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Abstract
The purpose of this study was to evaluate the biochemical, morphometric, and histopathological changes associated with
experimental periodontitis in rats in response to local administration of humic acid. Thirty-eight Wistar rats were divided into 5
experimental groups: nonligated (NL) group, ligature-only (LO) group, and ligature þ local administration of humic acid (20, 80,
and 150 mg/kg body weight per day for 15 days, respectively; L-20, L-80, and L-150 groups). Changes in alveolar bone levels were
clinically measured as the distance from the cementoenamel junction to the alveolar bone crest with a stereomicroscope. Tissues
were histopathologically examined to assess the osteoclast numbers, osteoblastic activity, and inflammatory cell infiltration among
the study groups. Enzyme-linked immunosorbent assay interleukin1b (IL-1b) and IL-10 levels in serum and gingival homogenates
were evaluated. At the end of 15 days, the alveolar bone loss was significantly higher in the LO group compared to the NL, L-20,
and L-150 groups (P < .05). The osteoclast number in the LO group was significantly higher than the NL, L-20, and L-150 groups (P
< .05). Inflammatory cell infiltration was significantly higher in the LO and L-80 groups than the other groups (P < .05). The highest
serum and gingival homogenate IL-10 levels were determined in the NL group (P < .05). The serum and gingival homogenate IL-1b
levels in LO group were significantly higher than the NL, L-20, and L-150 groups (P < .05). Within the limits of this study, it can be
suggested that humic acid, when administered locally at 20 and 80 mg/kg doses, may prevent alveolar bone loss in the rat model.
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Introduction

Humic acids (HAs) are brown-black-colored, polymeric,

alkali-soluble organic acid fractions abundantly present in all

soils (especially wetlands) and on the surfaces and the bottom

of oceans and seas.1 These polyphenolic substances are found

in many different sources in nature, one of which is peat which

is developed as a natural humic product to be used as a phar-

macological agent for various medical purposes.2-5 Peat has

been used for mud therapy (balneotherapy) for many years.2

It is also used as an anti-inflammatory agent due to its anti-

inflammatory properties.6,7 In addition, due to its antiviral,

profibrinolytic, anti-inflammatory, estrogenic, antibacterial,

anticancer, diuretic, and immunostimulant characteristics, it

has been utilized for a variety of medical applications.8-13

However, despite widespread research in the field of medicine,

the research on the use of HA in the field of dentistry is

insufficient.

Periodontitis is a chronic inflammatory disease of the sup-

portive dental tissues characterized by loss of both connective

tissue attachment and alveolar bone mass.14 Although many

factors are present in its etiology, the primary etiological factor

is the formation of microbial dental plaque (MDP).15 In MDP,

inflammatory and immunological reactions develop against

periodontopathogens,14,15 and this process is initiated and regu-

lated by molecules associated with inflammation. One of these

molecules is cytokines synthesized by the gingival cells, leu-

kocytes, the complement system, and the kinin system.16
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Cytokines are immunomodulators that are made up of pro-

teins and/or glycoproteins and their main task is the regulation

of the immune response.17-19 Because they play an important

role in the initiation and maintenance of the immune response

in periodontal diseases, they provide invaluable information in

diagnostic and therapeutic research.20 Studies have shown a

causal relationship between periodontal tissue loss and cyto-

kines.21,22 Although MDP is the main factor in periodontitis,

previous research showed that the extracellular matrix (ECM)

and bone degradation are mediated by host-derived enzymes,

cytokines, and other mediators. Removal of the bacterial adhe-

sion and regular scaling and root planing are the best options

for the treatment of periodontitis. However, in some cases,

routine removal of bacterial adhesions is insufficient to prevent

periodontal disease. In these cases, supplementary treatments,

including control of specific host mediators in addition to bac-

terial control, may be beneficial.23

Over the past 20 years, the possible roles of various

pharmacological agents as host modulators in the management

of periodontal disease have been investigated. These are non-

steroidal anti-inflammatory drugs, bisphosphonates, and

tetracyclines. In addition, several new drugs are tested in per-

iodontal therapy such as anticytokine drugs, soluble cytokine

blockers, and lipoxin.24 Humic acids are known to have a

strong immunomodulatory effect and regulate host response.

In previous studies, HA has been shown to both increase the

strength and prolong the duration of the immune response.25-27

The aim of our study was to investigate the local effect of

HA, which in addition to its immunomodulatory effect, has

antibacterial and anti-inflammatory properties, on gingival

inflammation and alveolar bone loss in an experimental period-

ontitis model in rats.

Materials and Methods

Experimental Periodontitis Model

All experiments on animals were performed according to

guidelines published by the Society for Laboratory Animal

Science in compliance with the Guide for the Care and Use

of Laboratory Animals published by the US National Insti-

tutes of Health the experimental design and the study pro-

tocol were approved by the Animal Ethics Committee of

Figure 1. Preparation of HA and analysis of its contents. FA indicates fulvic acid; HA, humic acid.
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Cumhuriyet University School of Medicine. All experiments

were performed in the Animal Laboratory of Cumhuriyet

University’s Faculty of Medicine. Thirty-eight male Wistar

rats were used for the experiments. The body weights of the

rats ranged between 280 and 320 g at the beginning of the

experiment. The animals were in good health and were not

previously used for any other experiments. Rats were fed

with standard diet and water and kept at 12-hour/12-hour

light/dark cycles at 21�C + 1�C temperature and 40% to

60% humidity. Rats were acclimatized to their experimental

cages 10 days before the study. The animals were randomly

divided into 5 groups as follows: nonligated (NL) group (n

Figure 2. Histopathology of mandibular first molar tooth in all groups. (A) The NL group: normal periodontium. No osteoblastic activity and
inflammatory cell infiltrate were observed and quite a few numbers of osteoclasts is seen (�40). (B) The LO group: Destruction in the adjacent
alveolar bone to the tooth root. Abscess formation is shown with the arrow (�40). (C) The L-20 group: No inflammatory cell infiltrate, minimal
number of osteoclasts, and strong osteoblastic activity are seen (�40). (D) The L-80 group: inflammatory cell infiltrate between tooth root and
alveolar bone and the osteoclasts that are lined up along the alveolar bone surface are seen (�40). (E) The L-150 group: no inflammatory cell
infiltrate, minimal number of osteoclasts, and strong osteoblastic activity areas are seen (�40). ab indicates alveolar bone; d, dentin; LO, ligature
only; NL, nonligated; P, pulp; pl, periodontal ligament..
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¼ 6), ligature-only (LO) group (n ¼ 8), ligature plus HA

(20 mg/kg/d for 15 days; L-20) group (n ¼ 8), ligature plus

HA (80 mg/kg/d for 15 days; L-80) group (n ¼ 8), and

ligature plus HA (150 mg/kg/d for 15 days; L-150) group

(n ¼ 8).

Induction of Experimental Periodontitis

Ligatures were placed under general anesthesia using ketami-

nea (40 mg/kg) in the LO, L-20, L-80, and L-150 groups and a

4/0 silk sutureb was placed submarginally around the first

molars of the right mandibular quadrants. All ligature place-

ments were performed by the same operator (M.Ç.). Humic

acid was locally administered by holding small cotton pellets

soaked with 0.5 mL of the respective solutions around the tooth

which was tied with a suture for 1 minute for 15 days until

sacrifice. After blood samples were obtained by cardiac punc-

ture, all the animals were sacrificed on day 15.

The mandible was dissected free of the muscles and soft

tissue while keeping the attached gingiva bone connection

intact. Then the right mandibles were utilized for the morpho-

metric, histopathologic, and enzyme-linked immunosorbent

assay (ELISA) analyses.

Preparation of HA and Analysis of Its Contents

Humic acid was obtained from peat from the western Black Sea

region by the International Humic Substances Society method.

The HA was diluted in sterile saline solution to adjust the

concentrations of its constituents. The amount of the trace ele-

ments in the HA such as Si, Se, Ca, Mg, Fe, and Zn are shown

in Figure 1.

Measurement of Alveolar Bone Loss

Mandibles were stained with aqueous methylene bluec to

locate the cementoenamel junctions. A stereomicroscoped

(�25 magnification) with a digital camerae was used to image

the buccal and palatal areas of each specimen. The distance from

the cementoenamel junction to the alveolar crest was labeled as

alveolar bone height. Measurements were obtained at 3 points

along the roots on both the buccal and lingual sides, using an

imaginary line through the middle of the roots. From each tooth,

6 measurements were performed and the mean value for each

tooth was determined. The amount of alveolar bone loss was

determined by ImageJ software. The morphometric measure-

ments of alveolar bone loss were performed by a single examiner

(A.A.) who was blinded to the type of the samples.

Histopathological Analysis

Histological analysis was performed by a single examiner

(F.G.), who was also unaware of the identity of samples

(Figure 2). The samples were fixed in 10% neutral-buffered

formalin for 24 hours at 4�C and demineralized in 10% formic

acid for 6 to 8 days at 4�C. The samples were dehydrated and

embedded in paraffin. The tissue sections were obtained along

the molars in a buccolingual plane with 5 mm thickness by

using a microtome with a new sterile disposable blade. Five

sections corresponding to the buccal and lingual areas where

ligatures had been placed were stained with hematoxylin and

eosin and imaged by light microscopy.f

Osteoblastic activity (forming surfaces), inflammatory cell

infiltration (ICI) of the periodontal tissues, and the number of

osteoclasts in the alveolar bone and interdental septum were

determined. Inflammatory cell infiltration was measured by

semiquantitative scoring as follows: no visible ICI, 0; slightly

visible ICI, 1; and dense ICI, 2. For analysis of osteoblastic

activity, forming surfaces were described by the visibility of

active bone formation surfaces, which were limited by osteoid

and cuboidal osteoblasts. Osteoblastic activity was also mea-

sured by semiquantitative scoring where no activity was set as

0, mild–moderate activity as 1, and high activity as 2. Osteo-

clast counts were performed by their morphology (Figure 3). A

square grid with 3 mm side length was put over the sections

parallel to the long axis of the first molar, where the top side of

a square coincided with the bone crest. The osteoclasts on the

alveolar bone surface within this area were counted under a

light microscope at�400 magnification.f Large multinucleated

cells that have eosinophilic cytoplasm were counted as osteo-

clasts, and their number was stated as the average of both the

buccal and lingual side.

Analysis of Cytokines

The serum IL-1b and IL-10 levels were measured by ELISA

(Table 1). After the blood samples were obtained by cardiac

puncture, 4 mL of blood samples were centrifuged at 1000g for

10 minutes, for separating the serum and the clot. Then the sera

were stored at �80�C until the day of analysis. To measure the

serum IL-1b and IL-10 levels, a rat-specific ELISA kitg was

used according to the manufacturer’s instructions.

To measure the gingival IL-1b and IL-10 levels in gingival

tissues, supernatants of the collected gingival tissues were

Figure 3. Osteoclast numbers in the study groups. aP < .05 versus LO,
L-80, and L-150 groups. bP < .05 versus L-20 and L-150 groups. cP < .05
versus L-80 group. dP < .05 versus L-150 group. LO indicates ligature
only; NL, nonligated.
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collected as described previously.28 Briefly, after the tissues

were weighed, they were placed into a phosphate-buffered solu-

tion (pH 7.0, at 4�C) with protease inhibitor (5 mg/mL aprotinin

þ 1 mM EDTA) to obtain a final sample of 10 mg tissue/mL of

gingiva þ protease inhibitor þ phosphate-buffered solution.

After the samples were homogenized 4 times for 30 seconds at

7835g with 10-second intervals, they were subjected to a freeze–

thaw procedure twice. Then they were sonicated 3 times for 30

seconds with 10-second intervals and centrifuged for 16 minutes

at 24 400g to obtain gingival supernatants. All sonications were

done on ice. The ELISA was performed by using a rat-specific

ELISA kitg according to the manufacturer’s instructions. The

optical density was measured using a computerized microtiter

plate reader at 450 nm. The cytokine levels were calculated by

using standard curves. The sensitivity of the IL-1b and IL-10

ELISA was calculated to be 4 pg/mL.

Statistical Analyses

Data were inspected with a statistical software program.h

Because of the inadequacy of parametric assumptions, the

Kruskal-Wallis test was done to determine the differences

among the groups. Mann-Whitney U test was used for a double

comparison of significant results. Data were presented as the

mean + standard deviation, minimum, maximum, and median

in the tables, and the error level was 0.05.

Results

The animals did not show any obvious signs of systemic

illness and no change in body weight (280-320 g) was

observed throughout the experimental period. The presence

of the silk ligature around the first molar tooth induced an

inflammatory reaction and alveolar bone loss in the period-

ontal tissue.

Measurement of the alveolar bone loss in the mandibular

molar tooth revealed significantly lower bone loss in the L-20

and L-150 groups compared to other study groups except for

the NL group (P < .05) (Figures 4 and 5). In addition, there was

no significant difference in the alveolar bone loss between the

L-20 and L-150 groups (P > .05).

Table 1. Serum and Gingival Homogenate IL-10 and IL-1b Levels.

Groups Mean SD Median Min Max

NL (n ¼ 6) 21.44a 12.08 22.35 7.81 33.25
LO (n ¼ 8) 3.90 2.20 3.19 2.13 7.10
L-20 (n ¼ 8) 14.37 10.39 9.94 7.81 29.80
L-80 (n ¼ 8) 4.97 2.24 4.61 2.84 7.81
L-150 (n ¼ 8) 8.34 2.34 8.16 5.68 11.36

Serum IL-10 levels (mg/mL), KW ¼ 22.45, P ¼ .002 (P < .05 ¼ significant)
NL (n ¼ 6) 89.80b 18.60 96.47 62.50 103.78
LO (n ¼ 8) 22.71 20.07 22.13 2.84 43.75
L-20 (n ¼ 8) 35.77 12.92 34.31 22.70 51.75
L-80 (n ¼ 8) 29.52 12.65 33.25 11.36 40.25
L-150 (n ¼ 8) 36.94 12.80 33.50 25.54 55.25

Gingival homogenate IL-10 levels (mg/mL), KW ¼ 25.46, P ¼ .001 (P < .05 ¼ significant)
NL (n ¼ 6) 4.68c 2.10 5.35 1.79 6.25
LO (n ¼ 8) 96.95d 6.86 97.27 88.26 105.00
L-20 (n ¼ 8) 56.61 11.85 58.91 42.28 66.36
L-80 (n ¼ 8) 87.61 5.68 87.61 81.82 93.41
L-150 (n ¼ 8) 56.84 7.01 57.90 47.79 63.79

Serum IL-1b levels (mg/mL), KW ¼ 29.07, P ¼ .001 (P < .05 ¼ significant)
NL (n ¼ 6) 6.02e 3.59 6.25 1.79 9.82
LO (n ¼ 8) 63.69f 5.17 64.11 56.98 69.58
L-20 (n ¼ 8) 25.89g 3.17 26.79 21.43 28.58
L-80 (n ¼ 8) 54.57h 11.24 55.79 42.28 64.43
L-150 (n ¼ 8) 21.65 2.56 22.77 17.86 23.22
Gingival homogenate IL-1b levels (mg/mL), KW ¼ 28.01, P ¼ .001 (P < .05 ¼ significant)

Abbreviations: IL, interleukin; KW, Kruskal-Wallis; LO, ligature only; NL, nonligated; SD, standard deviation.
aInterleukin 10: P < .05 versus LO and L-80 groups.
bInterleukin 10: P < .05 versus the other groups.
cInterleukin 1b: P < .05 versus the other groups.
dInterleukin 1b: P < .05 versus L-20 and L-150 groups.
eInterleukin 1b: P < .05 versus LO, L-20, and L-80 groups.
fInterleukin 1b: P < .05 versus L-20 and L-150 groups.
gInterleukin 1b: P < .05 versus L-80 group.
hInterleukin 1b: P < .05 versus L-150 group.
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Serum IL-10 levels were higher in the NL group compared to

LO and L-80 groups (P < .05); however, there were no statisti-

cally significant differences among other groups (P > .05).

The gingival homogenate IL-10 levels were statistically sig-

nificantly higher in the NL group compared to other groups

(P < .05), while there were no statistically significant differ-

ences among other groups (P > .05).

The serum IL-1b levels were statistically significantly lower

in the NL group compared to other groups (P < .05). In addi-

tion, the IL-1b levels were statistically significantly higher in

the LO group compared to L-2O and L-150 groups (P < .05).

Gingival homogenate IL-1b levels were statistically signif-

icantly lower in the NL group compared to all groups except

the L-150 group (P < .05). On the other hand, it was statistically

significantly higher in the LO group compared to all groups

except group L-80 (P < .05).

In histopathological studies, areas of new bone formation

(high osteoblastic activity) were observed particularly in the L-

20 and L-150 groups. However, there was no statistically sig-

nificant difference in osteoblastic activity except for the NL

group (P > .05). Although ligatures were placed in the L-20

group similar to other treatment groups, the osteoclast number

observed was close to the NL group. Inflammatory cell infil-

tration was not observed in the NL group; however, the ICI

score in the L-80 group was lower than other study groups

except for the NL group (P < .05).

Discussion

The present study shows the effects of different doses of locally

applied HA on alveolar bone loss and inflammation in period-

ontitis model in rats. Humic acids are the most common forms

of organic carbon found in nature25 and have potent anti-

inflammatory effects by inhibiting leukocyte-mediated IL-1b
and tumor necrosis factor a (TNF-a) release.29 In this study, the

effects of locally administered HA on alveolar bone loss and

gingival inflammation were investigated histopathologically,

morphometrically, and biochemically in an experimental peri-

odontitis model. In addition, the protective effect of HA in

periodontal diseases was examined. Our study is the first study

to evaluate the effect of locally applied HA on periodontal

tissues and cytokine activity.

Periodontal disease forms as a consequence of the relation-

ship between the periodontopathogenic bacteria and products

in the MDP and the host defense mechanisms.30 Many pro-

inflammatory cytokines (IL-1, TNF-a, IL-6, etc) are released

from different host cells against periodontopathogenic bacteria

and their products in MDP. These mediators are responsible for

initiating and sustaining the inflammatory response in the per-

iodontium.31 Interleukin 1 is one of the most important of these

cytokines and organizes bone resorption.22 Another cytokine,

IL-10, which plays a role in the regulation of periodontal

disease, has been shown to be anti-inflammatory and

Figure 4. Representative images of the alveolar bone loss in mandibular first molars in all groups. (A) NL group; (B) LO group; (C) L-20 group;
(D) L-80 group; (E) L-150 group. LO, ligature only; NL, nonligated.

262 Journal of Veterinary Dentistry 36(4)



immunosuppressive for several cell types in different experi-

mental models.28,32 In periodontal tissues, the balance or

imbalance between the anti-inflammatory and pro-

inflammatory cytokines determines the course of the dis-

ease.33-35 Therefore, the determination of pro-inflammatory

and anti-inflammatory cytokine levels in periodontal diseases

is important for the determination of the disease progression.

The degradation of ECM and the alveolar bone in periodontitis

is caused by host-mediated enzymes, cytokines, and other med-

iators released against pathogenic bacteria. Recent research has

focused on increasing the host modulation where the possible

roles of various pharmacological agents as host modulators in

the management of periodontal disease have been investi-

gated.23,24,36-39 Present work focuses on the antibacterial,

immunomodulatory, and anti-inflammatory effects of

HAs.13,40,41

In their study where they investigated the anti-inflammatory

effects of different substances on rats, Van Rensburg and col-

leagues42 observed that potassium humate has anti-

inflammatory properties and found that HA solution (61 mg/

kg) was as effective as prednisolone (steroid group), which is

known to exhibit anti-inflammatory effects in edema suppres-

sion. In the present study, we also found that the local admin-

istration of 20 and 150 mg/kg HA solutions significantly

reduced IL-1b, which is an indicator of gingival inflammation.

In another study, the effects of potassium humate on lym-

phocyte proliferation, cytokine production, and complex acti-

vation were investigated and the results of this in vitro study

showed that at 40 mg/mL potassium humate stimulated mono-

nuclear leukocytes and significantly inhibited the release of

TNF-a, IL-1b, IL-6, and IL-10. In addition, potassium humate

has been shown to have anti-inflammatory effects at both 10

mg/mL and higher doses (60 mg/mL) by inhibiting both the

alternative and the classical complement routes.29 In our study,

a significant reduction in IL-1b levels was observed at L-20

and L-150 mg/kg doses. Nevertheless, further investigation is

needed to understand how this effect is formed.

Several studies have shown the positive effects of HA on

bone regeneration, where the locally applied HA was observed

to accelerate bone remineralization and increase regenera-

tion.43,44 In the present study, HA has also been shown to

increase osteoblastic activity.

Even though the potential of HA to be used as a local

inflammatory agent has not been investigated in dentistry, in

a previous study performed by our group, the effects of sys-

temic administration of HA on alveolar bone loss were ana-

lyzed by using an experimental periodontitis model.45 In that

study, we observed that systemic administration of HA at 80

mg/kg dose may prevent alveolar bone loss and reduce inflam-

mation in the rat model. Since the local administration is easier

to apply than systemic administration for periodontitis treat-

ment in humans, in the present study, we investigated the

effects of local administration. The results of the present study

showed that the local administration of HA is effective in pre-

venting alveolar bone loss and has the capacity to reduce

inflammation. Further studies comparing topical versus sys-

temic administration of HA are needed to determine the most

beneficial route for clinical use in treatment of inflammation

related to periodontal use.

Periodontitis is a widespread inflammatory disease which

affects millions of people worldwide. The present study inves-

tigated the effects of local administration of HA on alveolar

bone loss and inflammation in an experimental rat model. The

results showed that local HA treatment is a potentially success-

ful agent for the treatment of periodontitis, reducing alveolar

bone loss and inflammatory response. Overall, our results pave

the way of using HA for the treatment of periodontitis in

humans, but clinical studies are required to further investigate

their use.
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Materials

a. Ketamine; Eczacibasi Ilac Sanayi, Istanbul, Turkey.

b. 4-0 silk suture; Dogsan Ilac Sanayi, Istanbul, Turkey.

c. Methylene blue aqueous solution 1%; Merck & Co, Inc, New

Jersey.

d. Stemi DV4; Carl Zeiss, Oberkochen, Germany.

e. Nikon D90; Nikon Corp, Tokyo, Japan.

f. Nikon Eclipse, E600; Nikon Corp, Tokyo, Japan.

g. Invitrogen, Carlsbad, California.

h. SPSS version 14.0; SPSS Inc, Chicago, Illinois.

Figure 5. Distance from CEJ to alveolar bone crest in the study
groups. aP < .05 versus LO and L-80 groups. bP < .05 versus L-20 and
L-150 groups. CEJ indicates cementoenamel junction; LO, ligature
only; NL, nonligated.
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