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ABSTRACT

Objective: The aim of the present study was to determine whether Curcumin and /or Ginger 
can inhibit the inflammatory responses and prevent the alveolar bone loss in experimentally induced 
periodontitis in rats.

Design: Fifty adult male Wistar rats with an average weight of 150-200 g were randomized into 
five groups, control, E. coli induced periodontitis, curcumin treated, ginger treated and curcumin-
ginger treated groups. After two weeks, the rats were sacrificed. The gingiva and periodontal 
ligaments were examined histologically, immunohistochemically and histomorphometrically. Bone 
loss was evaluated by stereometric analysis.

Results: severe destruction with areas of hydropic degeneration was observed in the gingival 
epithelium of group II as well as loss of normal arrangement of the PDL and appearance of resorption 
lacunae in both cementum and alveolar bone surfaces. Minimal recovery was observed in curcumin 
treated group and a valuable recovery were seen in both ginger treated and curcumin-ginger treated 
groups. MMP-1 immunostaining was increased in all experimental groups as compared to control 
(ANOVA) test revealed a statistically significant difference among all groups. Tukey’s post-hoc 
revealed that the difference between group I and groups II and III was significant. However, no 
significant difference was seen between group I and groups IV and V. Furthermore, there was no 
significant difference between the three treatment groups III, IV and V. Stereomicroscopic results 
revealed bone resorption in all experimental groups. The greatest mean value was in-group II. 

Conclusions: systemic administration of curcumin was not reliable in improving the condition 
of periodontitis. However, preferable results were revealed with ginger and combined mixture of 
curcumin and ginger administration.
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INTRODUCTION 

Periodontal disease is the leading cause of tooth 
loss in adults. Periodontitis is initiated by tooth-
associated microbial biofilms triggering an altered 
host response leading to soft tissue inflammation 
and alveolar bone loss (1). Periodontal infections 
are not only an important impact factor to human 
oral health but also it implicated in a variety of 
other diseases, such as cardiovascular disease, 
stroke, and aspiration pneumonia (2). A number 
of studies have indicated that the main pathogen 
of periodontal disease is the bacterial plaque 
accumulation including Porphyromonasgingivalis 
and Escherichia coli (3-5). The bacterial pathogen 
is known to play a critical role in the initiation 
of inflammatory processes in periodontal tissues 
and host immune response by releasing several 
inflammatory mediators such as proinflammatory 
cytokines, prostaglandin E2, reactive oxygen species 
and matrix metalloproteinase. These harmful factors 
result in loss of the supporting periodontal tissues 
including the collagen of periodontal ligament, 
cementum and alveolar bone (6,7). Periodontal therapy 
is aimed at achieving the complete regeneration of 
these structures (8). 

Currently, the fundamental treatment of 
periodontitis is aimed to reduce the pathogenic 
microbiota by instrumental debridement (9). 
However, mechanical instrumentation fails to 
completely eliminate the pathogenic bacteria that 
have invaded into soft tissue and anatomically 
inaccessible areas such as the furcation area and root 
depression. Owing to these unavoidable limitations, 
development of potential therapeutic drugs with an 
ability to regulate the host immune and bacteria-
mediated inflammatory interactions is a valuable 
approach for prevention and treatment of periodontal 
diseases (10). Recently, many natural products have 
been reported to improve the pathological symptoms 
of periodontitis (11,12), suggesting that natural herbs 
may be potential drugs for periodontal therapy. 

Curcumin (diferuloylmethane) is a spice used 
extensively in Southeast Asia for centuries. This 
yellow pigment is extracted from the rhizomes of 
the plant Curcuma longa, and is recognized for its 
medicinal properties including anti-inflammatory, 
anti-oxidant, anti-proliferative, anti-angiogenic, and 
anti-tumor activities (13-17). The anti-carcinogenic 
properties of curcumin have been demonstrated in 
animal models and human studies (18,19). Curcumin’s 
anti-neoplastic activity, along with its low molecular 
weight and apparent lack of toxicity (use of up 
to 8 g/day), makes it an ideal foundation for the 
development of new, synthetic chemotherapeutic 
agents (20). Interestingly, curcumin was able to block 
ulceration by induction of collagenization and 
angiogenesis in gastric tissues via upregulation of 
MMP-2,   VEGF, and transforming growth factor 
(TGF)-β at protein and messenger ribonucleic acid 
(mRNA) levels (21). 

On the other hand, Ginger belongs to the family 
Zingiberaceae. It originated in South-East Asia and 
used in many countries as a spice and condiment 
to add flavor to food. (22). Ginger has staring 
potential for treating a number of ailments including 
degenerative disorders (arthritis and rheumatism), 
digestive health (indigestion, constipation and 
ulcer), cardiovascular disorders (atherosclerosis and 
hypertension),  diabetes mellitus, and cancer(23-27). 
It also has anti-inflammatory and anti-oxidative 
properties for controlling the process of aging (28,29). 
Furthermore, it has antimicrobial potential as well 
which can help in treating infectious diseases (30).

Based on the anti-inflammatory effect of 
curcumin and ginger and the anti- microbial effect 
of ginger, the present study was conducted to 
determine whether curcumin and /or ginger can 
inhibit the inflammatory responses and prevent 
the alveolar bone loss in experimentallyinduced 
periodontitis in rats.



THE EFFECT OF ORALLY ADMINISTERED CURCUMIN AND /OR GINGER ON ESCHERICHIA (3)

MATERIALS AND METHODS:

Experimental procedure

Fifty adult male Wistar rats with an average 
weight of 150-200 g were used in this study. They 
were randomly assigned to five groups, 10 rats each. 
The rats of all groups were lightly anaesthetized 
with surgical doses of 3% sodium pentobarbitone 
(35 mg·kg−1). Group I (control group) was injected 
with 0.1 ml of 9% saline into gingival crevice of 
mandibular 1st molars of both sides every other day 
for two weeks. Experimental periodontal disease 
was induced in rats of other experimental groups (II 
& III, IV & V) by injection of 0.1 ml of E. coli (31) 
bacterial suspension, which was diluted to obtain 
approximately 1010 cells/ml into the gingival crevice 
of mandibular 1stmolars of both sides every other day 
for two weeks. In addition, concomitant curcumin 
(suspended in 0.5% w/v sodium carboxymethyl-
cellulose solution) was given to the rats of group III 
by the intragastric route daily at a dose of 100 mg/
kg for 2 weeks (32). Ginger was given to rats of group 
IV by the intragastric route daily at a dose of 200 
mg/kg for 2 weeks (33). Both curcumin and ginger 
were given to rats of group V by the intragastric 
route daily at doses of 100 mg/kg and 200 mg/kg 
respectively for 2 weeks (32-33).

The animals were sacrificed following the last 
E. coli infection dose by ketamine over dose. The 
mandibles were dissected. The right side of each 
mandible was used for light microscopic examina-
tion, immunohistochemical and histomorphometric 
analysis, forming a total of 50 bone segments (10 
specimens from each group). The degree of alveo-
lar bone loss was evaluated by stereometric analysis 
in the other 50 bone segments (10 specimens from 
each group) of the left sides of the mandibles. 

Light microscopic examination

Specimens were immediately fixed in 10% 
neutral formalin for 48 h, washed and soaked in 
10% Ethylenediaminetetraacetic acid (EDTA) 

for decalcification for 4 weeks, and then rinsed 
in distilled water. Specimens were dehydrated 
in ascending grades of alcohol and embedded in 
paraffin. From each mandible, 40 to 50 mesio-distal 
serial sections of 5 μm thickness were cut from 
the predilection site: the lingual cortical plate that 
supports the incisors and the alveolar bone apical 
to the first molar. The sections were subjected to 
haematoxylin and eosin stain according to the 
conventional method. Histopathologic examination 
was performed using light microscopy.

Immunohistochemistry (IHC)

 Sections of 5 μm were placed on positive charged 
slides. The sections were deparaffinized with xylene, 
and rehydrated in a series of ethanols. Endogenous 
peroxidase was blocked by 3% hydrogen peroxide 
in methanol for 30m. For epitope retrieval, slides 
were heated in a microwave oven at 92°C for 
20m in a PBS buffer. They were then incubated 
overnight at 4°C with the primary antibodies 
anticollagen I, MMP1 at 1:250 (Santa Cruz, CA, 
USA). Sections were subsequently incubated for 
1h with biotinylated goat anti-rabbit antibody 
IgG and then for 30m with Streptavidin-HRP 
peroxidase (Santa Cruz, CA, USA). Color reaction 
product was visualized by using diaminobenzidine-  
(DAB-) H2O2 as substrate for peroxidase. All sections 
were counterstained with hematoxylin, dehydrated, 
and covered. Incubations with phosphate-buffered 
saline containing 1% bovine serum albumin were 
used as negative controls. The negative control was 
obtained by omitting the primary antibody from the 
protocol outlined above.

The data of immunohistochemical reaction were 
obtained using Leica Qwin 500 image analyzer 
computer system (England). The image analyzer 
consisted of a coloured video camera, coloured 
monitor, hard disc of IBM personal computer 
connected to the microscope, and controlled by 
Leica Qwin 500 software. The area percentage 
occupied by MMP-1 was measured using an 
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objective lens of magnification 40 x, i.e. of a total 
magnification of 400. Ten fields were measured for 
each specimen. After grey calibration, the image 
was transformed into grey delineated image to 
choose areas exhibiting positive reactivity with 
accumulation of all grades of reactivity (minimum, 
median and maximum). Areas of positive reaction 
were then masked by a blue binary color. The area 
percentage was calculated in relation to a standard 
frame of area 118476.6 µm2. Mean value were 
obtained for each specimen.

Stereomicroscopic analysis

The mandibles of left side were excised 
and defleshed after immersion in 8% sodium 
hypochlorite for 4 hours. The specimens were 
washed in running water and dried with compressed 
air. To outline the cemento-enamel junction (CEJ), 
1% methylene blue (Sigma-Aldrich®, Saint Louis, 
USA) was applied to the specimens for 1 minute and 
then washed in running water. The specimens were 
fixed in wax with their occlusal plane kept parallel 
to the ground. The external surface of the mandible 
was examined using sharp image digital 130 x USB 
microscope camera Leica DFC 290. Images were 
transferred to the computer using computer software 
(digital viewer) and saved as TIF format with the 
aid of paint program (accessories, windows XP). A 
millimetric ruler was photographed together with 
all specimens. Alveolar bone loss was determined 
on the buccal surface of the mandibular first molars 
by distance of the CEJ from the alveolar bone crest 
(ABC) using a calibrated dissecting microscope 
(magnification, ×30). Measurements were made 
along the axis of each root in three regions of the 
first molar (three roots). The total alveolar bone 
loss was obtained by taking the sum of the linear 
recordings from the buccal tooth surface of the roots 
and dividing by three. (Liu, 2008)(34)

Statistical analyses

The data obtained from stereomicroscopic and 
immunohistochemical analyses were statistically 

described in terms of mean ± standard deviation 
(± SD). Comparison between the study groups was 
done using one way analysis of variance (ANOVA) 
test with Tukey’s post-hoc for multiple 2-group 
comparisons. A probability value (p value) less than 
0.05 was considered statistically significant. All 
statistical calculations were done using computer 
programs Microsoft Excel 2007 (Microsoft 
Corporation, NY, USA) and SPSS (Statistical 
Package for the Social Science; SPSS Inc., Chicago, 
IL, USA) version 15 for Microsoft Windows.

RESULTS

Histopathological Results

The control group (GI)

The gingiva of the Wistar albino rats exhibited 
typical keratinized stratified squamous epithelium 
with basal, prickle, granular and keratinous 
layers, the epithelial ridges were long, slender 
and numerous, a few number of intraepithelial 
lymphocytes was observed. The lamina propria was 
composed of well-formed collagen fibers, small 
sized blood vessels and few inflammatory cells 
(Fig. 1 a). The periodontal ligaments (PDL) of the 
rats of the same group were organized with small 
interstitial tissue spaces extending along the entire 
surface of PDL close to the alveolar bone surface. 
A thin layer of cementoid tissue and cementoblasts 
was found covering the root surface (Fig.1 b). 

The periodontitis group (G II)

Severe destruction in both epithelium and lamina 
propria was observed in the gingiva of group II. 
The epithelium showed reduction in its thickness 
with hyperorthokeratosis. The epithelial cells 
showed hydropic degeneration with appearance of 
large amount of vacuoles of different sizes. The 
epithelial ridges were narrower and more irregular 
than that appeared in the control group. The prickle 
cell layer revealed severe paranuclear haloing and 
hyalinization of some of its cells. The basal cell layer 
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showed loss of its palisade arrangement. Loss of the 
basement membrane continuity has been revealed. 
The lamina propria showed dissociation of the 
collagen and muscle fibers, multiple multinucleated 
foreign body giant cells, dilated blood vessels and 
increased inflammatory cell infiltration,(Fig.2a& b). 

Loss of normal arrangement of the PDL fibers 
and fibroblasts, increases in the size of interstitial 
tissue spaces with marked dilatation of its blood 
vessels were observed. Resorption lacunae and 
multinucleated osteoclasts were observed in both 
cementum and alveolar bone surfaces (Fig. 2c&d).

The Curcumin group (G III)

The gingiva of group III revealed a minimum 
degree of recovery of the epithelium when 
compared to that of group II, the vacuolization was 
more localized in the upper layers of the epithelium 
and the basement membrane was almost straight.  
The lamina propria showed dissociated collagen 
and muscle fibers (Fig. 3a). Compared to that 
revealed in GII, the PDL showed nearly the same 

Fig. (1): a- Aphotomicrograph of the gingiva of the control 
group showing normal histological structure of both 
epithelium and lamina propria with long slender 
epithelial ridges, few intraepithelial  lymphocytes 
(arrows) .b- A photomicrograph of the PDL of the 
control group showing well organized PDL fibers 
and fibroblasts, small interstitial tissue spaces  (arrow 
heads) were close to the alveolar bone surface (B) and a 
thin layer of cementoid tissue covering the root surface 
(arrow) (H&E X 200).

Fig. (2): A photomicrograph of the gingiva of 
group II showing: (a) Vacuoles of variable 
sizes in the epithelium, few irregular 
epithelial ridges , dissociation of collagen 
fibers  as well as the underlying muscles. 
(b) Hydropic degeneration within the 
epithelium (star)  and multinucleated 
foreign body giant cells in the underlying 
lamina properia  (arrows). (H&E X 
200,400).  photomicrograph of the PDL of 
group II showing: (c) disorganized PDL  
and fibroblasts, large sized  interstitial 
tissue spaces  (arrows)with dilated 
blood vessels and an irregular layer of 
cementoid tissue (arrow heads) covering 
the root surface. (d) A photomicrograph 
showing resorption of both cemntum and 
alveolar bone surfaces with appearance 
of multiple osteoclasts in their lacunae 
(arrows) (H&E X 200,400).
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disorganization with resorption of both cementum 
and alveolar bone surfaces (Fig.3d).

The Ginger group ( G IV)

The gingiva of group IV revealed mild acanthosis 
of the epithelium with smaller and fewer vacuoles 
than that observed in both groups II & III. the 
epithelial ridges were short and broad. the collagen 
fibers and the underlying muscles were improved 
(Fig. 3b).

Re-organization of the PDL and fibroblasts was 
seen at the cemental side with smooth cementum 
surface, while at the bone side, disorganized PDL 
was still observed with multibleresorption lacunae 
and  dilated  blood vessels (Fig. 3e).

The Curcumin- Ginger group ( G V)

The gingiva of group V showed nearly normal 
structure with broader and fewer epithelial ridges. A 
mild degree of dissociation appeared in the lamina 
propria and the underlying muscles (Fig. 3c).

 The architecture and arrangement of the PDL 

of group V were similar to that observed in control 
group except for mild dilatation of blood vessels 
within the interstitial tissue spaces (Fig.3 f).

Immunohistochemical Results

We evaluated the effect of E-coli induced 
periodontitis and three possible natural treatments 
on the degree of extracellular matrix proteins 
degradation using MMP-1 IHC.

The control group: (G I)

The gingiva of the control group I exhibited 
mild to moderate reaction in the basal and prickle 
cell layers of the epithelium and underlying lamina 
propria. (Fig. 4a). The PDL of the same group 
exhibited very mild MMP-1 immunostaining 
localized mainly in the interstitial tissue spaces 
(Fig.4 c).

The periodontitis group: (G II)

The gingiva of group II showed strong reaction 
of MMP-1in the basal cell layer of the epithelium 

Fig. (3): A photomicrograph of the gingiva of 
group III showing: (a) Vacuolization  localized 
in the upper layers of epithelium, the basement 
membrane is almost straight .  the lamina propria 
showing dissociated collagen and muscle fibers. 
(b)  The gingiva of group IV showing mild 
acanthosis with smaller and fewer vacuoles 
than that observed in both groups II & III  and 
more organized collagen and muscle fibers.
(c) The gingiva of group V showing nearly 
normal structure of the gingiva with broader and 
fewer epithelial ridges  and mild dissociation 
of the keratinous layer (H&E X 200). (d) A 
photomicrograph of PDL of group III showing 
disorganized PDL and fibroblasts and resorption 
of both cementum and alveolar bone surfaces. (e) 
PDL of group IV exhibited  reorganization  at the 
cemental side with smooth cementum surface. 
At alveolar bone surface, the PDL revealed 
disorganization, howships lacunae and dilated 
blood vessels (arrow)   (f)  The PDL of  group V 
showing nearly the same features as seen in group 
IV  except for mild dilated blood vessels  (arrow) 
(H&E X 200).
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and a moderate reaction in the remaining epithelial 
layers as well as the underlying lamina propria (Fig. 
4b). The PDL of the same group II showed strong 
MMP-1 immunostaining along the entire width of 
periodontal ligaments (Fig. 4d).

The Curcumin group (G III)

The gingiva exhibited strong MMP-1 
immunostaining in the basal and suprabasal layers 
of the epithelium and moderate reaction in the 
underlying lamina propria (Fig. 5 a). In addition, the 
PDL of group III revealed strong reaction to MMP-
1 localized the interstitial tissue spaces and discrete 
areas of PDL (Fig. 5 d).

The Ginger group (G IV)

The gingiva showed mild reaction to MMP-1 in 
the keratinized layer of epithelium and moderate 
immunostaining in the underlying lamina propria 
(Fig. 5 b). The PDL of group IV revealed mild 
reaction in the PDL region adjacent to the alveolar 
bone and moderate reaction of the interstitial tissue 
spaces   (Fig. 5 e).

The Curcumin-Ginger group (G V)

Group V exhibited mild MMP-1 immunostaining 
in the basal and prickle cell layers  of gingival 
epithelium and in the underlying lamina propria 
(Fig. 5 c).The PDL of  the same group  showed mild 
MMP-1 immunostaining in the interstitial tissue 
spaces (Fig. 5 f).

The area percentage occupied by MMP-1 of the 
control and experimental groups is summarized by 
means and standard deviation in Table 1.The greatest 
mean value of area % of MMP-1 immunoexpression 
was in G2 (6.27±1.31), while the lowest mean 
value was in G1 (3.25±1.21). One way analysis of 
variance (ANOVA) test revealed that the difference 
between the different groups was statistically 
significant (p=0.011). Tukey’s post-hoc revealed 
that the difference between group I and groups II 
and III was significant were p= .0053 and p=0.029 
respectively. However, no significant difference was 
seen between group I and groups IV and V were p= 
0.360 and p=0.258 respectively. Furthermore, there 
was no significant difference between the three 
treatment groups III, IV and V. 

Fig. (4): a- A photomicrograph of the gingiva 
of the control group showing mild to 
moderate immunoreactivity to MMP-1 
in the basal and prickle cell layers of the 
epithelium and underlying the lamina 
propria. b- The gingiva of group II 
showing reaction of  MMP-1in the basal 
cell layer of the epithelium (arrow heads)  
and a moderate reaction in the remaining 
epithelial layers and the underlying 
lamina properia .c- A photomicrograph 
of the PDL of the control group showing 
very mild MMP-1 immunostaining  
localized in the interstitial tissue spaces( 
astrisks). d- The periodontal ligaments 
of group II exhibiting strong  MMP-1 
immunostaining along the entire width of 
periodontal ligaments (asterisks)  (MMP-
1 X 200).
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Streomicroscopic results

Evident bone resorption was observed 2 weeks 
after inoculation with E. Coli. The greatest mean val-
ue was in group II (1.165±0.348), while the lowest 
mean value was in group I (0.416±0.039). One way 
analysis of variance (ANOVA) test revealed that the 
difference between the five groups was statistically 

significant (p<0.0001), (Table 2). Tukey’s post-hoc 
revealed that the difference between group I and 
groups IV & V was not statistically significant(p= 
0.0555,p=0.1908) respectively. However, group I 
significantly differed from group II and group III 
where (p= 0.0014, p= 0.0007) respectively. More-
over, the difference between group II and group III 
was statistically significant (p=0.0457). (Table 2)

Fig. (5):  (a)- A photomicrograph of the gingiva 
of group III showing strong MMP-
1 immunostaining in the basal and 
suprabasal layers  (arrow heads) of 
the epithelium and moderate reaction 
in the underlying lamina propria. (b)- 
The gingiva of group IV showing mild 
reaction to MMP-1in the keratinized layer 
of epithelium and moderate reaction in 
the underlying lamina propria.  (c)- The 
gingival epithelium of group V showing 
mild MMP-1 immunostaining in the basal 
and prickle cell layers and in the underlying  
lamina propria. (d)-A photomicrograph 
of the PDL of group III showing strong 
reaction of MMP-1 immunostaining 
localized in the interstitial tissue spaces 
(astrisks). (e) -The PDL of group IV 
revealed mild reaction of MMP-1 in the 
region adjacent to alveolar bone surface 
and moderate reaction in the interstitial 
tissue spaces  (sterisks). (f)- Group V  
exhibiting mild MMP-1 immunostaining 
in the interstitial tissue spaces( asterisks)   
(MMP-1 X 200).

TABLE (1) Mean values and Standard Deviation of  the area percentage of MMP-1 activity in the gingiva 
and PDL of the control and experimental groups

G1 G2 G3 G4 G5

Number of samples 10 10 10 10 10

Mean 3.25a 6.27b 5.67b,c 4.09a,c 4.07a,c

SD 1.21 1.31 1.65 1.51 0.90

Maximum 5.33 8.11 7.51 6.34 5.09

Minimum 2.19            5.06               3.91             2.14           2.95

F value 4.360

P value 0.011*

SD=Standard Deviation, *statistically significant

Tukey’s post hoc test: means with different letters are significantly different
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DISCUSSION

Individuals with periodontal disease have 
increased risk of tooth loss, particularly in cases 
associated with loss of alveolar bone and PDL. 35 
The primary etiological agent of this inflammatory 
disease is a polymicrobial complex, predominantly 
Gram negative anaerobic or facultative bacteria 
within the sub-gingival biofilm. These bacterial 
species initiate the production of various cytokines. 
These cytokines produce reactive oxygen species 
(ROS) superoxide via the respiratory burst 
mechanism as the part of the defence response to 
infection. ROS have deleterious effects on tissue 
cells when produced in excess. (36)

 In this study, periodontal disease was induced 
in rats by injections of 0.1 ml suspension of gram-
ve facultative anaerobic bacteria E.Coli into the 
gingival crevice of mandibular first molar every 
other day for 2 weeks, whereas the control group 
was injected with 0.1 ml of 9% saline. Severe 
destruction was demonstrated in the periodontium. 
This destruction was   evaluated histopathologically, 
immunohistochemically, histomorphometrically 
and streomicroscopically.

Rats are often used in models of experimental 
periodontitis because periodontal anatomy in the 

molar region shares some similarities with that 
of humans. Furthermore, rats are easy to handle 
and can be obtained with different genomes and 
microbial status. (37)

In the present research, destruction was observed 
in the epithelium and lamina propria of the gingiva 
of group II represented in hydropic degeneration 
within the epithelium, few irregular epithelial 
ridges, dissociated collagen fibers and multiple 
multinucleated giant cells. The same destruction was 
observed in PDL with disorganized collagen fibers 
and fibroblasts and presence of multiple resorption 
lacunae in both cementum and bone surfaces.

Previous studies were induced experimental 
periodontitis by repeated injection of  E. Coli 
endotoxin. They attributed the periodontal tissue 
destruction to the upregulation of proinflammatory 
cytokines such as Prostaglandin E2 and leukotriens. 
(38,39) Moreover, marked increase in protein carbonyl 
levels (biomarker for oxidative damage) in gingival 
cervicular fluid  reflect oxidative tissue damage 
occurred in periodontitis. (40)

The usage of curcumin in the herein study via 
oral route in group III showed a minimum degree 
of recovery compared to periodontitis group II. 
Various preclinical cell culture and animal studies 

TABLE (2) Mean values and Standard Deviation of  alveolar bone loss obtained by linear measurement of 
exposed roots of control and experimental groups

G1 G2 G3 G4 G5
Number of samples 10 10 10 10 10
Mean 0.416a 1.165b 0.768c 0.55a 0.487a

SD 0.039 0.348 0.141 0.128 0.104
Maximum 0.461 1.555 0.941 0.73 0.634
Minimum 0.365 0.71 0.596 0.442 0.403
F value 13.508
P value <0.0001***

SD= Standard Deviation, ***extremely statistically significant

Tukey’s post hoc test: means with different letters are significantly different
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suggested that curcumin is highly pleiotropic 
molecule because of its pharmacological properties 
including anti-inflammatory41, antimicrobial42 
and wound healing activities. (43) 

It was also observed that topical application 
of curcumin have shown to improve significantly 
wound healing in view of a rapid wound contraction 
, a greater content and a better arrangement of 
collagen.(43)

United States of Food and Drug Administration 
has declared curcumin as “generally regarded as 
safe”. In spite of its efficacy and safety, curcumin 
has not yet been approved as a therapeutic agent. 
The major drawback of curcumin is poor oral 
bioavailability which is related mainly to its poor 
aqueous solubility, intestinal metabolism, rapid 
hepatic metabolism and rapid systemic clearance. 
(44)

In the present study, ginger administration 
in group IV exhibited improvement in the 
histopathology of gingiva and PDL compared to the 
periodontitis group II.

Ginger is known for its strong free-radical 
reducing efficacy. It is mediated mostly by its 
phenolic constituents.(46) It recorded improvement of 
the antioxidant parameters and decreased production 
of free radicals derivatives in rats subjected to renal 
injury by toxic carbon tetrachloride. (47)

Ginger was also able to reduce inflammatory pain 
and chronic swelling of osteoarthritis or rheumatoid 
arthritis 48. The mechanism of the anti-inflammatory 
action of ginger was first confirmed to be due to dual 
inhibition of COX and 5-lipoxygenase, enzymes 
essential for arachidonate metabolism (49), and then 
extended to down-regulation of the induction of 
inflammatory genes. The latter effect means that 
ginger can modulate pathophysiological pathways 
activated in chronic inflammation. (50)

It was reported that combination of curcumin 
and ginger extract functions to improve wound-

healing in corticosteroid-damaged skin. The two 
agents act through complementary mechanisms. 
A major contribution of the ginger extract,  is to 
increase vascularity and blood flow in the repairing 
tissue, while the major effect of curcumin is on 
matrix remodeling.(51)

Interestingly, the immunohistochemical and 
histomorphometrical data of the ongoing study 
were corroborated with histopathological results. 
Comparing the area percentage occupied by MMP-
1 in   5 studied groups revealed an increase in the 
MMP-1 immunostaining in all experimental groups 
II,III,IV and V. The increase was statistically 
significant (p= 0.011). Moreover, significant 
difference was also observed between control group 
I and experimental groups II and IV (p=0.0053, 
p=0.029) respectively. Furthermore, no significant 
difference was existed between the three treatment 
groups III, IV and V. 

Fibroblasts are the major cell type in gingiva 
and PDL.They play a key role in maintenance 
and remodeling of extra cellular matrix (ECM) 
by producing various structural components, 
such as collagen, elastin, glycoprotein and 
glycosaminoglycans. In addition, they also 
synthesize and secrete various members of MMPs 
proteolytic enzymes that play a major role in the 
degradation of collagens and proteoglycans in 
periodontal tissues.(52) The activity of MMPs is 
largely regulated by several naturally occurring 
inhibitors like tissue inhibitors of metalloproteinases 
(TIMPs).(53) Overall, the expression and regulation 
of MMPs and TIMPs in fibroblasts are crucial for 
maintenance of tissue homeostasis and periodontal 
health. 

Disturbance of this balance is critically implicated 
in the destruction of periodontal tissues.(54) In normal 
conditions, MMPs are involved in the remodeling 
and turnover of periodontal tissues under the strict 
control of TIMPs. Increased production of MMPs 
1–3 are observed in periodontitis in response to 
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periodontopathic bacteria that results in excessive 
connective tissue breakdown.(54)

In the human skin culture system, the ginger 
extract raises the level of matrix metalloproteinase-1 
(MMP-1) – known to be associated with vascular 
growth into collagen (55) while curcumin has a strong 
positive effect on collagen synthesis and suppresses 
the increase in MMP-1 induced by ginger.(56) 
These data provide a basis for suggestion that the 
two agents have complementary effects when added 
together.

The stereomicroscopic results of the ongoing 
research provided good   support for the histological 
and immunohistochemical findings. They were 
reliable  in tracing the amount of alveolar bone 
loss. The alveolar bone loss was detected in all 
experimental groups.  Significant loss of alveolar 
bone was observed in groups II and III when 
compared to control group I ( p=0.0014 and p= 
0.0007) respectively. However, the bone loss was 
insignificant in groups IV and V when compared to 
the control group.   

Recent reports proved that curcumin and 
ginger were able to reduce bone loss by reducing 
osteoclastogenesis and impaired RANKL signaling, 
suggesting their potentials as therapeutic agents for 
osteoporosis. (57-59)

 The overall results of this study clearly 
demonstrated that systemic administration of 
curcumin was not reliable in improving the 
condition of periodontitis. However, combined 
mixture of curcumin and ginger revealed more 
promising results. 

Improvement of the bioavailability of curcumin 
is a challenge. So, it is recommended to perform 
several studies and compare between different 
curcumin formulations and /or alternative drug 
delivery system in order to optimize the curcumin 
bioavailability.                                                                     
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