in drug 
response/toxicity.6 However, prospective assess-
ment of drug metabolism during inflammation 
is still a dilemma as it depends on the nature of 
the disease and its stage of progress well as CYP 
isoforms involved.7 The effect of inflammation on 
CYP activity is typically an inhibition, although 
some isoforms are known to be induced or not to 
be affected.8-10 Animal studies and primary he-
patocyte models have shown that CYP expression 
is markedly changed by trauma, infection and ex-
posure to cytokines.9, 11, 12 The amplitude of such 
modulation varies according to the severity and 
nature of the inflammatory reaction and the type 
of mediators being considered. Resolution of in-
flammation frequently has the effect of returning 
CYP activity towards baseline.6

Salivary cytokines have been considered as bio-
markers for oral diseases, including caries, gin-
givitis and periodontitis.13, 14 Human saliva is a 
complex solution containing proteins, such as 
cytokines, especially suitable for non-invasive 
diagnostics in paediatric patients. Age and oral 
health status are related to salivary cytokine lev-
els. Since CYP enzymes are expressed in salivary 
glands, even trace amounts of xenobiotics or their 
metabolites in saliva may influence the oral mu-
cosa. This exposure, via systemic circulation as 
well as local salivary secretion, may result in oral 
mucosal diseases.1 Furthermore, studies have 
shown that gene expression related to xenobiotic 
detoxification is downregulated in obese mod-
els.15

To date, no studies have been conducted in Iraq 
examining the relationship between oral health 
status and salivary CYP450 enzyme activity in 
children. Therefore, this study aimed to explore 
this important and understudied area. This study 
aimed to evaluate salivary cytochrome P450 

amounts, salivary density and salivary flow rate 
in children aged 6–12 years with gingival inflam-
mation and to compare these parameters with 
those observed in children with healthy gingiva.
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Results

Sample of the present study includes 41 children 
(study group) with gingival inflammation com-
pared with the control group that includes 45 
children with healthy gingiva; however, the re-
sults showed no significant association between 
gender or age with the study and control groups.
Table 1 presents the mean values and statistical 
comparisons of salivary cytochrome concentra-
tion, density and flow rate between children with 
gingival inflammation (study group) and those 
with clinically healthy gingiva (control group). A 
statistically significant difference was found be-
tween the two groups for all parameters.

The mean salivary cytochrome concentration 
was significantly lower in the study group com-
pared with the control group. Also, salivary den-
sity was significantly reduced in the study group 
relative to the control group. Conversely, salivary 
flow rate was significantly higher in children 
with gingival inflammation than in those with 
clinically healthy gingiva.

Table 1: Salivary variables in children in the study and control group

Study group
Mean ± SD

Control group
Mean ± SD t-value p-value

T-test between groups
Salivary variables

Cytochrome concentration (ng/mL)

Density (mg/mL)
Flow rate (mL/min)

10.20 ± 1.69

0.35 ± 0.20

0.39 ± 0.15

12.74 ± 4.52

0.83 ± 0.58

0.27 ± 0.13

-3.387

-4.954

3.720

0.001

< 0.001

< 0.001

utes. The total volume of saliva produced was 
measured and divided by the collection time to 
calculate the flow rate (mL/min).18 Salivary den-
sity was measured using a calibrated densitome-
ter, following standard laboratory procedures to 
assess the concentration of solutes in the saliva 
sample.19

Biochemical analysis
Salivary cytochrome P450 2E1 (CYP2E1) amounts 
were quantified utilising a sandwich ELISA kit 
(YLBIONT, China), according to the manufactur-
er’s instructions. Briefly, samples and standards 
were added to wells pre-coated with CYP2E1 
monoclonal antibody and incubated at 37 °C for 
60 minutes. After washing, biotin-labelled an-
ti-CYP2E1 antibodies and streptavidin-HRP were 
added, followed by chromogen solutions for co-

lour development. The reaction was ended and 
absorbance was measured at 450 nm using a 
microplate reader. CYP2E1 concentrations were 
calculated from a standard curve generated with 
known concentrations. All methods and reagent 
handling were completed according to the manu-
facturer’s instructions. 

Statistical analysis
The statistical analysis was directed using the 
Statistical Package for the Social Sciences (SPSS 
version 22; Chicago, Illinois, USA). Descriptive 
statistics include frequency and percentage for 
qualitative variables, mean and standard devi-
ation for quantitative variables. Inferential sta-
tistics involve an independent sample t-test. The 
significance level was established at p ≤ 0.05.

Table 2 shows that in boys and girls, the mean 
cytochrome concentration was significantly low-
er in the study group compared with the con-
trol group. For salivary density, the same table 
illustrates a significant reduction in both boys 
and girls in the study group compared with the 
control group. However, other results found con-
cerning salivary flow rate as it was boys in the 
study group who demonstrated a higher mean 
flow rate than those in the control group, while 
the difference in girls did not reach statistical sig-
nificance. No significant differences were found 
between boys and girls within the same group for 
all salivary variables, indicating that the effect of 
gingival condition on salivary parameters was 
generally independent of gender.

Correlation analyses (Table 3) explored the re-
lationships between cytochrome concentration, 
salivary density and flow rate within each group. 
In the study group, cytochrome concentration 
showed no significant correlation with either 
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Discussion

In children with healthy and inflamed gingiva, 
salivary cytochrome concentration, density and 
flow rate were measured in the study. The find-
ings evidenced group-specific modifications in 
all salivary parameters were analysed, revealing 
a local biochemical response to gingival disease 
in child patients.

There were no significant demographic differ-
ences nor a significant age or sex bias between 
the study groups, which increases the reliabil-
ity of presented findings. That is, the variations 
found in salivary parameters seem to be a result 
of the deployment in its pro-inflammatory condi-
tion rather than of interpersonal differences, cor-
roborating other epidemiological findings that 
associate oral inflammation more with hygiene 
status and less with age or sex.20, 21

Table 2: Salivary variables in children by gender in study and control group

Table 3: Correlation of salivary variables in both study and control group

*Significant p ≤ 0.05

Study group
Mean ± SD

Cytochrome
concentration (ng/mL) Density (mg/mL) Flow rate (mL/min)

Gender

Group
r r rp-value p-value p-value

Control group
Mean ± SD t-value p-value

T-test between groups
Salivary variables

Salivary variables

Cytochrome concentration (ng/mL)

Cytochrome concentration (ng/mL)

Density (mg/mL)

Density (mg/mL)

t-test between genders

t-test between genders

10.13 ± 1.78

10.33 ± 1.56

----

----

-0.073

-0.047

-0.073

-0.047

----

----

-0.125

-0.147

-0.421

-0.470

----

----

0.648

0.760

0.648

0.760

----

----

0.437

0.335

0.006

0.001

*

*

0.37 ± 0.21

0.32 ± 0.20

t = -0.365, p = 0.710

t = 0.828, p = 0.413

t = -1.138, p = 0.261

t = 0.081, p = 0.936

12.12 ± 4.18

13.68 ± 4.97

0.84 ± 0.53

0.82 ± 0.67

Boys

Girls

Study

Control

Study

Control

Boys

Girls

-2.275

-2.416

-4.222

-2.710

0.027

0.022

< 0.001

0.011

salivary density. However, a significant negative 
correlation was found linking salivary density 
and flow rate. The same result was found in the 
control group, but a significant negative correla-
tion was observed between density and flow rate. 

Salivary flow rate was determined based on the 
Navazesh and Kumar criteria18 because this pro-
cedure has been employed in Iraqi studies in the 
past.22-24 A marked decrease in mean salivary cy-
tochrome concentration and density was detect-
ed in children with inflamed gingiva. Especially 
cytochromes, involved in the defence against cel-
lular metabolism, might be depleted because of 
increased consumption or impaired production 
during inflammation. This is in line with previ-
ous research indicating lower protective salivary 
factors under pathological conditions such as 
periodontal disease25 and contrary to studies de-
scribing higher levels of inflammatory biomark-
ers in these cases.26 The discrepancy between 
cytochromes (those that are consumed) and im-
mune cell markers (those that are released) may 
be due to the different biological roles they play, 
underlining the importance of more accurate bio-
chemical assays in future studies. The reduction 
in salivary dilution is reinforced by the dimin-
ished density of saliva.

The highest recorded salivary flow rate was in 
children with gingivitis. This hyper-salivation is 
probably a reflex protective measure to irrita-
tion and inflammation, facilitating elimination of 
bacteria and inflammatory factors from the oral 
cavity.27-29 This response was greater in boys, 
implying sex differences in the parasympathet-
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ic reflex arc. Although little is known regarding 
gender-related differences in salivary flow in 
childhood, there is some suggestion that girls 
have a greater threshold of challenging stimulus 
to produce an equal response,30 which requires 
further attention as far as neurologic and hor-
mone influences are concerned on oral defence 
mechanisms.

The results of the correlation analysis showed 
that there are strong negative relationships be-
tween the salivary density and flow rate in both 
groups, indicating the diluting effect was per-
vasive: higher flow resulted in lower density.31 
Cytochrome concentration did not have a signif-
icant association with density in the gingivitis 
group, but rather it appears to fall due to local-
ised inflammatory consumption  (ie, not just be-
ing diluted).32 This suggests that the reduction 
of cytochrome in oral inflammation may have a 
multifactorial and more complex aetiology.

In the young child, an association between gin-
gival inflammation and a specific pattern of cy-
tochrome and density decrease and flow rate 
increase can be summarised. The sex differenc-
es in flow rate and the fact that the reduction of 
cytochrome was independent of dilution point to 
complexity in underlying mechanisms. The cy-
tochrome subtype identification further works 
in clinical application, validating gender diver-
gences on salivary response and re-evaluating 
the dilution effect of the oral defence components 
will be intriguing to clarify.

Conclusion

This investigation describes a unique bio-
chemical profile of children's gingival inflam-
mation, which manifests itself with decreased 
salivary cytochrome concentration and den-
sity; however, is associated with its increased 
flow rate. The consistent alterations in these 
parameters indicate that local immune de-
fences (decreased cytochrome and density) 
as well as neurological protective reflexes 
(increased flow rate) are actively and simulta-
neously taking place in gingivitis. Additional 
studies are warranted to identify the specif-
ic cytochrome types involved and replicate 
these findings in wider and more diverse pae-
diatric populations.
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