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Effects of Coffee Intake and
Intraperitoneal Caffeine
on Bone Repair Process - A
Histologic and Histometric Study

Rander Moreira Macedo, Luiz Guilherme Brentegani, Suzie Aparecida de Lacerda

Studies have suggested that caffeine acts on bone promoting an increase of calcium
excretion, inhibition of osteoblast proliferation and delay in tissue repair process, raising
the risk of fractures, osteoporosis, periodontal disease and affecting the success of bone
reconstructive procedures. The aim of this study was to analyze histomorphometrically the
process of alveolar bone healing after tooth extraction in rats subjected to daily intake of
boiled coffee or intraperitoneal administration of caffeine. Forty-five male rats were divided
according to the treatment in Control group (C); Coffee group (CO) - treated with coffee
since birth; and Caffeine (CAF) - intraperitoneal injection of aqueous solution of caffeine
1.5% (0.2 mL/100g body weight) for 30 days. When weighing between 250-300 g they were
anesthetized, subjected to extraction of the maxillary right incisor, and euthanized 7, 21
and 42 days after surgery for histological assessments of bone volume and the quality of
formed bone in the dental socket. The qualitative results demonstrated larger amounts of
blood clot and immature bone in animals under treatment of pure caffeine compared to
coffee and control. Histometric analysis revealed that coffee treatment led to a 40% drop
in bone formation, and caffeine a 60% drop in comparison to control animals (ANOVA
p<0.01). It was concluded that both the daily ingestion of coffee and the intraperitoneal
administration of caffeine in rats delayed the alveolar bone reparative process after tooth
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extraction, and this effect was more aggressive when pure caffeine was used.

Introduction

The healing process after a dental extraction implies
a series of cellular and tissue-related events with the
final objective of restoring homeostasis of the area (1).
This phenomenon is extremely coordinated and the
inflammatory reaction is closely intertwined with the repair
(2). These processes may be modified by various known and
unknown influences, frequently preventing the quality
of both inflammatory response and repair. After tooth
extraction, the body fills the space left in the socket with
bone, so that the repair is completed when the alveolar
bone trabeculae are thick, the marrow spaces tiny and
alveolar crest is completely remodeled (3).

Several endogenous and exogenous factors control the
formation, resorption and remodeling of bone tissue (2),
like consumption of coffee/caffeine. Caffeine is a methyl
xanthine naturally found in many drinks, food, medications
and dietary supplements, and it is consumed by the great
majority of the world population (4). Caffeine has a variety
of cellular and pharmacological responses, producing
biological effects such as anti-oxidation, anti-mutation,
angiogenic, antibiotic action, anti-hypercholesterolemia,
anti-hypertension and anti-inflammatory (5).

While some studies have suggested that the effects of
coffee/caffeine on bone metabolism are still controversial

histomorphometry.

(6), others have reported that caffeine, a major constituent
of coffee, is associated with a significant increase of
periodontal diseases (7), fracture of osteoporotic bones (8),
increase in urinary calcium and decrease of bone mineral
density (6), as well as delay in bone repair process (9).
Also, caffeine has an additional deleterious effect when
administrated to animals with osteoporotic bones (10).

The number of patients who need surgical procedures
involving bone tissue, such as dental extraction, bone
with grafts, bone fractures union and placement of
osseointegrated dental implants are on the rise, and
consumption of coffee and products containing caffeine
is high in modern society. It is therefore important to
evaluate the degree of bone alterations during the repair
process concomitant to their use.

The aim of thisstudy was to assess histomorphometrically
the effects of daily intake of coffee or daily intraperitoneal
administration of aqueous solution of caffeine on the
alveolar bone repair process after tooth extraction in rats.

Material and Methods

All the procedures were conducted in accordance
with ethical principles for animal research, as approved
by the Ethics Committee for use of Animals of Campus of
Ribeirdo Preto, University of Sdo Paulo, Brazil, and received
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an anthelminthic for animal use (Systamex; Schering of
Brazil, Sdo Paulo, SP, Brazil) for 3 days.

Treatment of Animals

Forty five Wistar rats (Rattus norvegicus) weighing
250-300 g were used. The animals were fed a balanced
diet (6003 Nuvilab VC-1: Nuvital, Colombo, PR, Brazil) and
water. They were housed in plastic boxes (40 x 32 x 17 ¢cm)
under controlled lighting (12 h light/12 h darkness) and
temperature (21-25 °C), and were allocated to a treatment
group with coffee, caffeine or control.

Adaptation Model to the Intake of Coffee

Seven female rats were adapted to the ingestion of 50
mg/mL (1.2 mL of infusion coffee/day) of boiled roasted
and ground coffee (Utam SA, Ribeirdo Preto, SP, Brazil)
for 30 days, by reducing the offer of water, as follows: 15t
week: 50 mL water/rat and infusion coffee ad libitum, in
separate bottles; 2nd week: 35 mL water/rat and infusion
coffee ad libitum, in separate bottles; 3rd week: 25 mL
water/rat and infusion coffee ad libitum, in separate bottles;
4th week: 10 mL water/rat and infusion coffee ad libitum,
in separate bottles.

The vaginal smear of females was used to determine
the mating cycle. The last doses (10 mL water and infusion
of coffee ad libitum) were maintained during mating and
pregnancy. Females that did not get pregnant were removed
from the study. Coffee intake was maintained for 15 male
pups since birth up to adult age, until weighing between
250-300 g, at which time were operated. The amount of
coffee ingested by the animals was estimated based on
human daily consumption of 4 cups (240 mL) per day for
a person weighing 60 kg.

Intraperitoneal Administration of Caffeine Solution

Fifteen animals with the same weight (250-300 g)
received daily intraperitoneal injections of 30 mg/kg/day of
1.5% aqueous solution of caffeine (Sigma-Aldrich, St. Louis,
MO, USA) for 30 days, when they were ready for operation.

Group Division, Surgical Procedure and Sacrifice

The animals were divided into 3 groups according
to the treatment received: Control (C) with no systemic
treatment; Coffee (CO); and Caffeine (CAF). After 60 days
of age and coffee intake for group coffee and 30 days of
caffeine administration, the animals were anesthetized
with an intraperitoneal injection of 2,2,2 tribromoethanol
(Tribromoethanol; Sigma-Aldrich, St. Louis, MO, USA); 25
mg per 100 g body weight. After antisepsis of the area,
disconnection of the surrounding gingiva and luxation, the
maxillary right incisors were extracted. The soft tissues were
sutured with Mononylon 4.0 (Ethicon, Sdo José dos Campos,

176

SP, Brazil) and the animals received 0.2 mL of veterinary
pentabiotic intramuscularly in a single dose (Wyeth, Sdo
Bernardo do Campo, SP, Brazil).

The euthanasia of the animals was done by an overdose
of the same anesthetic on the 7t, 215t and 42" days
after the extraction (n=>5 per group). The mandibles were
separated from the maxillag, and the right hemi-maxilla
was separated from the left one by a sagittal incision
along the intermaxillary suture. The maxillary halves were
fixed in buffered 10% formaldehyde solution (pH 7) for
24 h. The specimens were then washed in running water
and decalcified with a solution containing 20% sodium
citrate and 30% formic acid for 6 days. This solution was
replaced every 2 days and neutralized with 5% sodium
sulfate. The specimens were then dehydrated by increasing
concentration ethanol solution: 70% overnight, then 80%,
859%, 90%, and 95% for 2 h each, until 100%. The specimens
were then processed with xylol and embedded in paraffin.
Longitudinal semi-serial sections of 5um thickness were
stained with hematoxylin and eosin.

Histologic and Histometric Analyses

Histological analysis consisted of direct observations of
the alveolar area with optical microscope for the presence
of inflammatory foreign body reactions, local immune
reactions and the quality of the newly formed bone. For
histometric analysis, the degree of new bone formation
was estimated in the periods of 7, 21, and 42 days after
the surgery. A Leica DM LB2 optical microscope (Leica
Microsystems Wetzlar GmbH, Wetzlar, Germany) with a
Leica DFC 280 digital video camera (Leica Microsystems
Imaging AG, Cambridge, England) was used to capture the
images that were processed using the Leica Qwin program
(Leica Imaging Systems Ltd., Cambridge, England). A grid
containing 100 equidistant points was superimposed on
microscopic image (final magnification 250) of alveolar
components. To obtain the bone volume fraction (%), 5
fields were analyzed in each third of the alveolus (cervical,
middle and apical), totalizing 15 fields per alveolus, to
estimate the bone percentage volume by a method of
differential count of 1500 points per alveolus (n=>5).

Statistical Analysis

Differences between groups were analyzed by
parametric ANOVA and Tukey's test (p<0.01 for statistical
significance using the GMC statistical software package
(available at www.forp.usp.br/restauradora/gme/gme.html).

Results
Histological Analysis

The qualitative assessment of bone in the dental socket
of the animals at 7, 21 and 42 days revealed that in the



first period, the control group's (C) dental socket was
partially filled with delicate and immature bone trabeculae,
intermixed in a newly synthesized connective tissue rich in
capillaries containing organized masses of blood clot (Fig.
1A). In the group of animals treated with boiled coffee
(CO) there were less developed trabeculae and a larger
amount of blood clot (Fig. 1B). In animals where caffeine
was administered (CAF group), almost all dental sockets also
contained blood clots and tiny areas with bone trabeculae
in process of new bone formation and calcification (Fig. 1C).

At 21 days, the apical and cervical thirds of control
animals (C) were composed of trabecular bone thicker
than in the previous period (7 days) (Fig. 1D). In the coffee
group (CO) it was observed that trabecular bone was still
immature and had a lot of remaining blood clots compared
to the control (Fig. 1D). When pure caffeine (CAF) was used,
histological analysis showed little newly formed bone and
a wide area of blood clot (Fig. 1F).
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At 42 days, the control animals showed the dental
sockets completely filled by compact trabecular bone,
interspersed with a small amount of mature connective
tissue (Fig. 1G). In rats that consumed boiled coffee (CO),
the bone seemed more mature compared with the 21
days of this group, but less mature than those of the
control (Fig. 1H). The intraperitoneal administration of
caffeine (CAF) led to trabecular bone with low degree of
maturity when compared with animals receiving coffee
and controls. It could also be noticed that in some regions
of the dental sockets there were blood clots still in the
resorption phase (Fig. 11).

Histometric Analysis

The histometric analysis provided quantitative data
showing bone formation along with gradual decrease in the
percentage of connective tissue up to 42 days after dental
extraction. The control group had the highest percentage

Figure 1. Histological aspects of bone repair after dental extraction in animals of control group (A, D and G); daily coffee intake group (B, E and H)
and intraperitoneal caffeine administration group (C, F and 1) on days 7, 21 and 42 after surgical procedures. NBT, newly formed bone tissue; CT,
connective tissue, BC, blood clot. Hematoxylin and eosin. 250x magnification.
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of new bone formation for periods of 7, 21 and 42 days
when compared with the other groups. In relation to these
experimental systemic factors, both the chronic ingestion
of boiled coffee and intraperitoneal administration of
caffeine promoted a decrease in the percentage of bone
deposition inside the dental socket, as confirmed by the
statistically significant (p<0.01) low percentages compared
with control, in all three periods. The animals that received
coffee treatment had a delay in bone formation of 43.71%,
36.15% and 25.95% on 7t, 215t and 42 day respectively
(p=0.01) (Fig. 2). The percentage of newly formed bone in
the group that received caffeine during the same periods
showed a decrease of 79.60%, 50.79% and 52.28% (p<0.01)
of bone when compared with control (Fig. 2).

Discussion

The findings of this study reveal that the daily intake of
boiled coffee and administration of pure caffeine affected
the bone repair process after dental extraction in rats.

The alveolar bone repair offers an appropriate model
for the study of bone formation in rats and may be
considered a sensitive indicator of bone damage in
different experimental conditions (6,9,10). The present
methodology used an atraumatic technique that allowed
tooth extraction without postoperative complications, to
provide a numeric characterization of bone repair process
with the interference of systemic factors, analyzed by
histological and histometric pattern methods (6,10).

Coffee is one of the most psychoactive beverages
consumed around the world, but its effect on bone
metabolism is still controversial (11). Studies have suggested
that caffeine, a major constituent of coffee, is associated
with asignificantly increased risk of fractures, osteoporosis,
periodontal disease and poor osseointegration of bone
grafts (8,9,12).

Newly Formed Bone
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Figure 2. Volume Fraction (%) of newly formed bone inside the dental
socket after dental extraction in animals of control, daily coffee intake
and intraperitoneal caffeine administration groups on days 7, 21 and
42 after surgical procedures. Mean + standard error of the mean (n=5).
**Statistically significant difference comparison with control group
(ANOVA, Tukey'’s test. p<0.01).
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The adaptation model of coffee intake that was used
in this study started from the pregnant female, passing
through the early ages of the newborn animals and
stabilized in the adult ages, when the rats were ready
for surgical procedures, which agrees with the methods
described by Lacerda et al. (6). The main intent was a slow
adaptation process without causing any metabolic/hydric
stress on animals, which could happen if it were tried to
change abruptly from water consumption to boiled coffee
during the adult age, resulting in an additional negative
interference factor in the bone repair process. Furthermore,
the objective was to compare coffee intake during the whole
life of animals with injected caffeine for a determined
period of time, in relation to their intensity to disturb the
new bone deposition according to the exposition time.

The histological analysis of the dental sockets of animals
that drank coffee and those with caffeine administered
intraperitoneally demonstrated large areas containing
blood clots, even in late periods (21 and 42 days), and
delayed the production of granulation tissue compared
to control, with greater intensity in animals treated with
pure caffeine (Figs. 1C, Fand I).

Caffeine acts antagonizing the adenosine receptors (A;,
A,A, A,B and A;) by changing the function of the enzyme
adenil cyclase and activating the kinase A protein (PKA)
which increases the intracellular concentrations of cyclic
adenosine monophosphate (cAMP) mediator (13), that
causes modulation of various aspects of the inflammatory
response, and adaptive and innate immune response (14).

Probably both treatments with coffee and pure caffeine
could increase the levels of CAMP inside the inflammatory
cells in the socket after dental extraction, which resulted
in a lower resorptive activity and possibly apoptosis of
macrophages, as showed by Jafari and Rabani (15,16), and
reduced secretory functions of T lymphocytes specifically
by low production of inteferon-gamma (IFN-y) (18), that
stimulates the resorptive activities of macrophages as its
main function. These combined features may have resulted
in a delay of the blood clot resorption (Figs. 1B, C, E, F, Hand
). Macrophages are also able to produce several cytokines
that affect the functions of different cells involved in the
inflammatory and repair process (17). Once the viability
of macrophages in the repair site is reduced, many of the
cytokines stimulating fibroblasts tend to have lower levels.
As several of these growth factors act on chemotaxis,
proliferation, production and maturation of collagen,
perhaps a deficiency in the formation of granulation
tissue occurred, thus inhibiting the reparative functions
of fibroblasts.

The histometric analysis demonstrated a significant
decrease in the percentage of new synthesized bone in the
animals that had coffee for along period (p<0.01) compared



to control, and the daily intraperitoneal administration of
caffeine (CAF) produced the lowest amount of bone inside
the dental socket, in relation to the control and coffee
groups (p<0.01) (Fig. 2).

The action mechanisms of coffee/caffeine on bone
remodeling are not entirely clear and can be direct and
indirect. The indirect actions may occur secondarily
to changes in mineral bone homeostasis (calcium and
phosphorus), or through changes in hormones or absorption
and excretion requlators of these minerals (6,18). Evidence
for direct actions of caffeine in the metabolism of bone
cells was mainly obtained in studies of cell culture, showing
changes in both osteoblasts and osteoclasts (19,20).

The quality evaluation of bone repair process in the
dental socket of animals treated with coffee or caffeine
revealed that the newly formed bone trabeculae did not
have suitable maturity even on 215t and 42" days post
extraction (Figs. 1B, C, E, F, H and I). Instead of a thick,
well-formed and mature bone like in control (Figs. 1A, D
and G), much more connective tissue and blood clot still
persisted in the bone defect.

Many studies have demonstrated that caffeine acts
directly on osteoblasts and osteocytes disturbing the
process of differentiation (20) multiplication (9), bone
matrix production and mineralization (20), even leading
to apoptosis of these cells (21). In osteoclasts, it is
suggested that the presence of caffeine may increase the
differentiation of these cells with the consequent decrease
of bone mineral density (19).

Camargo et al. (22) reported that the average
concentration of caffeine in boiled coffee is 0.67 mg/mL. In
the present study it was found that the average of coffee
consumption by animals (CO group) during the treatment
period was 15 mL/day, therefore an average quantity/day
of 10.5 mg of caffeine was ingested by the animals. In
the group treated with pure caffeine by intraperitoneal
injections (CAF), the animals received an average dose of
15.6 mg/animal/day, what was calculated by the mean of
every single dose received daily during the experimental
period.

Regarding the mode of administration of caffeine, Wang
and Lau (23) demonstrated that the pharmacokinetic and
behavioral effects are similar with oral or intraperitoneal
route of administration. Thus, the possible more aggressive
deleterious effect of caffeine solution on the intra-
alveolar process of bone healing compared to the coffee
intake possibly occurred by the difference in the final
concentration of caffeine for both compared groups, since
in CO group the average concentration during the study
was 10.5 mg/animal/day, for CAF group it was 15.6 mg/
animal/day. Besides the difference in the received dose
for each group, the concentration of caffeine in relation
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to the vehicle was greater for animals receiving caffeine
intraperitoneally, because for a concentration of 15.6 mg,
1.04 mL of 1.5% caffeine was required. In animals ingesting
coffee, the concentration to obtain 10.5 mg of caffeine
was approximately 15 mL of boiled coffee, in other words,
a larger amount of solvent, in this case water, was present.
Therefore, possibly the presence of water decreased the
concentration of caffeine in the body, facilitating the
kidney clearance of the substance. In addition to caffeine,
coffee has several other substances such as chlorogenic
acid, niacin, and amino acids, substances beneficial to
the organism in general (24), thus the synergism of these
features may have slowed down the deleterious effects
relative to pure caffeine.

High doses of caffeine have been reported as responsible
for the decrease in cell viability of osteoblasts by
stimulating intracellular oxidative processes (21). Possibly
in CAF group there was greater plasma concentration of
caffeine compared to the CO group, consequently higher
bioavailability during the healing process after tooth
extraction. This increased supply in the repair site possibly
led to changes in intracellular mediators and thus to a
lower viability and activity of osteoblasts to synthesize
bone matrix, as evidenced in several studies (8,20,21),
and also higher osteoclastic activity (19), which may have
provided low maturity of bone trabeculae with the use of
pure caffeine (Figs. 1F, 1). In combination with these direct
actions, probably an increase of indirect actions by pure
caffeine led to a greater loss of calcium in the urine (6),
since it contained proportionally smaller amount of water
than coffee, which may have hindered the mineralization
process of the newly synthesized osteoid matrix.

The results of the present study confirm those of Lacerda
et al. (6), who observed a lower percentage of alveolar
bone after tooth extraction associated with daily ingestion
of coffee, and Macedo et al. (9), who reported a delay in
bone formation with the use of autogenous bone as graft
material. [t also corroborates the findings of another study
(10) in which caffeine injected intraperitoneally was able to
potentialize the disturbances of bone metabolism caused
by induced osteoporosis in rats. On the other hand, Ng
et al. (25) demonstrated clinically a protective effect of
coffee consumption on periodontal bone loss. Maybe this
feature was due to the presence of caffeine, which caused
a reduction of mediator levels, leading to a consequent
decrease in the inflammatory reaction and the pathway
for bone resorption. This outcome should be analyzed
carefully when compared to the present study, since the
model of dental extraction that was used must have the
inflammatory reaction to properly re-establish the alveolar
bone architecture and the inflammatory reaction during
periodontal disease, to a certain extent, acts as harmful
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factor to bone metabolism.

These results cannot fully explain the intrinsic
mechanisms involved in the process of molecular action of
coffee or caffeine on cells responsible for bone repair inside
the dental socket. However, knowing the great number of
procedures involving bone tissue which are performed daily
around the world, and also that the caffeine contained in
coffee or other supplements is widely consumed, this study
may suggest the impact of this substance in the alveolar
bone repair process.

[t may be concluded that both the daily intake of boiled
coffee since pregnancy and continuing to born animals
until adult age as well as the intraperitoneal administration
of caffeine for a determined period of time in rats caused
damage to the alveolar bone tissue repair process after
tooth extraction, with asignificant delay in bone deposition.
Changes in the reparative chronology were markedly more
evident when pure caffeine solution was used.

Resumo

Estudos tém sugerido que a cafeina age sobre o 0sso promovendo um
aumento da excrecéo de calcio, inibicao da proliferacao dos osteoblastos
e retardo no processo de reparacdo tecidual, aumentando o risco de
fraturas, osteoporose, doenca periodontal, bem como afetando o sucesso de
procedimentos de reconstrucao 6ssea. O objetivo deste estudo foi analisar
histomorfometricamente o processo de reparacdo Ossea alveolar ap6s
extracdo dentaria em ratos submetidos a ingestao diaria de café fervido ou
aadministracao intraperitoneal de cafeina. 45 ratos machos foram divididos
de acordo com o tratamento, em controle (C); café (CO), tratados com café
desde o nascimento; e cafeina (CAF), injecdo intraperitoneal de solu¢do
aquosa de cafeina de 1,5 % (0,2 mL/100 g de peso corporal) durante 30
dias. Quando pesavam entre 250-300 g os animais foram anestesiados,
submetidos a extracao do incisivo superior direito, e sacrificados em 7, 21
e 42 dias apos a cirurgia para analises histologicas quanto ao volume e a
qualidade do osso formado no alvéolo dental. Os resultados qualitativos
demonstraram grandes quantidades de coagulo sanguineo e osso imaturo
nos animais tratados com cafeina pura, em relacao aos grupos café e
controle. A avaliag¢do histométrica mostrou que o tratamento com o café
levou a uma queda na formacao 6ssea de 40%, e com a cafeina de 60% em
comparacéo ao grupo controle (ANOVA p<0,01). Concluiu-se que tanto a
ingestao diaria de café quanto a administracéo intraperitoneal de cafeina
em ratos retardou o processo de reparacéo do osso alveolar apds extracdo
dentaria, e este efeito € mais agressivo quando do uso da cafeina pura.
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