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INTRODUCTION
The burns developed in oesophagus due to swallowing strong 

acidic or alkaline substances are called corrosive oesophageal 
burn and the inflammation developed as a result of these is 
called corrosive oesophagitis. Ingestion of strong corrosive 
substances, particularly alkaline substances, may cause acute 
perforation and death. Corrosive oesophageal stenosis in cases 
that survive the acute phase is a severe problem. 

The most common substances that cause corrosive oeso

phagitis lesions are sodium hydroxide, potassium carbonate, 
calcium oxide, and sodium peroxide, which have alkaline 
properties [1]. Alkaline agents cause injuries that may harm 
all layers of the organ wall throughout the oesophagus [2]. 
Strong alkaline substances produce a chemical burn by leading 
to cellular dehydration and coagulation of collagen and other 
cellular proteins following their contact with living tissues. 

The most commonly injured organ due to caustic ingestion 
is the oesophagus [3]. Severity of lesions is related to duration 
of contact with oesophageal mucosa as well as volume and 
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concentration of the substance that is taken.
Classification of corrosive oesophagitis: in first-degree burn, 

the lesion is superficial and there is hyperaemia and oedema 
in the mucosa. In second-degree burns, there is an infiltration 
into the oesophageal wall, bullae, ulceration, exudation, and 
mucosal loss and damage extending to the muscular layer. In 
third-degree burns, there is erosion involving all layers of the 
oesophagus and perforation [4].

During the clinical course of oesophageal burns the acute 
phase involves an initial 2-week period. The most significant 
complication is chemical laryngotracheobronchitis, which is 
caused by aspiration of a corrosive substance and occurs within 
the initial hours. In cases with burns in the larynx, respiratory 
distress may develop. Oedema and oesophageal spasm, which 
excels within initial 48 hours, is another common complication [5]. 

Platelet-rich plasma (PRP) is an autologous part of plasma 
that contains 3–5 fold more platelets than basal plasma value. 
Platelets secrete growth factors such as insulin-like growth 
factor, TGF-β, platelet-derived growth factor, and vascular 
endothelial growth factor. PRP and its products are components 
that have begun to be used in clinical practice due to their 
promoting effects on wound healing, cellular mitogenesis, 
osteogenesis and angiogenesis [6-8].

Zeolites are aluminosilicate minerals. They exist in nature 
most commonly in clinoptilolite form. The major property of 
clinoptilolite is to have the ability of ion exchange. It also has 
the ability to absorb and catalyze. By means of its light and 
sponge-like structure, which is formed of small crystals, it is 
frequently used in agriculture, stockbreeding, contamination 
control, mining and metallurgy. In medicine, it is used most 
commonly in prevention of toxicity of aflatoxin, diarrhoea, 
various malignant tumours and treatment of immune system 
diseases [9-11]. 

Thymoquinone (TQ) is a plant extract whose antioxidant, 
anti-inflammatory, antiviral, antihelminthic, antibacterial, 
gastroprotective, hepatoprotective, antimalarial, antitumour, 
antifungal and antidiabetic properties have been demonstrated 
in studies conducted. In conducted studies [12-16], TQ is expre
ssed as a potent inhibitor of thromboxane B2 and leucotriene 
B4. TQ inhibits metabolism of arachidonic acid in peritoneal 
leucocytes via cyclooxygenase (COX) and 5-lipooxygenase 
pathways [12-16].

In the literature, various substances have been used in order 
to promote recovery in caustic oesophagitis (heparin [17], 
vitamin E [18], caffeic acid phenethyl ester [19], F mitomycin C 
[20], etc.) We examined the effectiveness of TQ, zeolite, and PRP 
whose effectiveness in oesophagitis has not been investigated.

METHODS
This study was conducted in an experimental animal 

laboratory by courtesy of a university ethical committee of 
experimental animals (30.05.2014/69). In the study, 45 Wistar 
Albino rats weighing 220–240 g were used. Rats were kept 
under a temperature of 20°C–25°C and 40% humidity and left 
under sunlight for 12 hours daily. Rats were fed with pelletized 
animal feed of 2700 ME kcal/kg. Water was freely available to 
the rats.

PRP preparation
For PRP preparation, five female Wistar Albino rats weighing 

220–240 g were used. Cardiac blood from rats narcotised 
under anaesthesia was taken into 3.2% sodium citrate (Merck, 
Darmstadt, Germany) tubes with blood/citrate ratio of 9/1. 
Collected blood was centrifuged for 10 minutes at 400 × g. The 
upper portion was further centrifuged for 10 minutes at 800 × g. 
The upper 2/3 portion was thrown away. The lower 1/3 portion 
was considered to be PRP [21]. PRP was kept in a freezer under 
–20°C until it was used.

Study design 
Four groups comprised of 10 rats each. Five rats were used in 

obtaining PRP. 
Anaesthesia was achieved with 90 mg/kg intraperitoneal 

ketamine (Ketalar, 500 mg/10 mL Pfizer, Berlin, Germany) and 
10 mg/kg xylazine (Rompun, Bayer, Leverkusen, Germany). For 
all groups, in order to induce oesophagitis, a midline incision 
was performed on the day of the procedure, after that the 
abdominal oesophagus was clamped, an NaOH of 37.5% was 
administered through a feeding catheter and aspirated after 90 
seconds, then the oesophagus was soaked with physiological 
saline. 

For the 1st group, oesophagitis was induced and no other 
procedure was performed (control group). For the 2nd group, 
oesophagitis was induced and TQ was administered within 
0.5 mL of physiological saline at a dosage of 100 mg/kg for 1 
week via oral gavage once a day (TQ group). For the 3rd group, 
oesophagitis was induced and 0.5 mL of PRP was administered 
for 1 week via oral gavage once a day (PRP group). For the 4th 
group, oesophagitis was induced and zeolite was administered 
within 0.5 mL of physiological saline at a dosage of 5 mg/kg for 
1 week via oral gavage once a day (zeolite group). 

On the 10th day, rats were sacrificed under anaesthesia and 
venous blood sampling was performed from the vena portae. 
The oesophagus was totally excised. Biochemically, IL-1B, IL-
6, TNF-α, and MCP-1 were examined from venous blood. 
Inflammation score was evaluated histopathologically in the 
oesophageal tissue that was collected. 

Histopathological examination
Distal oesophageal segments of all rats were reserved for 

histopathological examination. Examination was performed 
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blindly by 1 pathologist. Slides were stained with haematoxylin-
eosine with 5-mm slices. Inflammation was defined as 
infiltration of neutrophils and eosinophils into oesophageal 
tissue. Stricture was defined as an increased amount of 
collagen in subepithelial tissue. Classification was as follows: 
Inflammation score 0 was normal tissue, Inflammation score 
1 was presence of inflammation and stricture in mucosa and 
submucosa, Inflammation score 2 was presence of inflam
mation and stricture in tunica muscularis, Inflammation score 
3 was presence of inflammation and stricture in all 3 layers, 
and Inflammation score 4 was presence of necrosis [22].

Statistical analysis
Whether distribution of continuous numeric variables was 

close to normal was evaluated by using Shapiro-Wilk test and 
homogeneity of variances was evaluated by using Levene 
test. Descriptive statistics were demonstrated as median 
(interquartile range). 

Significance of the difference among groups in terms of IL-
1, TNF, IL-6, MCP, and inflammation scores was evaluated 
by using Kruskal-Wallis test. In determining the results of 
the Kruskal-Wallis test as significant, condition(s) leading to 
a difference was/were determined by using Conover test of 
multiple comparisons. 

Analysis of data was performed on SPSS ver. 17.0 (SPSS Inc., 
Chicago, IL, USA) package program. For P < 0.05 results were 
considered to be statistically significant. 

RESULTS
There was a statistically significant difference among groups 

in terms of IL-1 levels (P < 0.001), compared to group I; median 
IL-1 levels of groups II, III, and IV were statistically significantly 
lower (P < 0.001, P < 0.001, and P = 0.007, respectively). 
Additionally, compared to groups II and III, median IL-1 level 
of group IV was statistically significantly higher (P < 0.001 and 

P < 0.001, respectively). There was no statistically significant 
difference between groups II and III in terms of IL-1 levels (P = 
0.248) (Table 1).

There was a statistically significant difference among groups 
in terms of TNF levels (P < 0.001), compared to group I; median 
TNF levels of groups II, III, and IV were statistically significantly 
lower (P < 0.001, P < 0.001, and P = 0.007, respectively). 
Additionally, compared to groups II and III, median TNF level 
of group IV was statistically significantly higher (P < 0.001 and 
P < 0.001, respectively). There was no statistically significant 
difference between groups II and III in terms of TNF levels (P = 
0.248) (Table 1).

There was a statistically significant difference among groups 
in terms of IL-6 levels (P < 0.001), compared to group I; median 
IL-6 levels of groups II, III, and IV were statistically significantly 
lower (P < 0.001, P < 0.001, and P = 0.007, respectively). 
Additionally, compared to groups II and III, median IL-6 level 
of group IV was statistically significantly higher (P < 0.001 and 
P < 0.001, respectively). There was no statistically significant 
difference between groups II and III in terms of IL-6 levels (P = 
0.327) (Table 1).

There was a statistically significant difference among groups 
in terms of MCP levels (P < 0.001), compared to group I; median 
MCP levels of groups II and III were statistically significantly 
lower (P = 0.005 and P < 0.001, respectively). Additionally, 
compared to group III, median MCP levels of group II and group 
IV were statistically significantly higher (P = 0.005 and P < 
0.001, respectively). Compared to group II, median MCP level of 
group IV was statistically significantly higher (P < 0.001). There 
was no statistically significant difference between groups I and 
IV in terms of MCP levels (P = 0.560) (Table 1).

There was a statistically significant difference among groups 
in terms of inflammation scores (P < 0.001), compared to group 
I; median inflammation scores of groups II, III, and IV were 
statistically significantly lower (P < 0.001, P < 0.001 and P = 
0.005, respectively). Additionally, compared to groups II and 

Table 1. IL-1, TNF, IL-6, MCP and the inflammation scores of the groups 

Group I Group II Group III Group IV P-value*

IL-1 1,549.1 (1,310.3–1,770.3)a,b,c) 781.0 (550.9–801.0)a,d) 717.4 (641.0–780.4)b,e) 1,221.5 (1,128.8–1,310.2)c,d,e) <0.001
TNF 165.3 (157.7–188.8)a,b,c) 79.9 (57.9–82.9)a,d) 74.4 (66.9–80.3)b,e) 121.5 (102.6–130.6)c,d,e) <0.001
IL-6 173.9 (166.4–197.5)a,b,c) 89.0 (66.5–91.5)a,d) 82.5 (75.5–88.9)b,e) 127.4 (111.2–140.2)c,d,e) <0.001
MCP 389.6 (329.5–619.4)a,b) 347.4 (322.6–361.0)a,d,f) 293.8 (268.0–373.6)b,e,f) 381.0 (323.9–426.6)d,e) <0.001
Inflamation 
score 

3 (3–3)a,b,c) 0.5 (0–2)a,d) 1 (0–2)b,e) 2 (1–3)c,d,e) <0.001

Values are presented as median (intrequartile range). 
Group I, control; group II, thymoquinone; group III, platelet-rich plasma; group IV, Zeolite.
*Kruskal-Wallis test, a)The difference between group I and group II was statistically significant (P < 0.01), b)The difference between 
group I and group III was statistically significant (P < 0.001), c)The difference between group I and group IV was statistically significant 
(P < 0.01), d)The difference between group II and group IV was statistically significant (P < 0.05), e)The difference between group III 
and group IV was statistically significant (P < 0.05), f)The difference between group II and group III was statistically significant (P = 
0.005).
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III, median inflammation score of group IV was statistically 
significantly higher (P < 0.001 and P = 0.035, respectively). 
There was no statistically significant difference between groups 
II and III in terms of inflammation scores (P = 0.092) (Table 1).

DISCUSSION
Caustic substance ingestion remains an important health 

problem that leads to high mortality and morbidity in society, 
particularly in children. 

Up to today, the studies conducted, which were oriented to 
recovery of caustic oesophagitis, focused on the period prior to 
development of stricture. Various substances have been used 
in order to promote recovery in this period (heparin [17], F 
vitamin E [18], F caffeic acid phenethyl ester [19], F mitomycin 
C [20], etc.). However, unfortunately very few of them exhibited 
sufficient effectiveness and yet were begun to be used in 
clinical practice. Substances that are used may exhibit their 
effects topically or systemically. We prefer to administer this 
application topically via gavage. 

In order to determine the severity of corrosive oesophagitis, 
various biochemical parameters have been used. However, 
no parameter that definitely indicates the severity of caustic 
oesophagitis has been determined. In our study, we examined 
IL-1, IL-6, TNF, and MCP levels as biochemical parameters and 
inflammation scores histopathologically in order to measure 
intensive inflammatory response, which occurs in the early 
phase. 

Nowadays, we know that due to corrosive substance intake, 
acute inflammatory response increases within the first week 
and fibroblast proliferation and collagen formation, which 
participate in development of stricture, occur after the second 
week [23]. Therefore, treatments started in the early period 
play an important role in prevention of formation of stricture 
and other complications. In our study, following completion 
of the inflammatory period, rats on which oesophagitis 
models were applied were sacrificed on the 10th day. IL-1, 
IL-6, TNF-α, and MCP levels, which are inflammatory para
meters, were examined. Parallelism was present among all 
inflammatory parameters, statistically significantly lower levels 
of inflammatory parameters in TQ, PRP, and zeolite groups 
compared to the control group indicate that medical treatment 
given in each group significantly reduce inflammation in 
induced oesophagitis models. When treatment groups were 
compared with each other; it was determined that levels of 
all inflammatory parameters that were examined in TQ and 
PRP groups were statistically significantly lower compared 
to those of the zeolite group; this indicates that the intense 
inflammatory response, which is the major pathogenesis in 
oesophagitis, is suppressed by medical treatment, particularly 
by use of TQ and PRP, and these substances contribute to 

treatment positively. 
We considered, especially, the effects of substances that were 

used in our study on inflammatory cell infiltration and collagen 
deposition. Lower inflammatory scores, which were calculated 
with neutrophilic and eosinophilic infiltration in the involved 
oesophageal segment, especially in PRP and TQ groups, support 
the fact that anti-inflammatory properties of these substances 
influence recovery positively. 

In a study conducted by Çevik et al., [24] with hyaluronic 
acid, they revealed the relationship of corrosive oesophageal 
burns with increased reactive oxygen radicals, free radicals, 
and reduced antioxidant capacity. Reactive oxygen radicals and 
free radicals are known to cause many pathological disorders 
[18,25,26]. Therefore, removal of these free radicals from the 
environment plays an important role in recovery [27]. 

In a previously conducted study, the antioxidant and anti-
inflammatory properties of TQ, which is one of the substances 
used in our study, were revealed [28,29]. It was revealed in 
various studies that PRP, which is another substance used 
in our study, reduces oxidative injury and has antioxidant 
properties [30].

In our study, we observed that PRP and TQ groups have 
positive outcomes on corrosive oesophagitis both biochemically 
and histopathologically. We believe that this outcome results 
from both the anti-inflammatory properties and antioxidant 
properties of these substances.

In conclusion, TQ , PRP, and zeolite exhibited positive effects 
on recovery in oesophagitis by reducing inflammation in the 
involved segment. When the groups were examined against 
each other, it was determined that this effect was highest bet
ween TQ and PRP groups. 
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