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Background: Humic acid is a soil extract found widely around the world. This

product includes some trace elements important for human’s health. The pur-

pose of this study was to evaluate the morphometric and histopathological

changes associated with an experimental periodontitis model in rats in response

to systemic administration of humic acid.

Material and Methods: Thirty-eight male Wistar rats were divided into five

experimental groups: non-ligated (NL, n = 6) group; ligature-only (LO, n = 8)

group; ligature + systemic administration of humic acid (20, 80 and 150 mg/kg

body weight per day for 15 d respectively) (S-20, S-80 and S-150) groups. 4/0

silk ligatures were placed at the gingival margin of lower first molars of the

mandibular quadrant. The animals were killed at the end of 15 d. Changes in

alveolar bone levels were clinically measured, using a stereomicroscope (9 25),

as the distance from the cementoenamel junction to the alveolar bone crest.

Tissues were histopathologically examined to assess the differences of osteoclast

numbers, osteoblastic activity and inflammatory cell infiltration among the study

groups. Enzyme-linked immunosorbent assay interleukin (IL)-1b and IL-10

levels in serum and gingival homogenates were evaluated.

Results: At the end of 15 d, the alveolar bone loss was significantly higher in

the LO group compared to the NL, S-80 and S-150 groups (p < 0.05). In addi-

tion, the alveolar bone loss in the S-80 group was significantly lower than the

LO and S-20 groups (p < 0.05). The osteoblastic activity in the S-80 and S-150

groups was significantly higher than the other groups (p < 0.05). The osteoclast

number in the LO group was significantly higher than the NL, S-80 and S-150

groups (p < 0.05). Inflammatory cell infiltration was significantly higher in LO

and S-20 groups than the other groups (p < 0.05). The highest serum and gingi-
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val homogenate IL-10 levels were determined in the S-80 group (p < 0.05). The

serum and gingival homogenate IL-1b levels in the LO group were significantly

higher than the other groups (p < 0.05). Both 80 and 150 mg/kg dosages of

humic acid significantly reduced the periodontitis-related bone loss and inflam-

mation, but the differences between these two groups were not statistically sig-

nificant (p > 0.05).

Conclusions: Within the limits of this study, it can be suggested that humic acid,

when administered systemically as an 80 mg/kg dose, may prevent alveolar bone

loss and reduce inflammation in the rat model.

Periodontitis is a disease of supportive

tissue characterized with connective

tissue attachment and alveolar bone

loss, composed by inflammatory and

immunological reactions against mul-

tiple periodontopathogens (1). This

disease is often a periodical chronic

illness characterized by successive

active and passive periods (2,3).

Although various factors play a role

in the occurrence of periodontitis,

microbial dental plaque has been

defined as the primary factor (4).

However, microbial dental plaque is

not enough on its own to describe the

pathogenesis of the disease. It is

thought there is a set of interactions

between the bacteria and the host

immune mechanism in the occurrence

and progression of the disease (5).

Bone loss in the inflammation process

is related to significant levels of

inflammatory indicators and penetra-

tion of these indicators into the gingi-

val tissues. One of the most important

of these indicators is cytokine (6).

Cytokines are hormone-like mediators

that provide intercellular communica-

tion and regulate the immune system

(7). The cause–effect relationship

between cytokines (interleukin [IL]-

1b, IL-10, etc.) and periodontal tissue

loss has been shown (8,9). IL-1 is a

proinflammatory cytokine that pro-

vides collection of the cells to the side

of infection. It improves the bone

destruction period (10). IL-10 has

shown anti-inflammatory effects on

various cell types and regulator effects

on the immune response in periodon-

tal disease (11,12).

Conventional treatment includes

mechanical removal of the microbial

plaque and calculus by scaling and

root planing. Nevertheless, some

patients may need adjunctive

chemotherapeutics (13). Because of a

direct relationship between the

destruction of periodontal tissues and

the host response, in addition to

antibacterial applications, therapeutic

applications that modulate the host

response may be useful in periodonti-

tis treatment (14). Some reagents may

have both antimicrobial and anti-in-

flammatory properties and, therefore,

might be useful to control and treat

multiple aspects of periodontal disease

pathology. For this purpose, we have

studied the effects of humic acid (HA)

on this type of inflammation.

HAs are the forms of organic car-

bon found commonly in nature (15).

In other words, humic structures con-

stitute coarse of organic materials

(16). Naturally occurring HAs are

brown–black-colored polymeric

organic acids found in all soils and

water surfaces (17). Because of the

assumed healing effects of mud, HAs

have been used therapeutically long

ago in Babylonia and the Roman

Empire. Mud baths were offered in

Europe in the early nineteenth century

for gynecological and rheumatic dis-

eases. They were used as drinking

cures for gastric, intestinal or hepatic

diseases. Later, they were used for

musculoskeletal and skin diseases

(18). Recently, HAs have common

application in the field in medicine

because of their anti-inflammatory

(18), antiviral (18), antibacterial (19),

anti-allergic (19), anti-ulcerogenic

(19), etc. properties. However, to the

best of our knowledge, there is no

study about their effects on periodon-

tal tissues, and our study is the first

experimental study about this in the

field of dentistry.

HAs exhibit their anti-inflamma-

tory effects in different ways, as they

suppress both phases of the inflamma-

tory process (exudation and prolifera-

tion) and inhibit the lipoxygenase

pathway of the arachidonic acid cas-

cade. Arachidonic acid is an integral

part of the cell membrane, and the

substrate for inflammatory mediators

such as leukotrienes, thromboxane

and prostacyclin (18).

Dermal, oral or subcutaneous

application of HA leads to the inhibi-

tory effect on inflammation. This

effect is believed related to the flavo-

noid groups contained in HA. In

addition, the literature has indicated

that red blood cells were capable of

carrying more oxygen in the presence

of HA; therefore healing, because of

additional oxygen, is much quicker.

HAs act as dilators that increase cell

wall permeability, which allows easier

transfer of minerals from blood to the

bone and cells (15).

Therefore, the aim of our study is

to investigate the systemic effects of

HA on bone resorption and gingival

inflammation in an experimental peri-

odontitis model.

Material and methods

Animals and experimental

periodontitis model

The study protocol and experimental

design were approved by the Animal

Ethics Committee of Cumhuriyet

University School of Medicine. In

total, 38 male Wistar rats were used

in the experiment. Their body weight
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ranged from 280 to 320 g at the

beginning of the experiment. In the

selection of experimental animals,

some properties such as good health

of the rats and the fact they were not

part of an earlier experiment were

carefully checked. Rats in each group

were fed in different cages under the

same conditions. All rats were fed

with standard diet and water at 12 h

intervals each day and night and at

21 � 1°C temperature and 40–60%
humidity. Rats were put in metallic

cages 10 d before the study to prepare

them to their new life conditions. The

experimental stages of our study were

performed in the Animal Laboratory

of Cumhuriyet University’s Faculty of

Medicine.

The animals were randomly divided

into five groups as follows:

• Non-ligated (NL) group (n = 6).

• Ligature-only (LO) group

(n = 8).

• Ligature plus HA (20 mg/kg per

day for 15 d) (S-20) group

(n = 8).

• Ligature plus HA (80 mg/kg per

day for 15 d) (S-80) group

(n = 8).

• Ligature plus HA (150 mg/kg per

day for 15 d) (S-150) group

(n = 8).

Induction of experimental

periodontitis

Ligature placement was performed

under general anesthesia using keta-

mine (40 mg/kg; Eczacibasi Ilac

Sanayi, Istanbul, Turkey) in the LO,

S-20, S-80 and S-150 groups and a 4/

0 silk suture (Dogsan Ilac Sanayi,

Istanbul, Turkey) was submarginally

placed around the first molars of right

mandibular quadrants. The sutures

were checked after applications. All

ligatures were placed by the same

operator (M.C.). HA was systemically

administered by gastric feeding at a

rate of 0.5 mL/d until death on day

15. After the blood samples were

taken by cardiac puncture all the ani-

mals were killed on day 15.

After the mandible was dissected

free of the muscles and soft tissue,

keeping the attached gingiva intact

with the bone, the right mandibles

were used for morphometric,

histopathologic and enzyme-linked

immunosorbent assay (ELISA) analy-

sis.

Preparation of humic acid and

contents

HA was obtained from peat coming

from the western Black Sea region.

The HA was diluted in sterile saline

solution to reach the appropriate con-

centrations. Our HA solutions also

contained trace elements such as Si,

Se, Ca, Mg, Fe, Zn, etc. (Fig. 1).

Measurement of alveolar bone loss

To determine the cementoenamel

junction, the mandibles were stained

with aqueous methylene blue (1%;

Merck & Co., Inc., NJ, USA). A

digital camera (Nikon D90; Nikon

Corp., Tokyo, Japan) attached to a

stereomicroscope (9 25 magnifica-

tion; Stemi DV4, Carl Zeiss, Ger-

many) with medical lenses was used

to take standardized pictures from

the buccal and palatal aspects of

each specimen. The alveolar bone

height was measured by recording

the distance from the cementoenamel

junction to the alveolar bone crest.

Measurements were taken at three

points on both the buccal and lin-

gual sides. The imaginary line

through the middle of each root

was assessed. Six measurements were

made from each tooth and a mean

value for each tooth was calculated.

Alveolar bone loss quantification

was evaluated by Image J software.

The morphometric measurement of

alveolar bone loss was performed by

a single examiner (A.A.) who was

unaware of the identity of samples.

Histopathological analysis

Histological analysis was performed

by a single examiner (F.G.), who was

also blinded to the identity of sam-

ples. The mandible samples were fixed

in 10% neutral buffered formalin for

24 h at 4°C and demineralized in

10% formic acid approximately 6–8 d

at 4°C.

The specimens were then dehy-

drated, sampled, embedded in paraffin

and sectioned along the molars in a

buccolingual plane for hematoxylin

and eosin staining. Sectioning of the

paraffin-embedded samples at 5 lm
thickness was performed on a micro-

tome with a new sterile disposable

blade. Five sections of 5 mm thick-

ness, corresponding to the buccal and

lingual areas where ligatures had been

placed, were evaluated by light micro-

scopy (Nikon Eclipse, E600).

Inflammatory cell infiltration (ICI)

of the periodontal tissues, osteoblastic

activity (forming surfaces) and num-

ber of osteoclasts of the alveolar bone

and interdental septum were mea-

sured. ICI was determined by a semi-

quantitative scoring: no visible ICI, 0;

slightly visible ICI, 1; and dense ICI,

2. In the evaluation of osteoblastic

activity, we have defined forming sur-

faces by the visibility of active bone

formation surfaces, which were lim-

ited by osteoid and cuboidal osteo-

blasts. Osteoblastic activity was

determined by semiquantitative scor-

ing: no activity, 0; mild–moderate

activity, 1; and high activity, 2. Osteo-

clasts were counted based on their

morphology. A square grid with 3

mm side-length was placed over the

sections parallel to the long axis of

the first molar, with the top side of a

square coinciding with the bone crest.

The osteoclasts on the alveolar bone

surface within this square were

counted manually under a light

microscope (9 400 magnification;

Nikon Eclipse, E600). Large multinu-

cleated cells displaying eosinophilic

cytoplasm were considered osteo-

clasts. The number of osteoclasts was

expressed as the mean from the buc-

cal and lingual side.

Cytokines analysis

To measure the serum IL-1b and IL-

10 levels by ELISA, taken from rats

by cardiac puncture, 4 mL blood

samples were centrifuged for 10 min

(1000 g). After samples were sepa-

rated as serum and clot, serum were

placed into Eppendorf tubes and

stored at � 80°C until the day of

analysis.
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To measure the gingival IL-1b and

IL-10 levels by ELISA, supernatants

were derived from the collected gingi-

val tissues as described by Sakallioglu

et al. (20). The tissues were initially

blotted and weighed in a microbal-

ance for standardization. Then, each

tissue was placed into a protease inhi-

bitor (5 mg/mL aprotinin + 1 mM

EDTA) containing phosphate buffer

solution (pH 7.0, at 4°C) to prepare

10 mg tissue/mL of gingiva + pro-

tease inhibitor + phosphate buffer

solution. The prepared samples were

homogenized (four times at 7835 g

for 30 s with 10 s intervals), and the

homogenates were processed twice by

a freeze–thawing procedure. Finally,

sonication (three times at 4–5 mm for

30 s with 10 s intervals) and centrifu-

gation (at 24,400 g for 16 min) were

performed to obtain gingival super-

natants. These procedures were car-

ried out on ice medium at 0–4°C.
Gingival IL-1b and IL-10 levels were

measured using rat-specific ELISA kit

(Invitrogen, Carlsbad, CA, USA) in

accordance with the manufacturer’s

instructions. After halting color devel-

opment, the optical density was mea-

sured using a computerized microtiter

plate reader set to a wavelength of

450 nm. The cytokine levels were cal-

culated from standard curves. The

sensitivity of the IL-1b and IL-10

ELISA was 4 pg/mL. Rat-specific

ELISA kit (Invitrogen) was used to

measure the serum IL-1b and IL-10

levels in accordance with the manu-

facturer’s instructions.

Statistical analyses

The data from our study were ana-

lyzed statistically with the SPSS (ver-

sion 14.0; SPSS Inc., Chicago, IL,

USA) program. Because of inade-

quate performance of parametric

assumptions, the Kruskal–Wallis test

was performed to determine inter-

group differences. In a double com-

parison of significant reports, the

Mann–Whitney U-test was performed.

Our data were indicated as mean �
standard deviation, minimum, maxi-

mum and median in the tables and

the error level was taken as 0.05.

Results

The animals did not show any obvi-

ous signs of systemic illness and no

change in body weight (280–320 g)

throughout the experimental period.

The presence of the silk ligature

around the first molar tooth has

induced an inflammatory reaction and

alveolar bone loss in the periodontal

tissue. Measurement of alveolar bone

loss in the mandibular molar tooth

revealed significantly lower bone loss

values in the S-80 and S-150 groups

compared to other study groups

except for the NL group (p < 0.05)

(Figs 2 and 3). In addition, there was

no significant difference in alveolar

bone loss between the S-80 and S-150

groups (p > 0.05).

Serum and gingival IL-10 levels

were highest in the S-80 group

(Table 1). Serum and gingival IL-1b
levels were lowest in the NL and S-80

group (Table 1). This means that at

the 80 mg/kg dose, HA has a

powerful anti-inflammatory effect. It

shows its effect by reducing proin-

flammatory cytokine levels and

increasing anti-inflammatory cytokine

levels.

Histopathological studies have

shown that particularly in the S-80

and S-150 groups, areas of new bone

formation (high osteoblastic activity)

have been seen. At these doses there

is a great potential for osteoblastic

activity (Fig. 4). Although the ligature

placed in the S-80 and S-150 groups,

the osteoclast number was close to

the NL group (Fig. 5). The ICI score

in the S-80 group was lower than

other study groups except for the NL

group (p < 0.05).

Discussion

Periodontal diseases originate from

the connection between the microbial

dental plaque microorganisms and the

host defense mechanisms (21). From

different host cells a great number of

proinflammatory cytokines (IL-1,

tumor necrosis factor [TNF]-a, IL-6,

etc.) are released against the peri-

odontal pathogen bacteria and prod-

ucts in microbial dental plaque (22).

In periodontal diseases, the balance

or imbalance between anti-inflamma-

tory and proinflammatory cytokines

determines the course of the disease

(23–25). Therefore, in periodontal dis-

Fig. 1. Preparation of HA and its contents. FA, fulvic acid; HA, humic acid.
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eases, the proinflammatory and anti-

inflammatory cytokine levels are

important in determining the disease

course. Mostly host-derived enzymes,

cytokines and other mediators cause

extracellular matrix and alveolar bone

destruction in periodontitis. Because

of that reason, the studies focused on

the prevention of periodontal disease

by changing some destructive host

mechanism (26).

Experimental periodontitis models,

which are designed by placing a liga-

ture around molar teeth of rats, are

commonly used (27–29). The experi-

mental periodontitis model affects the

tissues locally. Therefore, determina-

tion of local cytokine levels compared

to systemic levels in terms of measur-

ing the condition of local inflamma-

tion can provide results that were

more reliable. To obtain homogenate

from gingival biopsy specimens taken

from the ligature-placed teeth is an

appropriate method for the determi-

nation of local cytokine levels (30).

High IL-1b level is an indicator of

the degree of inflammation of the gin-

gival tissue (31). Honig et al. (32)

have detected different amounts of

IL-1b levels in gingival tissues of

patients with periodontitis. However,

they were unable to detect high IL-1b
levels in healthy gingival tissues. IL-

10 shows anti-inflammatory effects by

inhibiting the synthesis of proinflam-

matory cytokines (33); therefore, pro-

duction of IL-10 is lower than healthy

gingival tissue in periodontitis lesions

(34). Our study has confirmed the

results of these studies.

The determination of serum proin-

flammatory and anti-inflammatory

cytokines levels has a significant role

in the status of patients with systemic

inflammatory periodontitis (35–37).
Similar to our study, Passoja et al.

(38) reported that serum IL-10 levels

are lower in patients with periodonti-

tis compared to healthy controls. Fur-

thermore, Gorska et al. (39) have

reported that serum IL-1b concentra-

tions in individuals with periodontitis

have higher levels than in healthy

controls.

The results of serum obtained from

the S-80 group have shown that this

dose of HA increased the level of

anti-inflammatory cytokines (IL-10)

and reduced the level of proinflamma-

tory cytokines (IL-1b).
Inflammatory infiltrates originating

from mononuclear cells and the high

numbers of osteoclasts play a major

role in the histopathology of peri-

odontal diseases (40). Studies that

focus on this field have shown there

are correlations between the amount

of alveolar bone loss and osteoclast

number, fibrosis and inflammatory

cell infiltrates, in which there is an

inverse correlation between osteoblas-

tic activity (27,41,42).

Toker et al. (27) have found that

the decrease in alveolar bone loss was

associated with the reduction of

osteoclastic activity and increasing

osteoblastic activity. Furthermore,

Nyman et al. (43) have suggested that

a decrease in alveolar bone loss is

associated with the reduction of

osteoclastic activity. Confirming these

studies, our study has shown that

alveolar bone loss is associated with

high osteoblastic activity and

decreased numbers of osteoclasts.

Hou et al. (44) have found that gingi-

val biopsy obtained from the peri-

odontitis area compared to the

healthy area had an increased concen-

tration of IL-1b.
HAs are the most common forms

of organic carbon found in nature

(15). They exhibit strong anti-inflam-

matory effects by inhibiting IL-1b and

TNF-a secretion activated by

leukocytes (45). The main therapeutic

features of HA are antibacterial,

antitoxic, anti-ulcerogenic, antiar-

thritic, anti-allergic, immunomodula-

tion and anti-inflammatory (19,46,47).

HA showed its anti-inflammatory fea-

ture in different mechanisms. Some of

these mechanisms were explained in

the studies described below.

A B

D E

C

Fig. 2. Representative images of the alveolar bone loss in mandibular first molars in all

groups. (A) NL group; (B) LO group; (C) S-20 group; (D) S-80 group; (E) S-150 group.

LO, ligature only; NL, non-ligated.

Fig. 3. Distance from CEJ to alveolar bone

crest in the study groups. ap < 0.05 vs. liga-

ture only and S-20; bp < 0.05 vs. S-80 and S-

150; cp < 0.05 vs. S-80. CEJ, cementoenamel

junction; LO, ligature only; NL, non-ligated.
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van Rensburg et al. (48) have

found the anti-inflammatory feature

of potassium humate. The result of

this study concluded that HA solution

(61 mg/kg) has an anti-inflammatory

effect by suppressing edema as effec-

tive as prednisolone (steroid group).

Similar to this dose, we found an

anti-inflammatory effect at the 80 mg/

kg dose.

The effects of potassium humate on

lymphocyte proliferation, cytokine

production and complement activa-

tion were investigated in another

study. In this in vitro study, it has

been found that 40 mg/mL potassium

humate significantly inhibited secre-

tion of the TNF-a, IL-1b, IL-6 and

IL-10 stimulating mononuclear leuko-

cytes. In addition, it was found that

10 lg/mL potassium humate, and at

higher doses (10–60 mg/mL), showed

anti-inflammatory effects by inhibiting

both the alternative and classical com-

plement pathway (45). In our study it

was found that HA significantly

decreased the serum and gingival

homogenate IL-1b level, but increased

the IL-10 level.

Joone and van Rensburg (49) have

shown that potassium humate inhib-

ited the release of mediators, which

were associated with the activation of

neutrophils and production of cytoki-

nes that may cause tissue damage.

Moreover, the results showed that

HA also inhibited the release of

myeloperoxidase that played an

important role in the inflammation

process. It was proposed that the

anti-inflammatory feature of HA was

associated with inhibition of the adhe-

sion and degranulation of neutrophils.

It is believed that the dermal, oral

or subcutaneous use of HA caused an

inhibitory effect on inflammation and

its ability to inhibit this inflammation

associated with the group of flavo-

noids’ contents (15).

Junek et al. (50) have shown the

double side effects of the concentration

of HA; while low HA concentrations

(10–80 mg/mL) increased the secretion

of TNF-a three times (proinflamma-

tory effect), its higher concentrations

(> 100 mg/mL) reduced about 10-fold

(anti-inflammatory effect). This result

is associated with the anti-inflamma-

tory effects of HA by inhibiting the

path of lipoxygenase. In our study, we

have found that HA has no anti-in-

flammatory effect at low dose (20 mg/

kg), whereas at higher doses (80 and

150 mg/kg), HA has an anti-inflamma-

tory effect.

In an in vitro study (49), it was

concluded that potassium humate

directly blocks the adhesion molecules

that play a key role in the inflamma-

tion process.

In another study (51), it has been

found that HA was a strong humoral

immune stimulant, which extends the

amount as well as the period of

immune response. This feature has

demonstrated that HA, by increasing

the host defense response helps the

host in the fight with the infection.

The number of studies researching

the effects of HAs on bone tissue is

rather scarce (52,53). In an experi-

mental bone fracture study (52), after

fracture, HA was administered during

the first week and with this applica-

tion, acceleration in osteoid formation

and bone mineralization were

obtained. However, when treatment

of HA was postponed to the second

week, a considerable decline in

osteoid formation and mineralization

was identified. Another study con-

ducted on bone fractures in children

has shown that HA had a positive

effect on bone regeneration (53). In

accordance with these studies, in our

study, particularly in the S-80 and S-

150 groups, a decrease in alveolar

bone destruction, an increase in

osteoblastic activity have been

observed. In addition, new bone for-

mation was observed in the alveolar

bone adjacent to the tooth root.

It has been found that HA at dose

levels of 100–300 mg/kg body weight

Table 1. Serum and gingival homogenate IL-10 and IL-1b levels.

Groups Mean SD Median Min Max

Serum IL-10 levels (lg/mL) [KW = 22.45, p = 0.002* *p < 0.05 significant (serum IL-10

levels)]

NL (n = 6) 21.44a 12.08 22.35 7.81 33.25

LO (n = 8) 3.90 2.20 3.19 2.13 7.10

S-20 (n = 8) 5.50 3.68 4.26 2.84 10.65

S-80 (n = 8) 39.12b 7.08 39.00 32.75 45.75

S-150 (n = 8) 9.94 4.05 9.58 5.68 14.91

Gingival homogenate IL-10 levels (lg/mL) [KW = 25.46, p = 0.001* *p < 0.05 significant

(gingival homogenate IL-10 levels)]

NL (n = 6) 89.80c 18.60 96.47 62.50 103.78

LO (n = 8) 22.71d 20.07 22.13 2.84 43.75

S-20 (n = 8) 70.45 4.04 70.02 66.37 75.40

S-80 (n = 8) 91.41 16.42 84.86 80.13 115.82

S-150 (n = 8) 66.84 8.17 65.67 59.75 76.26

Serum IL-1b levels (lg/mL) [KW = 29.07, p = 0.001* *p < 0.05 significant (serum IL-1b
levels)]

NL (n = 6) 4.68a 2.10 5.35 1.79 6.25

LO (n = 8) 96.95b 6.86 97.27 88.26 105.00

S-20 (n = 8) 71.68c 6.76 68.30 68.30 81.82

S-80 (n = 8) 32.48 10.56 28.57 25.00 47.79

S-150 (n = 8) 35.02 12.13 35.43 21.43 47.79

Gingival homogenate IL-1b levels (lg/mL) [KW = 28.01, p = 0.001* *p < 0.05 significant

(gingival homogenate IL-1b levels)]

NL (n = 6) 6.02d 3.59 6.25 1.79 9.82

LO (n = 8) 63.69e 5.17 64.11 56.98 69.58

S-20 (n = 8) 45.38f 14.91 45.03 27.68 63.79

S-80 (n = 8) 8.03 2.18 7.59 6.25 10.72

S-150 (n = 8) 23.66 3.45 23.66 19.65 27.68

IL, interleukin; LO, ligature only; NL, non-ligated.

IL-10: ap < 0.05 vs. LO and S-20; bp < 0.05 vs. the other groups; cp < 0.05 vs. LO;
dp < 0.05 vs. S-20, S-80 and S-150.

IL-1b: ap < 0.05 vs. the other groups; bp < 0.05 vs. S-20, S-80 and S-150; cp < 0.05 S-80

and S-150; dp < 0.05 vs. LO, S-20 and S-150; ep < 0.05 vs. S-20, S-80 and S-150; fp < 0.05

vs. S-80 and S-150.
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has no effect on bleeding time, clot-

ting time, thrombin time, platelet

count or induced platelet aggregation

(54). Red blood cells and hemoglobin

remain at normal levels under the

influence of humate in comparison

with control groups (55). However,

scientists revealed HA as harmless

with respect to blood, the cardiovas-

cular system, endocrine system and

other vitally important organs using

pathohistological and histochemical

methods. HA does not create allergic

reactions or anaphylaxis (unexpected

reactions) to other medicines, as it is

an apyrogen. HA does not have

embryotoxic properties and the toxic-

ity of naturally occurring HA is

remarkably low (56).

Conclusion

Various soil extracts, such as HAs,

fulvic acids, etc., have been tested for

A B A B

A B

A B A B

Fig. 4. Histopathology of mandibular first molar tooth in all groups. NL group: (A) No osteoblastic activity and inflammatory cell infil-

trate was observed and quite a few numbers of osteoclasts and low rate of fibrosis are seen (9 40). (B) Normal periodontium (9 200). LO

group: (A) Destruction in the adjacent alveolar bone to the tooth root. Abscess formation is shown with the arrows (9 40). (B) Arrows

show the osteoclasts that are lined up along the alveolar bone surface (9 200). S-20 group: (A) Inflammatory cell infiltrate between tooth

root and alveolar bone (9 40). (B) Arrows point to the intense inflammatory cell infiltrate (9 200). S-80 group: (A) No inflammatory cell

infiltrate and minimal number of osteoclasts are seen (9 40). (B) Arrows show places of strong osteoblastic activity (9 200). S-150 group:

(A) Low rate of inflammatory cell infiltrates are observed (9 40). (B) Strong osteoblastic activity areas are shown by the arrows (9 200).

ab, alveolar bone; d, dentin; LO, ligature only; NL, non-ligated; p, pulp; pl, periodontalligament.
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their antimicrobial, anti-inflammatory,

antibacterial, wound healing, mineral

transporting, analgesic, hemostatic,

antifungal and antiviral activity in

various branches of medicine. Based

on these, we investigated whether

HAs are useful in the treatment of

periodontal disease. In the rat model,

we have found that particularly at the

80 mg/kg dose, HAs have strong anti-

inflammatory and osteoblastic activ-

ity. Within the limitations of our

study, we believe that HA can be used

as an antiseptic material in periodon-

tology. Further studies are needed to

determine the clinical usage of HA.

We are investigating the effects of HA

on human periodontal ligament

fibroblasts.

To the best of our knowledge, this

study represents, within the inherent

limitations of experimental animal

and human disease interventions, the

first attempt to evaluate the role of

systemically administered HA in the

development of experimental peri-

odontal inflammation and bone loss.

HA decreased alveolar bone loss and

inflammation in a dose-dependent

manner in experimental periodontitis

in a ligature-induced rat model. The

contents of HAs may play an impor-

tant role as an adjunct to treatment

in preventing periodontal diseases,

after further evaluation of its effects

in experimental and clinical studies.

Further studies are needed to investi-

gate what are the doses and mecha-

nisms of effects of the HA in

periodontal diseases.
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