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INFLAMMATORY CHANGES IN BUCCAL WOUND HEALING OF
ALBINO RATS THROUGH COCOA POWDER EXTRACT
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ABSTRACT

Cocoa or cacao, derived from Theobroma cacao L., is considered as the “Super Fruit” due to its high
polyphenol content and antioxidant capacity. It has numerous health benefits besides its common use
in chocolate drinks and baking. The healing effects of cocoa powder extract were studied on albino
rats comprising of 4 groups with 12 rats in each group. Group A was the control group and rats were
given normal saline along with standard diet while rats in the experimental group B, C and D were
given low, medium and high dosage of cocoa extract respectively dissolved in water by oral gavage
daily along with standard rat chow diet. A 3mm surgical excisional wound was created on both left
and right buccal mucosa of rats of all four groups with the help of punch-biopsy procedure. Rats were
then sacrificed on 3rd, 7th and 14th day after the surgical procedure. Samples were obtained for
histological analysis to compare the regenerated epithelial thickness, number of inflammatory cells
and number of capillaries among the four groups. Histological changes indicated accelerated wound
healing in cocoa groups as compared to the control group.

INTRODUCTION

Wound healing is a body’s reaction to injury in an
effort to re-establish normal structure and function.
Impaired or delayed wound healing leads to extensive
morbidity and cost of treatment and ithas been observed
that these factors are aggravated in elderly people. It
is associated with excessive leukocytosis and increased
local and systemic tumor necrosis factor alpha (TNF-a)
levels®.

Biological effects of cocoa are mainly credited to the
high content of antioxidant polyphenols?. Cocoa has an
effective antioxidant capacity compared to other foods
traditionally considered high in antioxidants®*. Cocoa
intake also reduces some of the adhesion molecules
involved in the recruitment of inflammatory cells.?
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At present no human interventional studies
are available regarding the use of cocoa products in
inflammatory conditions but some studies done on
animal models suggested that cocoaindeed has anti-in-
flammatory effect. For instance, oral administration
of cocoa in mice prevented ear edema.® Furthermore,
the severity of paw edema in rats was also decreased
after a week of cocoa treatment (4.8g/kg/day).”® It also
reduced the oxidative stress associated with chronic
inflammatory diseases such as adjuvant arthritis and
collagen induced arthritis in rats.® Cocoa enriched diet
alsoreduced alveolarboneloss, gingival oxidative stress
and inflammatory cell infiltration in periodontal lesions
inrats. TNF-a and reactive oxygen metabolites (ROM)
levels were also markedly decreased in cocoa group.!?
Similar results were recently observed where high
dosage of cocoa extract successfully reduced the TNF-a
levels in buccal wounds of albino rats.!! However the
present study focuses on the inflammatory changes in
buccal wound healing of Albino rats through different
doses of cocoa powder extract.

MATERIALS AND METHODS

An experimental animal study was conducted at
the animal house and histology laboratory of Postgrad-
uate Medical Institute (PGMI). The study protocol was
approved by the Advanced Studies and Research Board
of University of Health Sciences, Lahore and Ethical
Committee of Postgraduate Medical Institute, Lahore.
The agent used in this study was cocoa powder extract
which was prepared at PCSIR (Pakistan Council for
Scientific and Industrial Research). Natural Forastero
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cocoa powder was used in this study and the extract was
prepared using the technique mentioned in previous
study.!?

Forty eight healthy albino Wistar rats of either sex,
weighing between 250-300 grams were obtained from
animal house of Agricultural University, Faisalabad.
They were kept in iron cages under optimum tempera-
ture (24+2 0C) in hygienic conditions in animal house
of PGMI, Lahore. After acclimatization of rats for a
period of one week, rats were randomly divided into
four equal groups. Rats in control group A were given
normal saline by oral gavage along with standard diet
throughout the experimental period, whereas rats in
the experimental group B received 2.4 g/Kg (low dose)
cocoa extract, group C received 4.8g/Kg (medium dose)
cocoa extract® while group D rats received 10g/Kg (high
dose) cocoa extract! daily by oral gavage along with
standard diet throughout the experimental period.

The animals were anesthetized intraperitoneally
with Ketamine (50 mg/ml) and Xylazine (23.32 mg/m]l).!
An adequate and uniform piece of tissue (deep up to
the level of the dermis) was removed from the buccal
mucosa of rats using a disposable punch biopsy tool
of 3.0 mm circumference.!* The wound was left open
for healing. All the animals were visually monitored
every day to check for possible signs of infection. On
the 3rd, 7th and 14th day after infliction of wound, four
animals from each group (n=4) were randomly selected,
placed in a chloroform chamber and sacrificed under
deep anesthesia. The whole cheek was dissected out,
washed with saline for further treatment. The tissue
was processed and Hematoxylin and Eosin stain was
used for histological analysis of buccal mucosa. Mi-
croscopic study was carried out with light microscope
(Olympus CH2) under 100X and 400X magnifications
using an eyepiece micrometer scale. The histological
architecture and extent of wound healing in the four
experimental groups was observed and compared with
each other.

STATISTICAL ANALYSIS

Datawas entered and analyzed by using SPSS 20.0
(Statistical Package for Social Sciences). The one way
ANOVA was applied to determine the mean difference
in thickness of regenerated epithelium, number of
inflammatory cells and number of blood vessels. Post
Hoc Tukey test was used for multiple comparisons.
P-value < 0.05 was considered significant.

RESULTS

Regenerating epithelium thickness was measured
in all the study groups on days 3, 7 and 14. On day
3 just a two cell thick layer of squamous epithelium
was seen at the wound margins of all the four groups
(table 1) (figure 2). None of the epithelial layers were

appreciated; hence there was no significant difference
in epithelial thickness among study groups on 3™ day
(table 1.1). On day 7, there was a prominent increase
in thickness of stratified squamous epithelium in all
the study groups (table 1). However, the mean epithe-
lium thickness in group A was significantly less as
compared to group D showing signs of delayed wound
healing (table 1.1 ) (figure 3 and 5). On day 14, the
buccal epithelium had attained its full thickness with
stratum basal, stratum spinosum, stratum granulosum
and stratum corneum clearly visible (figure 6) (table 1).
Nevertheless the mean epithelium thickness in group
A was significantly less as compared to groups C and
D (table 1.1), showing accelerated wound healing in
groups C and D as compared to group A.

Histological changes in the connective tissue of all
the four groups were observed aswell. Onday 3, in group
A, profound inflammatory cell infiltrate was visible
in the lamina propria (figure 1) as compared to other
experimental groups (table 2). On further comparison
using Tukey testit was found that there was significant
difference only in group-A vs. group-D (figure 1 and
2) (table 2.1). Few newly formed capillaries were also
visible at wound sites in all the study groups on day
3 (Table 3) with group A (figure 1) having the lowest
mean number of capillaries as compared to groups B,
C and D (table 3.1)(figure 2).

On day 7, the inflammatory cell infiltrate had
decreased considerably as compared to day 3 in all
the study groups. However group D (table 2) (figure
5) showed the lowest mean inflammatory cell count as
compared to groups A (figure 3) and B (figure 4) (table
2.1). Angiogenesis was at its peak on day 7 in all the
study groups, showing large number of newly formed
capillaries in groups C and D (figure 5) as compared to
groups A and B (figure 3 and 4) (table 3). On further
comparison using Tukey test it was found that there

L g g % ,
Fig 1: Photomicrograph of histologic section of wound
area on day-3 of control group A showing increased
inflammatory cells (yellow arrow) and lower regen-

erating capillaries (green arrows) in the connective
tissue. 400X, H&E stain.
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Fig 2: A) Photomicrograph of histologic section of wound area on day-3 of group D (100X, H & E stain); B)
Magnified photomicrograph (400 X, H & E stain) showing decreased inflammatory cells (yellow arrow) and
increased regenerating capillaries (green arrows) in the underlying connective tissue of wound site. Regen-
erating epithelium (E) (blue circular area) is also visible at wound margin but not completely covering the
wound surface.

Fig 3: A) Photomicrograph of histologic section of wound area on day-7 of control group A (100X, H&E stain);
B) Magnified photomicrograph (400X, H and E stain), showing inflammatory cells (yellow arrow) and regen-
erating capillaries (green arrows) in the underlying connective tissue of wound site. Thin layer of stratified
squamous epithelium (E) is visible covering the wound surface in figure A.

was significant difference in capillary count in group
A vs. group C, group A vs. group D (table 3.1).

On day 14, the healing process was complete in
all the study groups. Inflammatory cells had start-
ed to clear out with very few cells still visible in the
connective tissue. The mean inflammatory cell count
in all the study groups had no significant difference
(table 2) (figure 6). There was also visible decrease in
number of newly formed capillaries in the connective
tissue from day 7 to the day 14 in all the four groups,
again with no significant difference among the study
groups (table 3) (figure 6).

g . ﬁ. DISCUSSION
Ll N ey

Figure 4: Photomicrograph of histologic section of

The most significant finding of this study was
that cocoa powder extract did accelerate the healing

wound area on day-7 of group B (given low dose process in excisional wound in buccal mucosa of albino
cocoa) showing inflammatory cells (yellow arrow) rats as compared to control group animals. On 3™ day,
and regenerating capillaries (green arrows) in the epithelium had started to regenerate in all four groups
connective tissue. 400 X, H and E stain. as part of the normal physiological process of wound
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Fig 5: A) Photomlcrograph of hlstologlc sectlon of Wound area on day-7 of group D (100X H & E stain); B)
magnified photomicrograph (400 X, H & E stain) showing inflammatory cells (yellow arrow) and regener-
ating capillaries (green arrows) in the underlying connective tissue of wound site. Thick layer of stratified
squamous epithelium (E) is visible covering the Wound surface in figure A.

Fig 6: Photomlcrograph of histologic section of wound area on day-14 of control group A (A) and group- C

(B) showing completion of healing process. Some inflammatory cells (yellow arrow) and capillaries (green

arrows) are visible in the underlying connective tissue of wound site. In control group A (A), thin layer of

stratified squamous epithelium (E) with superficial keratin layer is covering the wound surface; whereas,
thicker layer of epithelium is visible in group-C (B)100X, H&E stain.. 100X, H & E stain.

TABLE 1: DESCRIPTIVE STATISTICS OF REGENERATED EPITHELIUM THICKNESS AND COMPARI-
SON IN DIFFERENT STUDY GROUPS

Days Study Mean S.D Low/er Upper p-value

groups Limit Limit

. Group-A 1.75 2.36 -2.01 5.51

é’s srd d Group-B 2.50 2.89 -2.09 7.09 0972

a .

3 Y Group-C 2.50 2.89 -2.09 7.09

= Group-D 2.25 2.06 -1.03 5.53

§ Group-A 146.25 7.50 134.32 158.18

S Group-B 188.75 8.54 175.16 202.34

S 7th day 0.012

5 Group-C 171.25 10.31 154.85 187.65

- Group-D 167.50 25.00 127.72 207.28

Q

5 Group-A 233.75 11.09 216.11 251.39

o Group-B 238.75 8.54 225.16 252.34

) 14th day 0.005

3 Group-C 257.50 28.72 211.80 303.20
Group-D 285.00 12.91 264.46 305.54
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TABLE-1.1: MULTIPLE / PAIRED WISE COMPARISON USING POST HOC TUKEY TEST

(I) Group (J) Group Mean Difference (I-J) p-value
Regenerated Epithelium Group-A Group-D -42.50000% 0.007
Thickness- 7th Day
Regenerated Epithelium Group-A Group-C 46.25000%* 0.012
Thickness- 14th Day Group-D 51.25000%* 0.006

TABLE 2: DESCRIPTIVE STATISTICS NUMBER OF INFLAMMATORY CELLS AND COMPARISON IN

DIFFERENT STUDY GROUPS
Days Study Mean S.D Lower Upper p-value
groups Limit Limit
Group-A 412.50 62.92 312.39 512.61
o) Group-B 385.00 62.45 285.63 484.37
-
£ Srdday L up-C 291.25 83.50 158.38 424.12 0.026
g Group-D 268.75 55.43 180.54 356.96
g Group-A 237.50 47.87 161.33 313.67
=R Group-B 222.50 38.62 161.04 283.96
= = . . . .
=3 Tthday o up-C 170.00 29.44 123.16 216.84 0.003
: Group-D 128.75 8.54 115.16 142.34
B Group-A 16.75 2.75 12.37 21.13
= Group-B 13.50 2.65 9.29 17.71
] 14th ’ ) ’ ' .
Z. thday o up-C 12.50 6.45 2.23 22.77 0.58
Group-D 13.75 4.79 6.13 21.37

TABLE-2.1: MULTIPLE / PAIRED WISE COMPARISON USING POST HOC TUKEY TEST

(I) Group (J) Group Mean Difference (I-J) p-value
Number of Inflammatory Group-A Group-D 47.30% 0.044
Cells-3rd Day
Number of Inflammatory Group-A Group-D 24.29% 0.004
Cells-7th Day Group-B Group-D 24.30% 0.001

TABLE 3: DESCRIPTIVE STATISTICS OF NUMBER OF CAPILLARIES AND COMPARISON IN DIFFER-

ENT STUDY GROUPS
Days Study Mean S.D Lower Upper p-value
groups Limit Limit
Group-A 4.50 0.58 3.58 5.42
Group-B 7.00 1.41 4.75 9.25
@ .001
g Srdday o up-C 9.00 1.83 6.09 11.91 0.00
g Group-D 9.50 1.00 7.91 11.09
'% Group-A 9.00 1.83 6.09 11.91
&) Group-B 14.00 2.16 10.56 17.44
h .
S 7th day Group-C 16.25 2.63 12.07 20.43 0.007
& Group-D 18.50 5.07 10.44 26.56
E Group-A 4.75 1.50 2.36 7.14
s Group-B 3.75 1.26 1.75 5.75
“ lathday o O 4.00 0.82 2.70 5.30 0.540
Group-D 3.50 1.29 1.45 5.55
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TABLE-3.1: MULTIPLE / PAIRED WISE COMPARISON USING POST HOC TUKEY TEST

Time of Sacrifice (I) Study (J) Study Groups Mean Difference (I-J) p-value
Groups

Number of Capillaries Group-A Group-C -4.50000% .002

3rd Day Group-D -5.00000% .001
Group-C Group-A 4.50000% .002

Number of Capillaries Group-A Group-C -7.25000% .032

7th Day Group-D -9.50000* .006

healing. On day-7, the thickness of the buccal epithe-
lium was increased in all of the groups with stratum
basale, stratum spinosum, stratum granulosum and
stratum corneum easily appreciated. Full thickness
of the epithelium was not yet attained and there was
thin superficial layer of keratin in all the samples.
However there was a significant increase in epithelial
thickness in experimental group D (given high dose
cocoa extract) as compared to control group A. On 14t
day of healing, a layer of stratified squamous kerati-
nized epithelium including all four layers were visible
in all four groups however the epithelium thickness
was more in groups C and D than in group A. During
the course of skin wound healing, fibrogenic growth
factors such as TGF-B1 cause an increase in collagen
production and epithelial migration!®, thus promoting
re-epithelialization of skin wounds.'®* TNF-a plays an
inhibitory role on TGF- B1 as well as collagen gene
expression!” ultimately leading to decreased epithelial
and collagen regeneration.!® Previously it was observed
that high dose cocoa caused the maximum decrease in
TNF-alevel in buccal wound of rats; hence there might
have been minimal inhibition on TGF-p stimulation
leading to acceleration of the epithelial regeneration
process in group D as compared to groups A and B.
The epithelial regeneration was somewhat accelerated
in groups B, C and D which were given low dose, me-
dium dose and high dose cocoa extract respectively on
days 7 and 14 of wound healing, but the thickness of
epithelium was greater in group D which can be linked
to the significant decrease in TNF-a level in group D
as compared to control group A.

Reduced lymphocytic infiltration on days 3 and 7
in medium and high dose cocoa groups might be due to
thereduced production of reactive oxygen species (ROS)
and pro-inflammatory cytokines by cocoa intake. ROS
is produced mainly by neutrophils and macrophages
at wound sites and protect the host against bacterial
and fungal infection.!® But excessive production of ROS
might lead to dysruption of cell membrane, apoptosis
and tissue necrosis, hence prolonging the inflammatory
phase leading to delayed wound healing in skin and
mucosa®. Cocoa enriched diet reduced the production of
pro-inflammatory cytokines and leukocyticinfiltration
in experimental periodontitis by reducing oxidative
stress.!® It was also observed that diets containing
high percentages of cocoa had more antioxidant effects

and greatly diminished serum TNF-a levels than low
percentage cocoa diets.'* TNF-a levels were also greatly
diminished in buccal wounds of rats who were given
medium to high dosage of cocoa extract!! thus further
authenticating our results observed in groups C and D
given medium dose and high dose cocoa extract respec-
tively. Meanwhile, no changes were observed in group
B animals given low dose cocoa proving the point cocoa
extract and flavonoids down-regulate inflammatory
process in a dose dependent manner!'? we report the
effects of a cocoa extract on the secretion and RNA
expression of various proinflammatory mediators by
macrophages. Monocyte chemoattractant protein 1
and tumor necrosis factor alpha (TNFalpha.

On day 14 however, inflammation had subsided
considerably in all the study groups and inflammatory
cells were scarce. Henceforth the healing process was
complete. Numerous studies have shown that on 14 and
21 days of wound healing, the density of inflammatory
cells gradually decreased and reached the physiological
levels by 21 days.?! Similarly in the present study there
was no difference in cell density between control and
experimental groups.

Angiogenesis is essential for formation of granula-
tion tissue and it is promoted by vascular endothelial
growth factor (VEGF).22 It is a proven fact that TNF-a
inhibits angiogenesis through reduction of expression
of VEGF at wound sites.!®* Medium and high dose co-
coa diet successfully decreased the gene expression of
TNF-a in buccal wound of albino rats!' which might
be the source for increased regeneration of blood capil-
laries in wound healing of group C (medium dose cocoa
group) and D (high dose cocoa group) animals on day 3
as compared to control group A. On day 7, neovasculi-
zation was at its peak and there was again a marked
increase in number of blood capillaries in groups C and
D as compared to group A. Maximum neovasculization
is usually visible on the 5th day of wound healing. The
density of blood vessels gradually diminishes later on
as collagen fibers begin to accumulate in the granula-
tion tissue to restore tissue strength.?® Henceforth by
day 14 in the present study, healing was complete in
all the study groups and the number of capillaries was
nearly the same with no significant difference. It was
demonstrated in a previous study that during healing of
cutaneous wounds, VEGF proteins were induced within
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24 hours of injury, which reached to a maximum level
at 2-3 days and declined to basal level after 7 days of
skin injury?; and thus the number of capillaries was
decreased on day 14 of wound healing. Similar results
were observed in the present study.

Numerous data is available on the anti-inflamma-

tory effects of high intake of cocoa in in-vitro studies
and present study has shown that high doses of cocoa
can have anti-inflammatory effects by modulating the
pro-inflammatory cytokines like TNF-a in-vivo.
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