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Purpose: Investigating the effects of intraperitoneal carvacrol administration in rats using the 
oxygen‑induced retinopathy (OIR) model. Methods: A total of 28 newborn Sprague Dawley rats were used 
and the OIR model was created using the 50/10% oxygen model. The study composed of four groups in 
total. While the OIR model was not used in Group I (control group), it was created for Groups II, III, and IV. 
About 0.01 mL carvacrol, bevacizumab, or 0.9% NaCl was administered intraperitoneal (IP) to the rats in all 
groups on postnatal day (PND) 14 as follows: Group I and Group II were administered 0.9% NaCl, Group III 
was administered bevacizumab, and Group IV was administered carvacrol. On PND 18, rats were sacrificed 
and their right eyes were enucleated. Results: Histopathological and immunohistochemical studies showed 
that the number of vascular endothelial cells (VECs), vascular endothelial growth factor (VEGF), and tumor 
necrosis factor‑α (TNF‑α) decreased similarly in Group III and Group IV compared with Group II. VECs 
values for Group I, Group II, Group III, and Group IV were measured as 0 ± 0, 26.45 ± 4.57, 7.75 ± 1.98, and 
5.78 ± 1.72, respectively, and it differed significantly between groups (P < 0.001). Likewise, VEGF levels were 
observed as 0.06 ± 0.01, 3.31 ± 0.53, 2.47 ± 0.44, and 2.49 ± 0.52, respectively, and it differed significantly 
between groups (P < 0.001). TNF‑α levels were recorded as 0.06 ± 0.01, 3.58 ± 0.38, 2.46 ± 0.49, and 2.29 ± 0.25, 
respectively, and it differed significantly between groups (P < 0.001). VECs, VEGF, and TNF‑α were similar 
between Group III and IV (range of P values were 0.486–0.998). Conclusion: The study demonstrated that 
carvacrol significantly reduced retinal pathological angiogenesis, NV, VEC nuclei count, VEGF, and TNF‑α 
levels. Moreover, the observed effects were comparable to those of bevacizumab.
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Oxygen‑induced retinopathy (OIR) is an effective model used 
to investigate and evaluate ischemia‑associated pathological 
retinal neovascularization (NV). The OIR model simulates the 
pathological features of retinopathy of prematurity (ROP) with 
a coherent and reproducible angiogenic response. Therefore, 
this method has become an important way to investigate the 
mechanisms of proliferative vascular diseases and to develop 
potential therapies for these diseases.[1] Retinal NV, induced 
by ischemia and hypoxia, is an important pathological 
process in many vision‑threatening diseases, including 
diabetic retinopathy  (DRP), ROP, age‑related macular 
degeneration (AMD), and retinal vein occlusion (RVO).[2‑4] In 
addition, these proliferative vascular illnesses might cause 
irreversible damage to the patients’ visual acuity.[5]

Vascular endothelial cells (VECs) have important roles in 
the process of angiogenesis. They activate the transcription of 
multiple genes during hypoxia as well as stimulate the release 
of growth factors, for instance, vascular endothelial growth 
factor (VEGF) and tumor necrosis factor‑α  (TNF‑α).[6] VEGF 
is a very important component in retinal NV development.[7,8] 
Similarly, TNF‑α is a very strong angiogenic factor that is central 
to the arrangement of many genes, such as those encoding 
angiogenic mediators and adhesion molecules.[9]

Bevacizumab  (Avastin®), is a complete humanized murine 
monoclonal antibody that binds against all isoforms of VEGF, 
an angiogenic cytokine that promotes vascular leakage 
and  growth.[10,11] As an off‑label agent, bevacizumab is useful in 
the treatment of retinal disease with many intraocular vascular 
proliferation, including DRP, ROP, AMD, and RVO.[12‑14] On 
the other hand, carvacrol, which is a monoterpene with a 
phenolic structure, has many biological properties, such as 
antiangiogenic, anti‑inflammatory, and antioxidant actions. Due 
to its wide range of therapeutic effects, it has been largely used in 
traditional medicine.[15,16] In the existing literature, its therapeutic 
effects were reported in various diseases, for instance, diabetes 
mellitus, wound healing, colitis, lung, and kidney injury.[17‑20] 
In such diseases, its effects were attributed to the mechanism 
of reducing VEGF, VEC, and TNF‑α, suppressing NV and 
reversing inflammatory mechanisms. Besides VEGF carvacrol 
additionally suppresses inducible nitric oxide synthase (iNOS), 
cyclooxygenase  (COX)‑2, andnuclear factor‑kB  (NF‑kB).[21] 
Moreover, carvacrol suppresses the fibrotic process by inhibiting 
transforming growth factor (TGF)‑β, Yesassociated protein (YAP), 
and transcriptional coactivator with  PDZ‑binding motif (TAZ).[22]
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Antiangiogenic, anti‑inflammatory, and antioxidant effects 
of carvacrol have been extensively studied in many tissues and 
organs. However, less is known about the effects of carvacrol 
in retinal NV diseases. Therefore, in the present study, the 
efficacy of intraperitoneal (IP) bevacizumab and IPcarvacrol 
on retinal VEGF, TNF‑α, and VECs were compared using an 
experimental OIR model in rats.

Methods
The current study was conducted following the approval of study 
protocols by the Experimental Animal Studies Ethics Committee 
of Abant Izzet Baysal University (no: 2018/41). The study was 
conducted according to the guidelines of the Association for 
Research in Vision and Ophthalmology (ARVO) Statement for 
Use of Animals in Ophthalmic and Vision Research.

Establishing the OIR Model
A total of 28 (70–120 g) Sprague Dawley newborn rats were 
used. All animals were maintained in a controlled environment 
with 22–24°C, 45–60% humidity, and a 12‑h light: dark cycle. 
Food and water were provided ad libitum. To establish the 
50/10 OIR model, 4 h following the birth, the pups were placed 
with their mothers in an oxygen‑adjusted environment, in 
which the animals were encountered with 50% oxygen at first 
24 h and then 10% oxygen for the following 24 h.[23] This cycle 
was repeated until postnatal day (PND) 14. The oxygen values 
of the environment were routinely followed each day and 
recalibrated if necessary. Moreover, carbon dioxide values of 
the environment were routinely followed each day, and carbon 
dioxide was eliminated from the environment by providing 
adequate gas‑flow and adding soda lime. The animals were 
placed into the normal room air for 4 days after PND 14.

Four different groups, each consisting of seven pups were 
formed. In all groups, single IP injections were performed on 
PND 14.

Group I: The OIR model was not established. Animals 
were IP administered vehicle solution (0.01 mL 0.9% sodium 
chloride; control group).

Group II: The OIR model was established and the animals 
were IP administered 0.01 mL 0.9% sodium chloride (untreated 
OIR group).

Group III: The OIR model was created and the animals were 
IP administered 0.01 mL (2.5 mg/kg) bevacizumab (Altuzan, 
100 mg/4 mL flacon, Roche, Switzerland).[24]

Group IV: OIR model was created and the animals were IP 
administered 0.01 mL  (73 mg/kg) carvacrol  (Sigma‑Aldrich, 
St.Louis, USA).[25]

On PND 18, when OIR development is considered the most 
pronounced,[26] all animals were sacrificed by the intracardiac 
high‑dose anesthesia. The right eyes of the rats were taken 
through enucleation, with a sufficient amount of optic nerve 
obtained.[26] Tissues were placed in fixation solutions for further 
histopathological and immunohistochemical examinations.

Hematoxylin and Eosin (H&E) Staining
The eyes were fixed in a 10% neutral buffered formalin in 
phosphate‑buffered saline (PBS) overnight at 4°C for 24 h and 
embedded in paraffin. The serial sections (4 µm thick) of the 
whole eye were cut sagittally, which runs parallel to the optic 
nerve, and then stained with H and E. The nuclei of retinal VECs 
on the vitreal side of the retinal inner limiting membrane (ILM) 
was counted in ten sections of each eye at × 400 magnification 
by an independent observer blind to treatment, and the mean 

number of the endothelial cell nuclei of each eye was calculated 
for each group [Fig. 1].

Immunohistochemistry
Mouse and Rabbi t  Speci f ic  HRP Plus  Detect ion 
Kit (ab93697; Abcam, Cambridge, UK) was used to perform 
immunohistochemistry. Paraffin‑embedded tissues were 
cut into 4 µm thick sections and deparaffinized in xylene. 
Then, the tissue samples were hydrated in graded ethanol. 
As antigen retrieval, tissues were treated with citrate buffer 
for 3–5 min at 600 W in a microwave oven. Further, 3% H2O2 
in methanol was used to block endogenous peroxidases for 
15 min. To eliminate nonspecific binding, tissue samples 
were pretreated with blocking serum  (Histostatin plus 
kit broad‑spectrum; Invitrogen, California, USA). Later, 
the sections were incubated overnight with the following 
antibodies: anti‑TNF alpha polyclonal antibody (1:250 dilution; 
ab183896; Abcam) and anti‑VEGF monoclonal antibody 
(1:50 dilution; sc‑7269; Santa, Santa Cruz, CA, USA) at 4°C. 
Subsequently, appropriate nonimmune immunoglobulin G 
was replaced with the primary antibody for negative control 
incubations. The sections were treated with the biotinylated 
secondary antibodies  (Mouse and Rabbit Specific HRP 
Plus [ABC] Detection IHC kit [ab93697]) for 20 min at room 
temperature. The peroxide complex was visualized using 
3,3‑diaminobenzidine (DAB kit 88‑2014, Invitrogen, California, 
USA). Then, Mayer’s hematoxylin (Invitrogen, California, USA) 
was used to counterstain the tissue sections and they were 
mounted with Entellan (Merck, Darmstadt, Germany) on glass 
slides. The images were observed with a light microscope (Leica 
DM 1000, Germany) and the tissue section was photographed 
with Leica DMC 2900 (CH‑9435 Heerbrugg, Germany). Each 
section was graded by two independent observers blind to 
treatment using the following scale: no expression (0), weak (1), 
moderate (2), strong (3), and very strong expression (4). The 
percentage of positive cells was defined as (0), <5%; (1), 6% to 
15%; (2), 16% to 50%; (3), 51% to 80%; and (4), >80% positive 
cells.[27] This analysis was performed on three retinal sections 
of each rat and the mean value was determined.

Statistical analyses
The data analyses were performed using the Statistical Package 
for the Social Sciences  (SPSS) statistical software package, 
version  25.0  (SPSS Inc., Chicago, IL, USA). The data were 
presented as mean ± standard deviations (SDs) for each data set. 
Statistical significance was considered as P < 0.05. The statistical 
analyses of the data were performed using one‑way analysis of 
variance test and post hoc analyses following the confirmation 
of homogeneity and normality of the sample distribution.

Results
H&E staining and quantitative analysis of VECs
H&E staining on the retina in all groups is shown in Fig. 1. In 
Group II (untreated OIR Group), large amounts of abnormal 
microvessels in transverse and longitudinal lengths were 
recorded breaching ILM. The amount of NV was determined 
by counting the nuclei of the VECs [Table 1]. The number of 
VECs and vascular clusters that breached the ILM decreased 
while healing of the dilated vessels was observed in the 
groups treated with bevacizumab  (Group III) and carvacrol 
(Group IV). VECs nuclei were not recognized on the vitreal 
side of the ILM in Group I (control group; Fig. 1). Althoughthe 
numbers of retinal VECs nucleus were higher in Group II, 
it was significantly decreased in Group III and Group IV 
(P < 0.001) [Fig. 1]. However, the number of VECs nuclei were 
similar between Group III and Group IV (P = 0.486) [Table 2].
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Expressions of TNF‑α and VEGF
The expression levels of VEGF and TNF‑α in control and 
OIR groups were examined through immunohistochemistry 
[Table 1]. Positive staining of VEGF and TNF‑α in the retinas of 
the OIR rats was quite remarkable in Group II [Figs. 2 and 3]. 
The staining intensity of VEGF and TNF‑α was significantly 
reduced in Group III and Group IV compared to Group II 
(P values for VEGF were 0.004 and 0.006, respectively, and 
P  values for TNF‑α were  <0.001) [Figs.  2 and 3]. The 
results demonstrated that carvacrol treatment reverses 
oxygen‑dependent VEGF and TNF‑α elevation.

In post hoc test results, VECs, VEGF, and TNF‑α values 
of Group II were significantly higher than Group I  (P < 0.001 
for each), Group III  (P  <  0.001, P  =  0.004, and P  <  0.001, 
respectively) and Group IV (P < 0.001, P = 0.006, and P < 0.001, 
respectively) [Table 2]. When Group I and Group III are compared, 
there was a significant decrease in VECs nucleus number, VEGF, 
and TNF‑α values (P < 0.001 for each). When comparing Group I 
and Group IV, VECs nucleus number, VEGF, and TNF‑α values 
were significantly decreased (P = 0.003, P < 0.001, and P < 0.001, 
respectively) [Table 2]. Although the agents used in Group III 
and IV provided an improvement in the parameters observed 
compared to Group II, it was not sufficient enough to bring 
them to the levels observed in Group I. However, unlike other 
findings, when Group III and Group IV were compared, VECs 
nucleus number, VEGF, and TNF‑α values were similar to each 
other (P = 0.486, P = 0.998 and P = 0.772, respectively) [Table 2].

Discussion
The results of the present study suggest that carvacrol 
administration significantly reduced retinal VECs, VEGF, and 
TNF‑α, and reversed the process by suppressing the pathological 
NV developments. The observed effects were comparable to that 
of bevacizumab. To our knowledge, the current study is the first 
to investigate the effect of carvacrol on retinal NV.

Carvacrol, a component of thyme oil, is considered a new 
antitumor agent that could play a positive role in the treatment 
of various cancers, for example, lung, colon, and oral squamous 
cell cancers.[28‑30] Moreover, many studies in the literature have 
reported the treatment of various diseases with carvacrol, 
including diabetes mellitus, liver toxicity, wound healing, and 
rheumatological diseases as well as damages in the lung, kidney, 
and intestine.[17‑20,31,32] These studies reported the antiangiogenic, 
anti‑inflammatory, and antioxidant effects of carvacrol.

TNF‑α is a very powerful angiogenic agent and is also one 
of the most important inflammation markers.[9] Guimaraes et al. 
demonstrated that carvacrol decreased TNF‑α concentrations 
in pleural lavage fluid in a mouse pleurisy model.[33] It has 
been previously shown that carvacrol significantly suppressed 
the inflammatory cytokines, especially TNF‑α, in diabetic 
and hepatotoxicity rat models.[21,34] Studies have shown 

that carvacrol regulates the balance between pro and 
anti‑inflammatory mediators, reduces lung toxicity, and 
suppresses the inflammatory response in patients with 
rheumatoid arthritis.[32,35,36] In the present study, it was observed 
that carvacrol significantly reduced the TNF‑α level, and 
decreased inflammation and NV in the retina.

Carvacrol has been shown to suppress pathological NV by 
reducing VEGF in both cancer cells and VECs.[15] Likewise, 
Zeytun et al. found that carvacrol accelerates wound healing 
and suppresses VEGF in the esophageal burn model in rats.[37] 
In veterans, who were previously exposed to sulfur mustard 
and were treated with carvacrol, it was found that the serum 
levels of TNF‑α and VEGF were decreased.[18] In the present 
study with the OIR model, similar results were obtained and 
carvacrol was found to reduce retinal VECs and VEGF and 
significantly suppressed NV.

Ischemia and hypoxia in VECs in the retina increases VEGF 
production and causes retinal NV formation.[38] Strategies that 
modulate VEGF secretion in the retina have shown therapeutic 
efficacy.[38] In an OIR model study on mice, bevacizumab 
significantly suppressed VECs and VEGF.[39] It was shown in 
that study that treatment with bevacizumab decreased the 
number of blood vessel tufts and significantly changed the main 
vessel tortuosity. In mice with an ocular inflammation model, 
bevacizumab treatment reduced VEGF and TNF‑α levels.[40] 
In addition, significant improvements were achieved in the 
treatment of ROP with intravitreal bevacizumab administration.[14] 
In the current study, it was observed that carvacrol significantly 
reduced retinal angiogenesis, NV, VEC nuclei count, VEGF, and 
TNF‑α levels. Moreover, these results were comparable to that of 
bevacizumab, which is used in routine therapy.

Table 1: Quantitative analysis of VEC using hematoxylin and eosin and expression levels of VEGF and TNF‑α using 
immunohistochemical staining in rat OIR model

Group I Group II Group III Group IV P*

VECs nuclei 0 26.45±4.57 7.75±1.98 5.78±1.72 <0.001

VEGF 0.06±0.01 3.31±0.53 2.47±0.44 2.49±0.52 <0.001
TNF‑α 0.06±0.01 3.58±0.38 2.46±0.49 2.29±0.25 <0.001

*One‑way analysis of variance test. Group I: 0.01 mL IP vehicle solution (0.9% NaCl) was administered without establishing an OIR model (control group). Group 
II: 0.01 mL IP vehicle solution was administered following OIR development (untreated OIR group). Group III: 0.01 mL IP bevacizumab (2.5 mg/kg body weight) 
was administered following OIR development. Group IV: 0.01 mL IP carvacrol (73 mg/kg body weight) was administered following OIR development, TNF‑α: tumor 
necrosis factor‑α, VECs: vascular endothelial cells, VEGF: vascular endothelial growth factor

Table 2: Significance of multiple comparisons using post 
hoc test for the studied parameters

VECs nuclei (P*) VEGF (P*) TNF‑α (P*)

Group I ‑ Group II <0.001 <0.001 <0.001

Group I ‑ Group III <0.001 <0.001 <0.001

Group I ‑ Group IV 0.003 <0.001 <0.001

Group II ‑ Group III <0.001 0.004 <0.001

Group II ‑ Group IV <0.001 0.006 <0.001
Group III ‑ Group IV 0.486 0.998 0.772

*Post hoc Tukey test. Group I: 0.01 mL IP vehicle solution (0.9% NaCl) was 
administered without establishing an OIR model (control group). Group II: 
0.01 mL IP vehicle solution was administered following OIR development 
(untreated OIR group). Group III: 0.01 mL IP bevacizumab (2.5 mg/kg 
body weight) was administered following OIR development. Group IV: 0.01 
mL IP carvacrol (73 mg/kg body weight) was administered following OIR 
development, TNF‑α: tumor necrosis factor‑α, VECs: vascular endothelial 
cells, VEGF: vascular endothelial growth factor
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There were some limitations in the present study; injections 
were administered as an intraperitoneal single dose, the 
parameters examined were limited, and they were not 
supported by other advanced methods, such as Western blotting 
and real‑time polymerase chain reaction  (PCR). In addition, 
anti‑inflammatory cytokine levels  (like IL‑10) and levels of 
cytokines that promote the fibrotic process (like TGF‑β) in the 
rat OIR model were not evaluated to elucidate mechanisms of 
carvacrol action. Investigation of such cytokines can demonstrate 
the potential superiority of carvacrol over bevacizumab. 
Injections were administered intraperitoneally, as the effective 
dose of intravitreal carvacrol injection was unknown. Despite 
all these limitations, it was shown that the results obtained in 
retinal NV treatment were comparable to that of bevacizumab.

Conclusion
In summary, the results of the current study demonstrated that 
carvacrol could potentially inhibit the retinal NV formation 
in the retina as well as decreased OIR‑induced expression 
of VEGF and TNF‑α. These data emphasized the potential 
benefit of carvacrol in the OIR model. These findings suggested 
that carvacrol could be used as a suitable therapeutic agent 
for the treatment of ROP, DRP, AMD, and RVO. Further, 
immunohistochemical and functional studies are needed to 
determine the effective dose and toxic effects of carvacrol that 
was administered intraperitoneally or intravitreally, and to 
determine the effects of repetitive injections.
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Figure 3: Expressions of TNF‑α. (a) Control (Grade 0); (b) Untreated 
OIR (Grade 4); (c) OIR + intraperitoneal bevacizumab (Grade 2); and 
(d) OIR + intraperitoneal carvacrol (Grade 2). One way ANOVA test 
revealed retinal TNF‑α expression levels were higher in Group II, it 
was significantly decreased in Group III and Group IV  (P < 0.001). 
However, retinal TNF‑α expression levels were similar between Group 
III and Group IV (P = 0.772)

dc

ba

Figure 1: H and E staining of retinal tissues. (a) Control; (b) Untreated 
OIR; (c) OIR + intraperitoneal bevacizumab; and (d) OIR + intraperitoneal 
carvacrol. GCL: ganglion cell layer, ILM: inner limiting membrane, INL: inner 
nuclear layer, IPL: inner plexiform layer, OLM: outer limiting membrane, 
ONL: outer nuclear layer, OPL: outer plexiform layer, PL: photoreceptor 
layer, VB: vitreous body. One way ANOVA test revealed numbers of retinal 
VECs nucleus were higher in Group II, it was significantly decreased in 
Group III and Group IV (P < 0.001). However, the number of VECs nuclei 
were similar between Group III and Group IV (P = 0.486)

dc

ba

Figure 2: Expressions of VEGF. (a) Control (Grade 0); (b) Untreated 
OIR  (Grade 3); (c): OIR  +  intraperitoneal bevacizumab  (Grade 2); 
and (d) OIR + intraperitoneal carvacrol (Grade 2). GCL: ganglion cell 
layer, ILM: inner limiting membrane, INL: inner nuclear layer, IPL: inner 
plexiform layer, ONL: outer nuclear layer, OPL: outer plexiform layer. 
One way ANOVA test revealed retinal VEGF expression levels were 
higher in Group II, it was significantly decreased in Group III and Group 
IV (P < 0.001). However, retinal VEGF expression levels were similar 
between Group III and Group IV (P = 0.998)

dc

ba
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