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ABSTRACT 

Purpose: Pomegranate seed oil (PSO) contains antioxidant and anti-inflammatory phenolic compounds such 

as punicalagin. We aimed to determine the protective effects of PSO on lipopolysaccharide-induced uveitis in 

rats. 

Method: 50 Wistar Albino rats were randomly divided into five groups. Each group had two subgroups: the 

3rd and 24th hour (n=5). Group healthy received intraperitoneal normal saline, group uveitis received 

subcutaneous 200 μg/kg lipopolysaccharide (LPS), group dexamethasone received 200μg/kg LPS plus 1mg/kg 

dexamethasone intraperitoneal, group PSO 0.5 received 200μg/kg LPS plus 0.5 mg/kg PSO, and Group PSO 

1 received 200μg/kg LPS plus 1 mg/kg PSO. Each group had two subgroups: the 3rd and 24th hour. At the 

end of the experiment, eye tissues were removed for biochemically (Glutathione, Superoxide dismutase and 

Malondialdehyde levels) and histopathologically (staining with Harris Hematoxylin and Eosin Y) 

investigation. 

Results: PSO administration significantly ameliorated modifications in uveitis-induced oxidative stress 

factors. PSO administration eliminated histopathological changes in the eye tissues, including inflammatory 

findings, in comparison to the uveitis group. However, all these results were not as strong as those of the 

healthy group. 

Conclusion: Future studies may be conducted with different doses of pomegranate seed oil to determine its 

protective effects against uveitis. Perhaps, PSO, with its antioxidant and anti-inflammatory effects, in addition 

to its natural content, may play an important role in the production of natural preventive drugs for uveitis. 
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ÖZET 

Amaç: Nar çekirdeği yağı (NÇY), punikalagin gibi antioksidan ve antiinflamatuar özelliklere sahip fenolik 

bileşikler içerir. Bu çalışmada deneysel lipopolisakkarit (LPS) kaynaklı üveit modelinde NÇY’nin koruyucu 

etkilerini değerlendirmeyi amaçladık. 

Yöntem: 50 Wistar Albino sıçan rastgele beş gruba ayrıldı. Her grup 3. ve 24. saat olmak üzere iki alt gruba 

ayrıldı (n=5). Sağlıklı grup intraperitoneal normal salin, üveit grubu subkutan 200 μg/kg LPS, dexamethasone 

grubu 200μg/kg LPS ile birlikte intraperitoneal 1mg/kg deksametazon, NÇY 0.5 grubu 200μg/kg LPS ile 

birlikte 0,5 mg/kg NÇY ve NÇY 1 grubu 200μg/kg LPS ile birlikte 1 mg/kg NÇY aldı.. Deneyin sonunda göz 

dokuları toplandı ve biyokimyasal (Glutatyon, Süperoksit distmütaz ve Malondialdehit seviyeleri) ve 

histopatolojik (Harris Hematoksilen ve Eosin Y ile boyama) olarak incelendi. 

Bulgular: NÇY uygulaması, üveitin sebep olduğu oksidatif stres faktörlerindeki değişiklikleri önemli ölçüde 

iyileştirdi. NÇY uygulaması üveit grubuna kıyasla göz dokularında inflamasyon bulguları dahil olmak üzere 

histopatolojik değişiklikleri ortadan kaldırdı. Ancak, tüm bu sonuçlar sağlıklı grubunki kadar güçlü değildi. 

Sonuç: Üveite karşı koruyucu etkilerini belirlemek için gelecekte nar çekirdeği yağının farklı dozları ile 

çalışmalar yapılabilir. Belki de NÇY, doğal içeriğinin yanısıra antioksidan ve antienflamatuar etkileri ile üveit 

için doğal koruyucu ilaçların üretilmesinde önemli bir rol oynayabilir. 
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INTRODUCTION 
Uveitis, the most common form of intraocular inflammation (Seve et al., 2017), is characterized as 

inflammation of the eye's vascular uveal tract (Jabs et al., 2005). Uveitis is prevalent in worldwide and 

can result in total blindness (Smith et al., 2009). Uveitis is believed to be a result of infections, 

autoimmune disorders, toxins, and a variety of other unidentified variables, but the etiologic and 

pathological mechanism of uveitis is still exactly not illuminated (Yadav and Ramana, 2019). However, 

multiple inflammatory genes' expression patterns change, and intracellular signaling cascades are 

activated due to significantly increased levels of cytokines and chemokines in ocular tissues (Curnow 

and Murray, 2006; Kim and Moudgil, 2008; Sijssens et al., 2008). Moreover, oxidative stress 

mechanisms are considered to play an important role in uveitis (Turk et al., 2014)   Corticosteroids and 

immunosuppressive drugs are among the standard treatment strategies, but they cause unwanted side 

effects in long-term use (Imrie and Dick, 2007; Jaffe et al., 2016; Sen et al., 2014). For these reasons, it 

is necessary to investigate new and effective agents to prevent the occurrence of uveitis. 

Lipopolysaccharide-induced uveitis (LIU), an acute model of inflammation and oxidative stress 

(Smith et al., 1998), is induced by the injection of the Lipopolysaccharide (LPS) of a Gram-negative 

bacterial cell wall (Shoeb et al., 2018). The existence of studies showing that increased expression of 

cytokines such as TNF-α is concurrent with maximum LIU (Devos et al., 1994; Planck et al., 1994) 

suggests that cytokine levels can be used as markers to monitor inflammation and the course of the 

disease, and to elucidate the insoluble mechanism of LIU (Zhang et al., 2017). 

Pomegranate is part of the Punicaceae family and the Punica genus (Da Silva et al., 2013). 

Pomegranate originating in the Middle East has been traditionally used as a medicinal fruit (Adams et 

al., 2006). Pomegranate consists of the edible part 78% juice and 22% seed (Seeram et al., 2005). 

Pomegranate seeds account for approximately 3% of the total weight of the fruit and contain 

approximately 12-20% seed oil (Lansky and Newman, 2007). Pomegranate seed oil (PSO) is rich in 

phenolic compounds including punicalagins and punicic acid and significant fatty acids, including elagic 

acid, gallic acid and linoleic acid (Gil et al., 2000; Xu et al., 2005). The high amount of punicic acid and 

punicalagins in PSO ensures many useful biological impacts, including antioxidant anti-inflammatory, 

anticancer, anti-apoptotic, and so on (Aviram and Rosenblat, 2012; Viladomiu et al., 2013).  Also, there 

are several studies showing that PSO has high levels of strong anti-inflammatory (Boussetta et al., 2009; 

Harzallah et al., 2016) and antioxidants properties (Kaseke et al., 2020; Shrivas et al.,  2023). However, 

there is no study in the literature about PSO and protective effects on uveitis. 

Based on all this information, in this study, we aim to investigate the protective effects of PSO 

on LIU in rats with biochemical and histopathological methods. 

 
MATERIALS AND METHODS 

Animals 

For this study, 50 female Wistar Albino rats (4-6 months / 300-330gr) were provided by the Atatürk 

University Medical Experimental Research Center. Animals weighing 300 to 330 g were randomly 

divided into 5 groups. The experiments were performed under normal temperature conditions (22 °C) 

and according to international guidelines for animal experiments. This study and all its protocols were 

approved by Atatürk University Animal Experiments Local Ethics Committee on 28.02.2020 with 

document number 75296309-050.01.04-E.2000069533. The rats were placed in plastic cages with 

sawdust bedding as standard. During the experiment, the animals were kept under controlled light 

conditions (12 h light/dark cycle) with air-conditioning. Standard rat chow and tap water were provided 

ad libitum.  

 

Chemicals 

LPS (E. coli O111:B4), which is derived from the cell wall of most Gram-negative bacteria, was 

purchased from Sigma-Aldrich, USA. Thiopental sodium was purchased from Ibrahim Ethem 

ULAGAY AS (Istanbul, Turkey) and all other chemicals for the laboratory experiments were purchased 

from Sigma and Merck (Germany). 

Preparation of pomegranate seed oil extract 
Plant essential oils were extracted using a Clevenger (Wisd-Wise Therm) device and water vapor 

distillation. The fruits were dried for this purpose, after which the seeds were separated. A total of 166 

g of the plant were crushed in the shredder. 1600 ml of distilled water was added to the sample in a glass 
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balloon before it was put in a Clevenger apparatus and put to use. It was permitted to stand for three 

hours after the evaporation began. The hydrosol that had accumulated in the Clevengerin collection tube 

was taken during this time and placed in a clean, separate bottle. The remaining volatile oil was kept in 

the dark bottles and refrigerated at +4 °C until it was used in the experiment after the last hydrosol was 

collected in the collection tube. 

 

Experimental Design 

Fifty rats were randomly split into five groups. Each group had two subgroups: the 3rd and 24th hour 

(n=5). 

 
Table 1. Group Names and Experimental Design to Investigate Effects of Pomegranate Seed Oil on 

Lipopolysaccharide-Induced Uveitis in Rats 

Group Group Code 

(n=5 for each) 

Administration Time to end the experiment 

1 Healthy-3rd h Only intraperitoneally normal saline  3 h after LPS administration 

2 Uveit-3rd h 200 μg/kg LPS  

3 DEX-3rd h 200 μg/kg LPS+1 mg/kg DEX 

4 PSO 0.5-3rd h 200 μg/kg LPS+0.5mg/kg PSO  

5 PSO 1-3rd h 200 μg/kg LPS+1mg/kg PSO 

6 Healthy-24th h Only ip normal saline 

7 Uveit-24th h 200 μg/kg LPS  24 h after LPS administration 

8 DEX-24th h 200 μg/kg LPS+1 mg/kg DEX 

9 PSO 0.5-24th h 200 μg/kg LPS+0.5 mg/kg PSO  

10 PSO 1-24th h 200 μg/kg LPS+1 mg/kg PSO 
Dex: Dexamethasone, LPS: Lipopolysaccharide, PSO: Pomegranate seed oil 
 

Lipopolysaccharide - induced uveitis and treatments 

LIU model was established by a single subcutaneous (sc) injection of 200 µg/kg LPS (Keles et al., 2014; 

Yadav et al., 2009). 1 mg/kg Dexamethasone (DEX) was administered intraperitoneally half an hour 

before the LPS injection, simultaneously as the LPS injection, and 30 min after the LPS injection (Keles 

et al., 2014). Two different PSO doses (0.5mg/kg and 1 mg/kg) (Bachagol et al., 2018; Yayla et al., 

2018) were each administrated to its respective group orally for 7 days before LPS injection. The 

maximum inflammatory response in the LIU model is achieved 24th h after the LPS injection (Chang et 

al., 2008; Rosenbaum et al., 1980). The eye tissues were collected at two time points, 3 and 24 h after 

LPS injection. Eye tissues stored at -80 °C for biochemical analysis and in a 10% formalin solution for 

histopathological analysis (Keles et al., 2014). 

 

Biochemical Analysis 

100 mg of all specimens reserved for biochemical investigations was treated with 1 ml of PBS, ground 

in liquid nitrogen with a Tissue Lyser II (Qiagen), and centrifuged. After the grinding process, all eye 

samples were centrifuged at the relevant speed according to the measurement protocol in the kits and 

the supernatant portions were taken. Supernatant portion of each tissue was studied in 3 replicates and 

the level of oxidant-antioxidant parameters were determined by Elisa-Plate Reader Bio Tek EL x 800 

and Elisa-plate washer Bio Tek EL x 508 according to kit protocols. Glutathione (GSH), superoxide 

dismutase (SOD) and malondialdehyde (MDA) levels were measured manually and expressed as 

nmol/mg protein for GSH, U/mg protein for SOD and MDA similar to the previous studies (Ugan and 

Un, 2020). The Lowry method was used to manually calculate total protein amounts (Lowry et al., 1951). 

Each sample's mean absorbances and the standard curve were computed. All data was presented as 

mean±standard deviation (SD) for each mg of protein. 

 

Histopathological Analysis 

Pretreatment procedures such as solution preparation, tissue tracking, section preparation, and staining 

were carried out in accordance with our previous research (Palabiyik et al., 2016; Tatar et al., 2016).  

 Hematoxylin and Eosin Staining Process: Staining with Hematoxylin and Eosin: After the 

staining pretreatment, three minutes were spent staining with Harris hematoxylin paint. At the end of 
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the painting process, right eye tissue samples were washed in running water to remove excess paint for 

5 minutes. Right eye tissue samples were kept in Eosin Y solution for 2 minutes for counter staining.  

For counterstaining, right eye tissue samples were immersed in Eosin Y solution for 2 minutes.  

Following five minutes in 96% alcohol to remove excess paint, the slides were immersed in 3% alcohol 

and three series of xylene for two minutes each. Entellan bonding balm was then used to cover tissue 

surfaces with lamella. Light microscope was used to examine stromal lamellar detachments, edema and 

dilatation areas, polymorphonuclear leukocyte aggregations and infiltrations in eye tissues for 

histopathological examinations. At least 5 areas in each tissue slide were evaluated at 100 enlargement. 

 

Statistical Analysis 

Data are expressed as means∓standard deviation (SD). The findings obtained were evaluated 

statistically using the APSV 19.00 package program. Statistical differences between groups were 

determined one-way analysis of variance test (ANOVA). p<0.05 was accepted as statistically 

significant. 

 

RESULTS 
Biochemical Results 

In the present study, in order to evaluate the effect of PSO in the LIU model in rats, the antioxidant (the 

levels of GSH and SOD) and oxidant (the levels of MDA) parameters among different doses of PSO 

were measured at the 3rd and 24th hours (Fig. 2-4). Groups of each watch were compared among 

themselves.  ‘‘ * ’’ was used to compare with uveit group. ‘‘+’’ was used to compare with healthy group.  

* : p<0,05 , ** : p<0,01 *** : p<0,001 , + : p<0,05 , ++ : p<0,01 , +++ : p<0,001 

As showed in Fig 1, there were significantly decreased GSH and SOD level (p<0,01) , whereas 

increased MDA level in the uveit model group with LPS alone applicated compared to the healthy group 

(p<0,001). These results show us that our model has been formed. On the other hand, the alteration in 

antioxidant and oxidant parameters stimulated by uveitis were fixed with application of PSO in a dose-

dependent manner. The application of PSO at dose 0.5 and 1 mg/kg were raised in GSH and SOD levels, 

and decreased in MDA level compared to the uveit model group with LPS alone applicated. However, 

it was seen that changes in GSH and SOD levels after application of PSO were not close to those of the 

healthy group (p>0,05), while MDA levels were similar to the healthy group (p<0,001). 

Figure 1. The biochemical results of the effects of PSO on LIU  

a. MDA levels (nmol/mg protein.); b. GSH levels (nmol/mg protein) * comparison with the uveitis group, +: comparison with the healthy 

group. Dex: Dexamethasone; GSH: Glutathione; LIU: Lipopolysaccharide-induced uveitis; MDA: Malondialdehyde; PSO: Pomegranate 
seed oil; SOD: Superoxide dismutase. 

 

Histopathology findings 

In this study,  right eye tissues of rats were stained with Hematoxylin and eosin staining by applying 

two different doses of PSO in order to evaluate the effect of PSO in the LIU model in rats and were 

investigated histopathological findings of corneal stromal lamella separation, edema, 

polymorphonuclear leukocyte aggregation and infiltration. 

https://onlinelibrary.wiley.com/doi/full/10.1002/ptr.6510#ptr6510-fig-0003
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In healthy group, normal appearing iris structure were observed. There was no sign of 

inflammation or edema in the connective tissue (Fig 1-A). When the cornea was examined, neatly 

ordered and tightly packed collagen fibril lamellae were observed in the stroma layer (Fig 1-B). Any 

pathological findings was not found in the histopathological appearance of this group. 

In the uveit model group with LPS alone applicated, significant dilatations in vascular structures 

within the connective tissue, polymorphonuclear leukocytes (PMNL) aggregations in the vessel, and 

lymphocyte and PMNL infiltrations entering into the tissue were observed in the iris (Fig 1-C). The 

structures of the collagen fibril lamellae in the stroma showed advanced separations when the cornea 

was examined (Fig 1-D). 

In the Dex group, in the iris, small vascular dilatations and PMNL aggregation were seen. (Fig 

1-E). Also, when the cornea was examined, in the stroma, separations between collagen fibril lamellae 

were rarely seen. This group's histopathological appearance was comparable to that of the groups that 

were healthy (Fig 1-F). 

In the PSO-0.5 group, while vascular dilatations and PMNL aggregation in the vessel were 

observed in the iris, these findings were less than in the uveit group (Fig 1-G). Separations in the 

collagen fibril lamellae structures in the stroma were also seen when the cornea was examined, though 

they were less obvious and less certain than in the uveit group (Fig 1-H). In the PSO-1 group, while 

vascular dilatations and PMNL aggregation in the vessel were observed in the iris (Fig 1-I). In the 

corneal stroma, separations were observed in the collagen fibril lamellae structures (Fig 1-J). 

 
Figure 2. Pathologic changes: Hematoxylin-eosin staining findings of the effects of PSO in eye tissue on LIU Dex: Dexamethasone; LIU: 

Lipopolysaccharide-induced uveitis; PSO: Pomegranate seed oil; (Star: Stromal lamellae separations, Arrow heads: Dilatation and 

polymorphonuclear leukocytes) 

 

DISCUSSION 
Uveitis that usually causes destructive effects on ocular tissues and visual functions is a complex disease 

(Dunn, 2015). Due to its complex etiology and multiple disease recurrences, uveitis also causes many 

ocular comorbidities including cataracts, cystoid macular edema and glaucomatous optic neuropathy 

(Dick et al., 2016; Patel et al., 2016).  The main purpose in the treatment of uveitis is to control 

inflammation and preserve the visual function of the eye. Preserving the visual function of the eye and 

controlling inflammation are the main treatment strategies for uveitis (Durrani et al., 2004; Yanai et al., 

2014). Pomegranate seed oil (PSO) has a wide range of applications, including as a food ingredient, 

lubricant, fuel, and additive for paint formulations. Nevertheless, it is frequently regarded as a waste 
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product. Because of their high concentration of hydrophilic and lipophilic bioactive components, they 

have a wide range of nutritional, pharmaceutical, and cosmetic applications, seed oils in general have 

attracted growing interest in recent years (Straccia et al., 2012). Researchers are interested in natural 

products as a potential source of medicinal compounds because of their popularity, ease of use, low risk 

of side effects, and safety (Boroushaki et al., 2016). With this information in mind, the effects of PSO 

in the LIU model were evaluated biochemically and histopathologically.  

Oxidative stress is a factor in the development of uveitis complications (Yadav et al., 2011). 

Previous studies demonstrate that oxidative stress, one of the indicators that is crucial in the uveitis 

pathogenesis, rises in the LIU model (Satici et al., 2003). Therefore, modifications in oxidative stress 

indicators are crucial for inflammatory eye conditions and for the ongoing monitoring of the illness. 

GSH plays a critical role in the endogenous defense system against oxygen free radicals. SOD is an 

essential antioxidant enzyme and an oxygen free radical scavenger in the body, and MDA is a crucial 

product of lipid peroxidation (Aboutaleb et al., 2019). Based on this knowledge, the effects of PSO in 

LIU model were investigated oxidative stress parameters including GSH, SOD and MDA. The current 

findings showed that the uveitis group's MDA level increased while GSH and SOD levels decreased. 

Previous studies have shown that after uveitis, GSH (Zhang et al., 2013) and SOD (Chesnokova et al., 

2014) level is decreased and MDA level is increased (Turk et al., 2014) in uveitis. Merida et al. 

demonstrated that markers of oxidative stress significantly changed in a rat model of LIU (Merida et al., 

2018). In fact, in our previous studies, we showed that oxidant parameters increased and antioxidant 

parameters decreased due to uveite (Yuksel et al., 2023). Although not as effective a corrected as that 

of the healthy group, GSH and SOD levels important raised in the uveitis plus PSO groups. More 

importantly, in the uveitis plus PSO groups, MDA levels important decreased. The final byproduct of 

membrane proteins degrading under oxidative stress is MDA. MDA has been used as a gold standard in 

experimental studies as an indicator of oxidative damage. Yayla et al. demonstrated that PSO improves 

oxidative stress markers including GSH and MDA in rats with ovarian ischemia/reperfusion injury 

(Yayla et al., 2018). Białek et al. reported that PSO modulated MDA levels in the cardio-oncological rat 

model research (Bialek et al., 2021). Furthermore, earlier research showed that taking PSO significantly 

reduced oxidative stress (Hosseini et al., 2022; Shaban et al., 2022). Consistent with other findings 

reported in the literature, our result suggests that PSO treatment reduces oxidant parameter generation 

while increasing anti-oxidant parameter generation. These PSO effects appeared to be linked to 

oxidative stress inhibition and, to a lesser extent, inflammatory responses. 

Uveitis has been linked to serious histological changes in the eye tissue. Previous research found 

that uveitis caused histopathological damage to the eye tissue, including the cornea (Shi et al., 2019), 

iris (Lu et al., 2022). The eye tissues of rats after LPS and PSO treatment were examined 

histopathologically in the current study to determine the potential medicinal importance of PSO in 

uveitis. The uveitis group's eye tissues had widespread histopathological injury areas. Although not as 

effective a corrected as that of the healthy group, PSO administration fixed histopathological injury 

resulting from LIU in eye tissues. 
 

CONCLUSION 
PSO with its antioxidant and anti-inflammatory effects, in addition to its natural content, may play an 

important role in the production of natural preventive drugs for uveitis. However, 0.5mg/kg and 1mg/kg 

doses of PSO did not have a protective effect against LIU in the rats. Future studies may be conducted 

with different doses of pomegranate seed oil to determine its protective effects against uveitis. 
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