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A B S T R A C T

The growing interest in the possibilities of modulating macrophages in inflammatory diseases with therapeutic
purpose has prompted the development of new approaches for the treatment of periodontitis. This randomized
add-on open preliminary clinical study evaluated the short-term effects of L-arginine or L-ornithine as an adjuvant
to scaling and root planing (SRP) in patients with chronic periodontitis.
Materials and methods: Seventy-five periodontitis patients were recruited and monitored clinically and immuno-
logically at baseline (before SRP) and 30 � 5 days after SRP. All patients were assigned by stratified randomi-
zation to SRP (SRP only, n ¼ 25), Arg (SRP þ L-arginine, n ¼ 25) or Control (SRP þ L-ornithine, n ¼ 25) Group.
The medicines were used according to available instructions for 10 and 15 days, respectively. During the study, all
patients were on a stable diet, without changing their rations and regiments. As immunological monitoring
immunohistochemical study of CD68þ and CD163 þ single positive gingival macrophages for 5 patients per
group in the same time-point was conducted. The data were statistically analyzed.
Results: Reduction of periodontal pocket depth (PPD) and bleeding on probing (BoP) was observed in all groups,
with significant between-group differences for BoP in the Arg Group (p < 0.0001) at 30 days. The SRP and Arg
groups demonstrated nonsignificantly increased density of CD68þ and CD163 þ cells. The Orn Group showed an
increase in the density of CD68þ and CD163 þ macrophages at intragroup (p ¼ 0.0066 and p < 0.0001) and
between-group levels (p ¼ 0.001 and p < 0.0001), and these changes corresponded to clinical PPD and BoP
reduction. In the Arg and Orn groups at 30 days, CD163 þ macrophages significantly predominated over CD68þ
(p ¼ 0.013, p < 0.0001).
Conclusion: The use of L-arginine and L-ornithine as an adjunct to SRP promotes additional limited immunological
benefit in the treatment of periodontitis. Metabolic stimulation with L-ornithine, but not L-arginine, is preferable
for CD163þ Mφs subpopulation in periodontitis-affected gingiva.
1. Introduction

Periodontitis is a multifactorial immune-mediated disease, which
develops as a disturbance of immune and inflammatory response to
dysbiotic subgingival biofilm [1]. There are many clinical studies
devoted to the optimization of the treatment of periodontitis [2, 3, 4].
The search for new approaches indicates the important social signifi-
cance of periodontitis and dissatisfaction with current treatment results.
Since 1976, when Page& Schroeder described the histopathologic events
in periodontitis development, myeloid cells and lymphocytes involved in
the initiation and progression of the disease still have been actively
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studied [5, 6, 7, 8, 9, 10]. However, the role of specific macrophage
subsets in periodontitis remains largely unexplored [11].

Macrophages (Mφs) play a significant role in the immune system,
both as antimicrobial effector cells and as immunoregulatory cells, which
induce, suppress, or modulate adaptive immune responses. Compelling
evidence from studies of recent years demonstrates that Mφs are het-
erogeneous and undergo heterogeneous phenotypic changes in response
to microenvironmental stimuli. The M1 inflammatory type response and
the M2 repair type response are best known as two extreme examples
[12, 13]. In different diseases, the M1/M2 ratio can change, as does the
expression profile of these cells, which transform to the pathogenic ones
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[13, 14]. In periodontitis, Mφs should be responsible for certain levels of
inflammation maintenance and tissue remodeling in locus morbi.

Modulation of immune responses by nutrients is an important area of
study in cellular biology and clinical sciences in the context of cancer
therapies and anti-pathogen-directed immune responses in health and
disease [15]. Cellular metabolism is a key factor in determining the fate
and functions of immune cells. Immune cells have diverse functions, so it
is perhaps unsurprising that they have different nutrient and energy
demands [16]. For example, M1 Mφs exhibit a broken TCA cycle and
have a pro-inflammatory role. By contrast, M2 Mφs undergo β-oxidation
to produce anti-inflammatory responses [17]. M1 and M2 Mφs have
differences in arginine metabolic pathways: M1 cells expressed inducible
nitric oxide synthase (iNOS), and M2 – type-I arginase (Arg-I). At the
same time, both arginine metabolic pathways cross-inhibit each other on
the level of the respective arginine break-down products [12].

L-arginine regulation of macrophage physiology has been known for a
long time [16, 18]. In addition, L-ornithine is involved in the regulation
of macrophage functions [19, 20]. Hence, there are many examples of
L-arginine and ornithine usage as metabolic regulators of Mφs. Recent
trials checked L-arginine supplementation in patients with severe asthma
and revealed that higher arginine availability index was associated with
lower exacerbation events [21]. Meanwhile, the general use of ornithine
has the purpose to support liver function and wound recovery [22, 23,
24]. Systematic pharmacokinetic and pharmacodynamic studies have
focused on experimental models of liver failure in patients and resulted in
the mechanisms that underpin the effective ammonia-lowering actions of
L-ornithine L-aspartate, but little is known about the mechanisms of
macrophages modulation.

Despite the confirmed disturbance of the Mφs ratio in periodontitis,
attempts to modify them for treatment purposes have not been made.
However, understanding the Mφs’ answer in periodontitis-affected
gingiva on metabolic stimulation by L-arginine and L-ornithine is
important as it opens new possibilities for targeted therapy.

This randomized add-on open preliminary clinical study evaluated
the short-term effects of L-arginine or L-ornithine as an adjuvant to
scaling and root planing (SRP) in patients with chronic periodontitis.

2. Material and methods

2.1. Patient population

Seventy five patients with periodontitis at stages II-III and grade B (38
women and 37 men, 51% and 49%, respectively) were selected from the
population referred to the Department of Postgraduate Education for
Dentists of Poltava State Medical University (PSMU, Poltava, Ukraine).
All eligible patients (ClinicalTrials.gov ID: NCT05042024) were thor-
oughly informed of the nature and potential risks and benefits of their
participation in the study and signed an informed consent form. The
study protocol was reviewed and approved by the ethical committee of
Poltava State Medical University (November 27th, 2019, No. 177b). The
research was conducted in full accordance with the Helsinki Declaration
of 1975, as revised in 2013.

Precise sample size calculation was not performed because of pre-
liminary research nature of the study.

2.2. Inclusion and exclusion criteria

Periodontitis was diagnosed by using the criteria of the Classification
of Periodontal and Peri-Implant Diseases and Conditions 2017. Stage II of
periodontitis was diagnosed in the presence of 3–4 mm interdental
clinical attachment level (CAL) at the site of greatest loss, 4 to maximum
5 mm periodontal pocket depth (PPD), the radiographic bone loss at the
root coronal third, and no tooth loss due to periodontitis. Stage III was
diagnosed in the presence of �5 mm interdental CAL, the radiographic
bone loss extending to the middle or apical third of the root,�4 teeth loss
due to periodontitis. In all cases, periodontitis had a generalized pattern
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(>30% of teeth involved) and grade B as patterns of the progression,
based on indirect evidence (radiographic bone loss expressed as a per-
centage of root length divided by the age of the subject was from 0.25 to
1.0).

Inclusion criteria were as follows: 1) the presence of periodontitis; 2)
good general health; 3) at least 19 remaining teeth, 4) written informed
consent forms.

Exclusion criteria were: 1) antibiotics or anti-inflammatory medica-
tions use within the preceding 3 months; 2) periodontal therapy within
the previous 6 months; 3) purulent exudation from periodontal pockets;
4) pregnancy and breastfeeding; 5) the presence of severe, uncontrolled
(decompensated) diseases of the internal organs, or neuropsychiatric
disorders; 6) the presence of other conditions that determined the
inability of the patient to understand the nature and possible conse-
quences of the study.

2.3. Experimental design and treatment protocol

The present work was the original research study. Patients were
grouped by stratified randomization into three groups: the SRP Group
(patients received conventional periodontal therapy including scaling
and root planing as a full-mouth procedure, n ¼ 25); the Arg Group
(patients received oral L-arginine aspartate (Yuria-Pharm, Ukraine) at a
dose of 1 g t.i.d. for 10 days after conventional periodontal therapy, n ¼
25); and the Orn Group (patients received oral L-ornithine aspartate
(Farmak, Ukraine) at a dose of 3 g t.i.d. for 15 days after conventional
periodontal therapy, n ¼ 25). We used L-arginine and L-ornithine ac-
cording to instructions for these medicines available for use in Ukraine.
During the study, all patients were on a stable diet, without changing
their rations and regiments.

All patients were clinically examined before periodontal treatment
and after 1month �5 days.

All patients received clinical monitoring at baseline, at 30� 5 days by
the same examiner.

2.4. Clinical monitoring of patient continues to obtain long-term results

2.4.1. Examiner calibration
The Kappa coefficient greater than or equal to 0.85 was used for

examiner calibration. Ten patients with at least five teeth with PPD and
CAL �5 mm on proximal sites were selected. Each patient was examined
twice by a manual periodontal probe (0106.DT06.CP10, Den Tag, Italy),
at a 48-hour interval between the first and second assessments.

2.4.2. Clinical measurements
For all participants, gender and age were recorded, and periodontal

parameters such as PPD, CAL and bleeding on probing (BoP) measure-
ments were taken from six periodontal sites on all teeth except for the
third molars. PPD and CAL were measured to the nearest 1 mm. BoP was
recorded based on the presence or absence of bleeding after probing. PPD
was measured from the free gingival margin to the bottom of the peri-
odontal pocket. CAL was measured from the cementoenamel junction to
the base of the periodontal pocket. All probing measurements were
performed using a manual periodontal probe (0106.DT06.CP10, Den
Tag, Italy).

2.5. Immunological monitoring (nested)

2.5.1. Collection of gingival tissue samples
For the precise immunohistochemical study, the gingival biopsy of

approximately 3 � 3 mm was excised under local anesthesia before
treatment and 1 month later in 5 selected patients per group. Biopsies
were obtained in the same time-points, from a single site displaying the
deepest pocket around suitable dental and periodontal procedures.
Removal of these tissue biopsies did not interfere with the initial treat-
ment plan or influence upon the expected clinical outcomes. After

http://ClinicalTrials.gov
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collection, biopsies were fixed in a 4% formalin solution for 24 h of
fixation, dehydrated, and embedded in paraffin.

2.5.2. Immunohistochemistry and antibodies
Paraffin sections, 2–3 μm in thickness were deparaffinized and

dehydrated. Heat-induced epitope retrieval in citrate buffer, pH 6, was
performed by successive heating the slides in the microwave oven, then
allowed to cool, rinsed with phosphate-buffered saline (PBS), incubated
with blocked reagent, rinsed, and incubated with mouse monoclonal
CD68 macrophage antibodies (1:30, clone PG-M1, Diagnostic Bio-
Systems, The Hague, The Netherlands) or anti-CD163 (1:100, clone
10D6, Diagnostic BioSystems, The Hague, The Netherlands). Then sec-
tions were stained with the 2-steps Mouse/Rabbit PolyVue Plus™ HRP/
DAB Detection System (Diagnostic BioSystems, The Hague, The
Netherlands), and counterstained with Mayer's haemalaun. PBS was used
as a negative control, the lymph node tissue – as a positive control.

2.5.3. Evaluation of immunohistochemical staining
CD68þ and CD163þ single positive Mφs were estimated by counting

the number of the cells by light microscope �400 in intensive infiltrative
areas, 5 regions from each slice were selected, and all 5 counts were taken
for statistics. We counted immunopositive Mφs in the areas of cell infil-
tration, since they are directly related to inflammation. The number of
cells per 10 000 μm2 was calculated as immunopositive cell density.
Photos were obtained using the light microscope Axio Lab.A1 (Carl Zeiss,
G€ottingen, Germany) (�400).

2.5.4. Outcome variables
Mean changes in PD, CAL and BoP at 30 � 5 days post-SRP were

defined as the primary outcome variables.
Mean changes at 30 � 5 days post-SRP in CD68þ and CD163 þ

macrophages density in gingiva, calculated as the number of immuno-
positive cells per 10 000 μm2 were defined as the secondary outcome
measures.
2.6. Statistical analysis

Means of PPD and CAL were calculated for sites with PD > 4mm
(affected sites). Statistical analysis was performed using GraphPad Prism
5 software (GraphPad Software, San Diego, USA) by means of descriptive
statistics, χ2 test, one-way ANOVA and nonparametric ANOVA tests for
multiple comparisons: Friedman – for dependent variables, Kruskal-
Wallis test – for independent variables, with post-hoc analyzing. For
descriptive statistics of cells numbers, the percentile ranges were also
used because of non-normal distributions. The CD68þ/CD163 þ ratio
was assessed by inter-group t-tests comparisons and Spearman correla-
tion checking. P values of <0.05 were considered statistically significant
in all of the analyses.

The null hypothesis tested was that L-arginine and L-ornithine have
no influences on CD68þ and CD163þ Mφs densities when supplement-
ing the treatment of periodontitis.

3. Results

All patients successfully completed the study. Figure 1 shows the
study design. The demographic characteristics did not show any differ-
ence between groups. L-arginine and L-ornithine were well tolerated by
all participants without any observed or self-reported adverse effects.
3.1. Clinical monitoring

All patients in the study had a confirmed diagnosis of periodontitis of
II-III stages. At the baseline, all groups demonstrated similar periodontal
clinical parameters (Table 1). In each group, reduction of PPD and BoP
from the baseline to 1 month was observed, with significant between-
3

group differences only for BoP in the Arg Group (Table 1). CAL
changes did not reach statistical significance.

3.2. Immunological monitoring

Cells infiltrate in periodontitis-affected gingiva preferentially occu-
pied areas near the sulcular/junctional epithelium. Fragments of the
periodontal ligament were observed closer to the sulcular epithelium
with the neighboring inflammatory cells infiltrate. The immunopositive
cells were observed mainly in the infiltrated regions and were dispersed.
The oral part of the epithelium was mostly located on a relatively dense
lamina propria, and demarcated with more fibrous tissue.

General characteristics of CD68þ and CD163 þ single positive Mφs
were as follows: immunoreactivity was observed in the form of brown
granular staining, which revealed some dendritic shape of cells. CD68þ
and CD163þ Mφs localized subepithelially and usually in infiltrates. In
addition, immunopositive cells density, especially CD163þ, demon-
strated a wide range of distribution.

At baseline, the between-group comparison showed no statistically
significant differences in CD68þ and CD163þ Mφs levels (Table 2).

We revealed slight/nonsignificant predominance of CD163þ Mφs
density over CD68þ in infiltrates before and after SRP treatment.
Furthermore, a significant correlation was observed between CD163þ
and CD68þ Mφs at the level of the total sample before treatment
(Spearman R ¼ 0.35, p ¼ 0.0056) and in the SRP Group after treatment
(Spearman R ¼ 0.45, p ¼ 0.0452), but we have insufficient evidence of
correlation in two others groups (Table 2).

After L-arginine administration, the representation density of
CD163þ Mφs increased nonsignificantly, but significantly exceeded the
SRP Group before treatment (Table 2, Figure 2). CD68þ Mφs density
increased als o nonsignificantly (Table 2, Figure 3). At the same time,
CD163þMφs density significantly predominated over CD68þ (Wilcoxon
matched-pairs signed-rank test, p < 0.0001).

In the Orn Group, the density of CD163þ Mφs increased and signif-
icantly exceeded the SRP group (p< 0.0001). The density of CD68þMφs
also increased and significantly exceeded the Arg Group (p ¼ 0.001), but
not the SRP Group (Figure 3). Meanwhile, the CD163þ Mφs density
predominated over CD68þ (p ¼ 0.013) (Table 2).

Accordingly, L-arginine had a weak effect on immunopositive Mφs,
except for the CD68þ/CD163 þ ratio, and L-ornithine had a clear effect
in the form of CD68þ and CD163þ Mφs density increase. Moreover, in
the CD68þ/CD163 þ ratio, the CD163 þ cells became significantly
predominant in both Arg and Orn Groups.

A common feature after periodontitis treatment with amino acids was
histological massive areas of fibrous stroma in the gingiva with decreased
infiltration areas (Figure 4). The decreasing of CD68þMφs (Figure 4 a,b)
and the increasing of CD68þ Mφs (Figure 4c,d) density in periodontitis-
affected gingiva after L-ornithine administration were observed.

CD68þ and CD163þ Mφs representation density changes corre-
sponded to clinical PPD and BoP reduction, although we did not confirm
any statistical correlation.

4. Discussion

This randomized add-on open preliminary short-term clinical study
evaluated the effects of L-arginine or L-ornithine on the non-surgical
treatment of individuals with chronic periodontitis by analyzing clinical
and immunological parameters. The results obtained for PPD, CAL and
BoP, demonstrate similar reduction for all study groups, with significant
between-group differences only for BoP in the Arg Group. These findings
have insufficient evidence of the clinical significance of amino acids
medicines in periodontal treatment. However, additional benefit was
found by analyzing immunological parameters, which were CD68þ and
CD163 þ single positive Mφs representation density. The results show
that the L-ornithine administration, as an adjunct to SRP, promoted
additional limited immunological benefit in assessments at 30 � 5



Figure 1. Flowchart of the study design.
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Table 1. Comparative analysis of clinical periodontal indices over time and between groups.

Group and patients
distribution

Time-point PPD (>4mm) mean,
mm

CAL (sites with
PD > 4mm) mean, mm

BoP mean, % Comparisons
between groups

SRP Group
Ages from 25 to 54
(mean 40); females
(n ¼ 12), males (n ¼
13)

0 4.87 � 0.30 5.11 � 0.39 74 ns

1 month 4.4 � 0.28 5.13 � 0.46 17 BoP Conv > BoP Arg,
χ2 test, p < 0.0001

Arg Group
Ages from 40 to 48
(mean 45); females
(n ¼ 13) males (n ¼
12)

0 4.89 � 0.46 5.26 � 0.51 67 ns

1 month 4.49 � 0.47 5.28 � 0.67 9 BoP Arg < BoP Conv,
χ2 test, p < 0.0001

Orn Group
Ages from 25 to 50
(mean 41); females
(n ¼ 13) males (n ¼
12)

0 4.8 � 0.41 5.09 � 0.54 83 ns

1 month 4.37 � 0.41 4.99 � 0.67 13 BoP Orn > BoP Arg,
χ2 test, p ¼ 0.013

Comparisons between examination
periods

0 > 1 month within
each group, p <

0.0001

ns
p ¼ 0.63

χ2 test, p < 0.0001
0 > 30

-

Values shown in Table are mean � SD (standard deviation); PD – probing depth; CAL – clinical attachment level; BoP – bleeding on probing; ns – non-significant;
nonparametric one-way ANOVA (p < 0.0001) and χ2 tests results.
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postoperative days. Although we have not received the full clinical effect
and observations continue for monitoring the long-term effects. Other
studies revealed the clinical benefits later [3, 4, 25].

The growing interest in the possibilities of modulating macrophages
in inflammatory diseases with therapeutic purpose has prompted the
development of new approaches for the treatment of periodontitis. The
research is of a reconnaissance nature to a large extent. A global idea is to
find out whether the metabolic modulation of local macrophages can
change periodontal inflammation to less active and the response to
treatment of the periodontitis to more predictable.

Specific types of inflammatory responses in the gingiva are necessary
to initiate the destruction of the connective tissue attachment apical to
the cement-enamel junction [26], and gingival inflammation is regarded
as a necessary prerequisite for the subsequent development of
Table 2. Comparative analysis of immunopositive macrophages density over time, in

Group Baseline

CD163þ macrophages

SRP Group 3.6 � 4.7p2p{0–11.8} CD163 þ
macrophages
сorrelates with
þ macrophage
Spearman R¼
¼ 0.0056

Arg Group 3.7 � 2.9p2p{0.8–9.1}

Orn Group 3.7 � 2.5p2p{1.9–8.6}

comparisons between groups ns

CD68þ macrophages

SRP Group 1.6 � 1.5p2p{0–3.9} CD68þmacro
сorrelates with
CD163 þ
macrophages,
Spearman R¼
¼ 0.0056

Arg Group 2.0 � 0.9p2p{1.1–3.3}

Orn Group 1.96 � 1.2p2p{1.0–3.7}

comparisons between groups ns

Values shown in the table are Mean � SD and the percentile ranges of {P10 �P9
nonparametric ANOVA, t-tests and Spearman correlation results.
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periodontitis [27], which justified the choice of the gum for the study.
The inter-relationships between health, gingivitis and periodontitis are
complex and depend on the features of dental biofilm, the proportionality
of the host's immune-inflammatory response and its ability to resolve
inflammation [28]. The question about the opportunity to correct the
host's immune-inflammatory response has not been resolved until today
[26]. It is possible that Mφs, as a central regulatory instrument in the
immunity [29], can be a key in this response. The findings of Zhou LN.
et al. (2019) demonstrated that the gingival biopsies from patients with
chronic periodontitis had more M1 cells (F4/80 þ iNOS þ cells) and
higher M1/M2(F4/80 þ CD206 þ cells) ratio as compared to healthу
gingiva, which positively correlates with clinical periodontal depth and
significantly higher TNF-α, IFN-γ, IL-6 and IL-12 levels [6], thus
emphasizing the role of M1 in the deterioration of periodontitis. On the
tra- and between-groups.

1 month Comparisons among
time-points

CD68
s,
0.35, p

4.6 � 5.3p2p{0–15.8}
p2pCorrelates with CD68 þ
macrophages, Spearman R ¼ 0.45,
p ¼ 0.0452

ns

8.0 � 5.8p2p{1.5–19.6}
p2pDominates over CD68 þ
macrophages, p < 0.0001

ns

8.8 � 2.8p2p{6.0–13.2}
p2pDominates over CD68 þ
macrophages, p < 0.013

Friedman test, p <

0.0001; p2p0<1
month

Kruskal-Wallis test, p < 0.0001;
Conv < Orn

-

phages

0.35, p

3.3 � 3.4p2p{0–7.1} ns

2.2 � 1.96p2p{0–5.0} ns

5.4 � 4.2p2p{1.1–9.9} Friedman test, p ¼
0.0066; p2p0<1
month

Kruskal-Wallis test, p¼ 0.001; Arg
< Orn

-

0} 80%, because of non-normal distribution of variables; ns – non-significant;



Figure 2. CD163þ Mφs in periodontitis-affected gingiva before and after treatment. a. CD163þ Mφs before treatment (1), infiltrating cells (2), epithelial cells (3). b.
CD163þ Mφs after l-arginine (1), fibrous tissue (2), epithelial cells (3). c. Increased density of CD163þ Mφs after L-ornithine (1), infiltrating cells (2), epithelial cells
(3). Contrasting: Mayer's haemalaun, mg.�400. d. Kruskal-Wallis test comparisons & post-hoc of CD163þ Mφs density, p < 0.0001.

Figure 3. CD68þ Mφs in periodontitis-affected gingiva before and after treatment. a. CD68þ Mφs before treatment (1), infiltrating cells (2), epithelial cells (3),
mg.�200. b. CD68þ Mφs after L-arginine (1), infiltrating cells (2), epithelial cells (3), mg.�400. c. CD68þ Mφs after L-ornithine (1), infiltrating cells (2), epithelial
cells (3), periodontal ligament cells (4). Contrasting: Mayer's haemalaun, mg.�200. d. Kruskal-Wallis test comparisons & post-hoc of CD68þ Mφs density, p ¼ 0.0010.
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other hand, immunofluorescence study of Garaicoa-Pazmino C. et al.
(2019), performed using a combination of CD68 (macrophages), iNOS
(M1), and CD206 (M2), showed similar levels of M1 andM2Mφs to those
observed in healthy tissues without changes in polarization, although
without M1-and M2-related cytokine assessment [8]. In addition, a
recent review [7] demonstrated that both subsets of Mφs can contribute
to periodontitis at least because such pathogen as P.gingivalis can selec-
tively tolerise regulatory M2 with little effect on pro-inflammatory M1
Mφs. This leaves the questions unsettled about the functional state of the
6

phenotypically M1 M2 Mφs. Perhaps an attempt to influence the
phenotype of Mφs together with changes in clinical signs of periodontitis
will shed light on their functions. However, the assessment of advance-
ments in periodontology over the past quarter-century does not mention
the attempts of influence on macrophage modulation as a therapeutic
approach [10]. Therefore, this study is one of the first in the field of
macrophages-targeted therapy in periodontitis.

The suggestion that L-arginine metabolism could be involved in the
regulation of Mφs phenotypes arose from early studies with murine Mφs



Figure 4. Immunostaining of periodontitis-affected
gingiva after L-ornithine administration: visible pre-
dominance of CD163þ Mφs over CD68þ. Contrasting:
Mayer's haemalaun, (1) single positive cells, (2)
infiltrating cells, (3) epithelial cells, (4) connective
tissue. a. Rare CD68þ Mφs in the fibrous area of the
gingiva, mg.�100. b. CD68þ Mφs in the fibrous area,
mg.�400. c. Increased density of CD163þ Mφs in the
fibrous area of the gingiva, mg.�200. d. CD163þ Mφs
in the fibrous area, mg.�400.
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[30, 31]. The comprehensive review suggested that arginase including
Arg-I and Arg-II causes L-arginine deficiency, resulting in decreased NO
production from iNOS in Mφs (M2 type function). Arg-I and Arg-II share
the same L-arginine metabolizing function but seem to exert distinct ef-
fects on Mφs [32]. Another review speculated that M2/Arg-I Mφs might
be more efficient in the induction of extracellular arginine depletion
[12]. Ornithine itself can further feed into the important downstream
pathways of polyamine and proline syntheses, which are important for
cellular proliferation and repair, which is a predominant function of M2
Mφs [12]. Ornithine is transformed by ornithine decarboxylase (ODC),
which limits M1 activation and macrophage anti-microbial activities by
chromatin modification [19]. Therefore, we selected L-arginine and
L-ornithine for studying as agents to promote M1 and M2 Mφs functions,
respectively.

This field is characterized by Mφs classification problem, particularly
in vivo, which originates from a gap in the knowledge of the several in-
termediate polarization statuses between the M1 and M2 extremes.
Moreover, the detailed features of metabolic reprogramming crucial for
macrophage polarization are largely unknown [33]. Therefore, we used
the immunohistochemistry technique to determine the density of CD68þ
and CD163 þ cells as preliminarily morphological equivalents of
different subpopulations of Mφs. CD68 and CD163 molecules are scav-
enger receptors [34]. Not only are some scavenger receptors more highly
expressed in M2 cells than in M1 cells, but also the presence of some
receptors contributes to the polarization programme of these cells.
CD163 is instrumental in promoting an anti-inflammatory phenotype in
M2 Mφs [35]. It can sequester and thus inactivate pro-inflammatory
molecules such as TNF-related weak inducer of apoptosis (TWEAK)
[36], and attenuates haemoglobin-associated damage that is a source of
inflammation [37, 38]. Nevertheless, scavenger receptors can contribute
to pro-inflammatory Mφ responses in certain contexts [34, 39]. Mean-
while, CD68 is a differentiation marker of hematopoietic cells of the
monocyte/macrophage lineage. It is mostly found in the late endosomal
compartment in Mφs and dendritic cells, with a limited expression on
resting cells. CD68 plays a minor role in the binding and uptake of
oxidized lipoproteins and apoptotic cells by Mφs [40]. But in general, not
much is known about Mφs phenotype related to periodontitis.
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Our major finding was a pronounced effect of the L-ornithine which
significantly increased representation density of CD68þ and CD163þ
Mφs with the predominance of CD163þ Mφs. Results about increased
CD163þ Mφs fit into the modern concept about the anti-inflammatory
effect of L-ornithine and its metabolites on Mφs [12, 41, 42]. In the
present study the density of CD68þ Mφs although significantly
increased, but did not significantly differ from the reference SRP Group.
Nevertheless, this suggests that СD68þ Mφs, together with CD163þ
Mφs, contribute to the resolution of inflammation in periodontitis.

L-arginine administration slightly increased the density of CD68þ
and CD163þ Mφs, without inter- and between groups significance. The
findings partially consist with mentioned above probabilities about M1
promotion by arginine, because arginase can limit arginine availability
for NO synthesis, as demonstrated by pharmacological arginase inhibi-
tion in different types of macrophages [12, 32]. However, the statistically
significant predominance of CD163þ Mφs density over CD68 þ after
L-arginine administration prompts a suggestion about its slight CD163þ
Mφs promotion also.

In total, observed wide range distribution of CD68þ and CD163þ
Mφs density indicates a high variability of individual response. To
summarize, the integration of hundreds of signals, including metabolic,
ultimately defines a macrophage's behavior, including those associated
with periodontitis. Therefore we assume that the outcomes obtained with
L-arginine or L-ornithine cannot be generalized.

Significant prevalence of CD163þ Mφs density after macrophage-
targeted treatment, followed by massive areas of fibrous tissue in the
gingiva, and difference from a slight predominance of CD163þMφs after
SRP treatment, together with the data about the possibility to skew
macrophages function for improvedwound healing [43], can be evidence
of M2 Mφs healing function.

One of the limitations of the study was the use of Mφs markers, which
can be partially overlapped in pathology. In addition, it is not fully
clarified whether CD68þ and CD163þ Mφs represent terminally differ-
entiated cells, or whether these cells are plastic and can adapt their
function according to new environmental cues. The above-mentioned
fact is associated with another limitation, which was the time of the
second biopsy, chosen with account for the timing of periodontal healing
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[44]. Hence, the long-term effect on periodontal status and the exact time
of L-arginine and L-ornithine effects on Mφs should be clarified.

5. Conclusions

The use of L-arginine and L-ornithine as an adjunct to SRP promotes
additional limited immunological benefit in the treatment of periodon-
titis. Metabolic stimulation with L-ornithine, but not L-arginine, is pref-
erable for CD163þ Mφs subpopulation in periodontitis-affected gingiva.
According to clinical improvement, CD163þMφs promotion corresponds
to M2 polarization in periodontitis. The long-term results are necessary in
order to obtain evidence of the new possibilities of macrophages-targeted
therapy to improve periodontitis treatment.
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