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ABSTRACT

Objective
The aim was to examine the antiglycation effect of (Olive Leaf Extract) OLE in rats fed a diet 
rich in Advanced Glycation End Products (AGEs). 

Methods
Rats were divided into six groups: a group standard diet, a group standard diet + 500 mg/kg/
wk OLE, a group standard diet + 1000 mg/kg/wk OLE, a group H-AGEs diet, a group H-AGEs 
diet + 500 mg/kg/wk OLE and a group H-AGEs diet + 1000 mg/kg/wk OLE. 

Results
Following an 8-week intervention, serum AGE and receptor of AGE (RAGE)  amounts of rats 
in the High Advanced Glycation End Products (HAGE) group were higher than the control 
group (p<0.001). The serum AGE amount of rats in the HAGE group was significantly higher 
than those receiving 1000 mg/kg/wk OLE supplementation (p<0.001). 1000 mg/kg/wk OLE 
supplementation was effective on inflammatory markers in serum. Histopathological changes 
in the liver were reduced by OLE supplementation. However, it did not significantly affect liver 
Receptor Advanced Glycation End Products (RAGE) and nuclear factor kappa B (NF-ĸB) gene 
expressions. 

Conclusion
This research has revealed that OLE can be an essential phytotherapeutic agent in sustainable 
nutrition, as it is a plant waste and a potential antiglycation agent.
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RESUMO

Objetivo
O objetivo era examinar o efeito antiglicação do Extrato de Folha de Oliveira (EFO) em ratos alimentados com 
uma dieta rica em Advanced Glycation End Products (AGEs, Produtos Finais de Glicação Avançada).

Métodos
Os ratos foram divididos em seis grupos: um grupo dieta padrão, um grupo dieta padrão + 500 mg/kg/semana 
de EFO, um grupo dieta padrão + 1000 mg/kg/semana de EFO, um grupo dieta H-AGEs, um grupo dieta 
H-AGEs + 500 mg/kg/semana de EFO e um grupo dieta H-AGEs + 1000 mg/kg/semana de EFO.

Resultados
Após uma intervenção de 8 semanas, as quantidades séricas de AGE e receptor de AGE (RAGE) de ratos no 
grupo High Advanced Glycation End Products (HAGE, Níveis elevados de produtos finais de glicação avançada) 
foram maiores do que no grupo controle (p<0,001). A quantidade sérica de AGE de ratos no grupo HAGE foi 
significativamente maior do que aqueles que receberam suplementação de EFO de 1000 mg/kg/semana (p<0,001). 
A suplementação de EFO de 1000 mg/kg/semana foi eficaz em marcadores inflamatórios no soro. As alterações 
histopatológicas no fígado foram reduzidas pela suplementação de EFO. No entanto, não afetou significativamente 
as expressões gênicas de Receptor Advanced Glycation End Products (RAGE, receptores de produtos finais de 
glicação avançada) e fator nuclear kappa B (NF-ĸB) do fígado.

Conclusão
Esta pesquisa revelou que o EFO pode ser um agente fitoterápico essencial na nutrição sustentável, pois é um 
resíduo vegetal e um potencial agente antiglicação.

Palavras-chave: Produtos finais de glicação avançada. Expressão gênica. Glicação, İnflamação, Folha de oliveira.

I N T R O D U C T I O N

Advanced glycation end products (AGEs) are a group of heterogeneous compounds formed 
irreversibly by a non-enzymatic reaction between free amino groups and carboxyl groups [1]. In 
addition to being synthesized in the body, it is also found in foods through many cooking and 
processing methods, including frying, heating, and storage, and contributes to the body pool [2]. 
AGEs, which accumulate excessively in body tissues along with a diet rich in AGEs, form the basis 
for many inflammation-based chronic diseases [3-6]. In addition to inflammation, several health 
problems, such as oxidative stress [7], aging [8], cognitive disorders [9], and allergy development 
[10], have been directly or indirectly associated with AGEs.

Approximately 40 AGE compounds have been identified [11]. The most common of these in 
foods are carboxymethyl lysine, carboxyethyl lysine, and methylglyoxal (MG) [12]. However, more 
AGE compounds are anticipated to be detected in future studies. The AGE content in foods varies 
significantly depending on the type of food, heat treatment, and method applied [12,13]. Foods 
of animal origin and foods exposed to high heat or alkaline conditions during processing have 
exceptionally high AGEs [13].

After understanding the adverse effects of high AGEs in foods on health, methods that would 
have an antiglycation effect began to be investigated [14-16]. Some nutritional components, especially 
those with antioxidant and anti-inflammatory effects, could reduce non-enzymatic glycation. With 
many studies, evidence for the inhibition effect of phenolic compounds and some natural nutrients 
has increased [2,17-20]. It is emphasized that natural nutritional ingredients are especially preferable 
for several reasons, such as having a lower risk of complications compared to synthetic inhibitors and 
having additional antioxidant and antiinflammatory benefits [21]. The process of AGE formation 
is quite complex. Therefore, these effects of antiglycative natural food components may be 
challenging to understand  due to this complex structure of AGE formation [22].



Rev Nutr. 2026;39:e2500253

B Demirer et al. | Antiglycative effect of olive leaf extract

Olive leaf (OL) has been used as a therapeutic natural ingredient in the regions where it 
grows for centuries. The most important reason for its use as a pharmacological agent is its many 
phenolic components [23]. The most researched phenolic compounds identified in OL Extract 
(OLE) are oleuropein, hydroxytyrosol, verbascoside, apigenin 7-glucoside, and luteolin 7-glucoside 
[23,24]. Oleuropein is the most dominant phenolic compound in olives and is found in more than 
140 mg/g in the dry matter of unripe olives and reaches a concentration of 60-90 mg/g in the dry 
matter of leaves [25]. There is much evidence in the literature for the antiatherogenic, antiviral, 
anti-inflammatory, and antimicrobial effects of both oleuropein and OL directly [26-28]. A few 
recent in vitro studies have indicated that it may also have antiglycation properties in addition to 
these effects [16,17].

When the relevant literature is examined, while there is plenty of evidence that OLE is 
anti-inflammatory, only a few in vitro studies on its antiglycation effects were found. This study 
was planned to evaluate the in vivo effects of the results obtained from in vitro studies. The study 
aimed to investigate the amounts of some inflammatory markers, AGE, and RAGE, in the serum 
of rats fed a diet rich in OLE and AGEs, the RAGE and NF-ĸB gene expressions in the livers of rats, 
and the histopathological images of the liver.

M E T H O D S

Animals

A 7 week old healthy male Wistar rat was obtained from Karabuk University Experimental 
Medicine Application and Research Center. A power analysis was performed to determine the 
number of samples, considering previous studies [29,30]. Accordingly, it was calculated that a total 
of 36 rats, a minimum of six from each group, would be sufficient for α=0.05, 80% power rate, and 
0.80 effect size. However, considering possible losses during the study, seven were from each group. 
The study was started with a total of 42 rats. While the study was in progress, one rat died during 
oral gavage, and two rats died due to failure to adapt to environmental conditions. The study was 
completed with 39 rats. Rats were housed in polycarbonate cages with an ambient temperature of 
20±2 °C, a 12-hour light and 12-hour dark cycle, 50-55% relative humidity, and appropriate ventilation. 
Standard rat chow (AIN-93 G) and feed containing high AGE (HAGE) were provided ad libitum. 
This study was approved by the Karabuk University Animal Experiments Local Ethics Committee 
(protocol number 2023/5/16) and was carried out by the ethical rules of the Declaration of Helsinki.

Experimental Design

After a one-week adaptation period, the rats were randomized into six groups: Group 1 
(n=7) (CON), standard diet; Group 2 (n=7) (CON500), standard diet + 500 mg/kg/wk OLE; Group 3 
(n=6) (CON1000), standard diet + 1000 mg/kg/wk OLE; Group 4 (n=6) (HAGE), HAGE diet; Group 5 
(n=7) (HAGE500), HAGE diet + 500 mg/kg/wk OLE; Group 6 (n=6) (HAGE1000) received HAGE diet 
+ 1000 mg/kg/wk OLE.

The HAGE diet was obtained by heating standard rat chow at 130°C for 1 hour, considering 
similar studies after reviewing the relevant literature [4,31,32]. The AGE content of the feeds was 
evaluated using the Enzyme-Linked ImmunoSorbent Assay (ELISA) method before the start of 
the study. Accordingly, the AGE contents of the standard and HAGE diets were 693.70 ng/mL 
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and 1897.98 ng/mL, respectively. Commercially, OLE containing 20% (100 mg/500 mg) oleuropein 
(ZadeVital, Türkiye) was used as a potential antiglycation agent. The content of commercial extracts 
is presented in Table 1. When determining the dose, the amount of oleuropein contained in the 
extract was considered, and two different doses were adjusted: 500 mg/kg/wk and 1000 mg/kg/
wk. The equivalent of these doses for humans has been calculated to be 3083 mg/kg/wk and 6166 mg/
kg/wk [33]. The extracts were in powder capsule form, dissolved with distilled water within an 
hour before being given to the rats, and administered via oral gavage at the same time on the 
same day of the week. In order to mimic the treatment, distilled water was applied to groups 
1 and 4 by oral gavage. 

Table 1 – Content analysis of olive leaf extract.

Component Amount (% m/m)

Water 2.9

Ash 0.9

Oleuropein 20.19

Verbascoside 0.11

Demethyloleuropein 1.50

Hydroxytyrosol 0.27

Tyrosol 0.09

Elenolic-7-O-glucoside acid 0.11

Luteolin-7-O-glucoside acid 0.68

Luteolin 0.01

Apigenin 7-O-glucoside 0.48

Diosmetin-7-O-glucoside 0.01

Diosmetin 0.01

Caffeic acid 0.01

Vanillic acid 0.01

Vanillin 0.01

At the end of the 8th week, after 18 hours of fasting, the animals were first weighed, then placed 
under general anesthesia with 50 mg/kg ketamine (ip) and 5 mg/kg xylazine (ip), and euthanasia 
was performed by cardiac puncture method. Serum samples were collected for ELISA tests and liver 
samples were taken for gene expression analysis by Reverse-Transcriptase Polymerase Chain Reaction 
(RT-PCR) and histopathological imaging. The samples were transferred to tubes for appropriate 
analysis and stored at – 80 °C until analysis.

Biochemical Analysis

Total plasma levels of inflammatory markers (Tumor necrosis factor-alpha (TNF-α), 
Interleukin-6 (IL-6), Interleukin-10 (IL-10)), AGE, and RAGE from serum samples were determined 
by ELISA. All antibodies and standards were purchased according to the commercial ELISA kit 
(BT-LAB, China), and analyses were performed according to the manufacturer’s procedures. The 
absorbance of the samples was measured using a multimode microplate reader (Thermo Scientific 
Multiskan GO, Finland).

Gene Expression Analysis

Similar studies showed that the organ where dietary AGE caused the most damage was the 
liver [6,34,35]. For this reason, in the study, the expression of RAGE and NF-ĸB genes in the livers 
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of rats was analyzed by the semi-quantitative multiplex RT-PCR method. Since the RAGE/NF-ĸB 
interaction has been well evaluated in the literature and the mechanism in this regard is relatively 
better understood [36-38], NF-ĸB, in addition to RAGE gene expression, was also examined. Total 
RNA was obtained from rat tissues using the DiaRex Total RNA Extraction kit (Catalog No: TR-0877, 
Diagen, Türkiye). Briefly, after 5-30 mg of tissue was homogenized in a 1.5 mL homogenization tube, 
extraction was performed according to the kit manufacturer’s instructions, and finally, 30-50 μl of 
total RNA was obtained. Total RNAs were stored at -80°C until the study was performed. cDNA 
processing was performed on the RNA samples, the amounts of which were calculated using the 
SensiFAST cDNA Synthesis Kit (Bioline, England) following the manufacturer’s instructions. Briefly: 
4 μl 5X TransAmp Buffer, 1 μl reverse transcription enzyme, 7 μl RNA (1μg), and 8 μl ddH2O in a 
total volume of 20 μl. The PCR protocol consisted of primer binding at 25 °C for 10 min, reverse 
transcription at 42 °C for 15 min, and enzyme inactivation at 85 °C for 5 min. SensiFAST™ SYBR 
NoROX Kit (Bioline, UK) was used to determine gene expression levels. For the 1X PCR reaction, 
the total volume consisted of 10 μl master mix, 5 μl mixB (0.5mM, Table-1) and 5 μl cDNA, making 
the total volume 20 μl. The reaction was performed on a real-time PCR device (BioRAD CFX-96, 
Germany) with initial denaturation at 95 °C for 5 min, 40 repetitions at 95 °C for 5 sec, 55°C (RAGE 
and NF-ĸB)/63°C (actin beta) for 30 sec (reading). In the study, actin beta (ACTB), a house-keeping 
gene, was used as a normalizer. Relative mRNA expression levels obtained for specific genes via the 
device were determined using the 2-ΔΔCt method.

The following primers were used: 

• Rat RAGE

Forward (5’-3’): GAGTCTACCAGATTCCTG

Reverse (5’-3’):CCTTATTAGGGACATTGG

• Rat NF-ĸB

Forward (5’-3’): GAACTGGGCAAATGTTTCA

Reverse (5’-3’): TGCTGTTGACAGTGGTAT

Histopathological Analyses

Liver samples were kept in 10% buffered formalin solution (pH=7.2-7.4) for 24 hours. After the 
fixed tissues were cassetted, they were taken to a routine tissue tracking device (Epredia/Thermo 
Scientific STP 120-2) and blocked in paraffin (Epredia/Thermo Scientific Histostar A81000001). 
Sections prepared with a microtome (Epredia/Thermo Scientific HM355S) in 5 µm thickness from 
each block were deparaffinized and dehydrated in an automatic staining machine (Leica ST5020), 
stained with Harris’ Hematoxylin-Eosin method, and covered with a coverslip in an automatic 
coverslipping machine (Leica CV5030). All stainings were evaluated under a light microscope, and 
those deemed necessary were photographed (Olympus).

Data were analyzed with SPSS 27.0 and GraphPad Prism programs. Results are expressed as 
mean±SEM. One Way ANOVA test was used to compare the means of the research groups. Post-Hoc 
(Bonferroni) analysis was performed to examine the groups’ differences. All statistical analyses 
evaluated data at a 95 % confidence interval and p<0.05 significance level.

R E S U LT S

When the body weights of the rats were examined, there was no significant difference 
between the groups (p=0.919). When the Lee index calculated with the weight reached at the end 
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of the study was evaluated, a statistically significant difference was detected between the groups 
(p=0.002). The Lee index of the control group was significantly higher than that of the HAGE1000 
group. However, all groups were at normal weight levels. When the weight change amounts at the 
end of 8 weeks were examined, the amount of weight change in the HAGE1000 group was significantly 
lower than the control group (p<0.001) (Table 2).

Table 2 – Evaluation of body weight parameters of study groups.

�

Body weight parameters CON CON500 CON1000 HAGE HAGE500 HAGE1000 p-value

Body weight (g)-baseline 208.57±9.80 199.28±10.65 200.83±8.79 201.66±5.86 246.85±15.44 195.83±18.77 0.051

Body weight (g)-final 262.28±5.67 250.42±4.62 241.98±3.95 238.66±5.45 284.14±6.82 234.66±5.58 0.919

Lee index (3   g/cm) 291.43±2.24a 292.11±2.12a 278.87±4.34 286.91±3.12 284.47±2.61 275.57±3.64b 0.002*

Body weight difference (g) 71.57±17.12 64.28±9.85 51.50±14.26 50.83±14.77 51.00±21.86 51.33±20.28 <0.001**

Note: *p<0.01, **p<0.001. The difference between values shown with different letters on the same line is statistically significant. CON: Control, HAGE: High advanced 
glycation end product.

Figure 1 shows the amounts of AGE and RAGE in the serum of rats. While the average amount 
of AGE in the serum of rats in the HAGE group was 386.59±32.19 ng/mL, the average amount 
of AGE in the serum of rats in the CON group was 209.24±18.07 ng/mL (p<0.001). At the same 
time, the average AGE amounts in the HAGE500 and HAGE1000 groups are 221.48±9.96 ng/mL and 
205.40±40.82 ng/mL, respectively. This difference is statistically significant (p<0.001) (Figure 1a). 
The average amount of RAGE in the serum of rats in the HAGE group was 2272.98±195.72 ng/L, and 
that in the CON group was 1611.31±107.01 ng/L. This difference is statistically significant (p=0.002). 
However, no significant difference was detected between the average serum RAGE amounts of the 
supplemented HAGE500 and HAGE1000 groups and the HAGE group (Figure 1b). 

Figure 1 – Evaluation of the amounts of AGE (a), RAGE (b) in the serum of the study groups. Data are given as mean±SEM. Expressed as *p<0.01.

Note: AGE: Advanced glycation end product, CON: Control, HAGE: High advanced glycation end product, RAGE: Receptor advanced glycation end product.
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Evaluation of some inflammatory markers in the serum of rats is shown in Figure 2. While the 
average serum TNF-α amount of rats in the HAGE group was 331.48±17.20 ng/L, the average serum 
TNF-α amount of rats in the HAGE1000 group was 250.95±20.81 ng/L. This difference is statistically 
significant (p<0.001) (Figure 2a). Similarly, in Figure 2b, the average amount of IL-6 in the serum of 
rats in the HAGE group is 13.04±0.40 ng/L, and that of rats in the HAGE1000 group is 10.00±0.60 ng/L 
(p<0.001). Figure 2c shows the average values of IL-10, an antiinflammatory marker. Accordingly, the 
serum mean IL-10 values of those in the HAGE group (203.46±8.02 ng/L) were significantly lower 
than those in the HAGE1000 group (252.22±9.2 ng/L) (p=0.013).

Figure 2 – Evaluation of the amounts of TNF-α  (a), IL-6 (b) and IL-10 (c) in the serum of the study groups. Data are given as mean±SEM. Expressed as *p<0.01.
Note: CON: Control, HAGE: High advanced glycation end product, IL-10: Interleukin-10, IL-6: Interleukin-6, TNF-α: Tumor necrosis factor-alpha.

 Figure 3 shows the RAGE and NF-ĸB gene expression levels in the livers of rats. The RAGE 
expression level in the livers of those in the HAGE group was higher than that of those in the CON, 
HAGE500, and HAGE1000 groups, but this difference was not statistically significant (p=0.596) (Figure 
3a). Similarly, the NF-ĸB gene expression level in the HAGE group is higher than that in the CON, 
HAGE500, and HAGE1000 groups, but this difference is not significant (p=0.109) (Figure 3b).

Histopathological changes such as acute cell swelling, hyperemia, and sinusoid swelling 
were more in the HAGE group than in the control group. OLE supplementation reduced these 
histopathological changes (Figure 4, Table 3).
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Figure 3 – Evaluation of RAGE (a) and NF-ĸB (b) gene expressions in liver samples of the study groups by RT-PCR. Results were normalized using the 2-ΔΔCt 
method. Data are given as mean±SEM. 

Note: CON: Control, HAGE: High advanced glycation end product, NF-ĸB: Nuclear factor kappa B, RAGE: Receptor advanced glycation end product.

Figure 4 – Histopathological images of liver tissue. (a) Hyperemia and widening of sinusoids detected in the HAGE group (b) Mononuclear cell infiltrations 
detected in the HAGE group (c) Acute cell swelling in hepatocytes seen in the HAGE group (d) Reduced appearance of infiltrations and hyperemia 
in the liver tissue of animals in the HAGE1000 group. 

Note: HAGE: High advanced glycation end product.

Study 
Groups Hyperemia

Lobar 
mononuclear 

cell infiltration

Portal 
mononuclear 

cell infiltration

Hyperplasia 
in bile 
ducts

Swelling 
in Kuppfer 

cells

Ectasia in 
sinusoids

Swelling
in hepatocytes

Hyperchromasia 
in cell nuclei

Total 
score

CON

a + - - - - - - - 1

b + - - - - + - - 2

Table 3 – Histopathological changes and their severities in the liver tissues of the study groups.
1 of 2
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D I S C U S S I O N

This study investigated the antiglycation effect of OLE, rich in phenolic compounds, whose 
antiinflammatory and antioxidant effects are frequently emphasized, in rats in the context of 
biochemical, gene expression levels and histopathological images. This study is the first known 
study to examine the antiglycation effect of OLE in vivo. 

Study 
Groups Hyperemia

Lobar 
mononuclear 

cell infiltration

Portal 
mononuclear 

cell infiltration

Hyperplasia 
in bile 
ducts

Swelling 
in Kuppfer 

cells

Ectasia in 
sinusoids

Swelling
in hepatocytes

Hyperchromasia 
in cell nuclei

Total 
score

c + - - - - - - - 1

d + - - - + - - - 2

e + + - + - - - 3

f +++ - - - + - + + 6

g ++ - - - - + + + 5

CON500

a +++ + - - + - - - 5

b + - - + - + - - 3

c + - - + - - - - 2

d + - - + - + + + 5

e ++ + - + + + 6

f ++ + - - + - + + 6

g ++ + + - + - - - 5

CON1000

a + + + - + + + + 7

b + + - - - + + + 5

c + + - - + - + + 5

d + - - - - + 2

e + + - - + - + + 5

f + - - - - - + + 3

HAGE

a + - - - - + + + 4

b ++ + - - + + - - 5

c ++ + - - - - + + 5

d ++ + + - - - - + 5

e ++ - + - + + + + 7

f ++ - + - - ++ + + 7

HAGE500

a ++ - - - + + + + 6

b ++ + - - + + - - 5

c ++ - + - + + 5

d ++ + - - + - + + 5

e ++ + - - + + 6

f ++ + - - + - + + 6

g ++ + + - + - + + 7

HAGE1000

a ++ - - ++ - + - - 5

b + - - - - - + + 3

c + - - - - + + - 3

d ++ - + - - + + - 5

e + - - - - + + - 2

f + - - - - + - + 3

Table 3 – Histopathological changes and their severities in the liver tissues of the study groups.
2 of 2

Note: CON: Control diet, CON500: Control diet+ 500 mg OLE, CON1000:  Control diet + 1000 mg OLE, HAGE: High advanced glycation end products diet, HAGE500: 
High advanced glycation end products diet  + 500 mg OLE, HAGE1000: High advanced glycation end products diet  + 1000 mg OLE.
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In the study, serum AGE levels of rats receiving the HAGE diet increased approximately two 
times compared to the control group. The results were seen to be parallel to the literature. In the 
study by Chen et al., serum AGE levels of rodents receiving the HAGE diet increased at a level similar 
to our study compared to the control diet [39]. In a study conducted with mice, serum AGE values of 
mice receiving the HAGE diet for 24 weeks increased 1.5-2 times compared to the control group [40].

The antiinflammatory effect of OLE is generally well known. One study examined the 
antiinflammatory effect of oleacin and oleuropein-aglycone extracted from olive leaves. As a result, 
the antiinflammatory effect of oleacin and oleuropein has been proven in both acute and chronic 
inflammation and the pathogenesis of viral infections [41]. Another study found that OLE reduced 
inflammation caused by carrageenan-induced paw edema in rats in a dose-dependent manner [42]. 
The cardioprotective properties of OLE were examined in diabetic rats. It was determined that OLE 
applied at doses of 100, 200, and 400 mg/kg for six weeks positively affected inflammation in the 
heart tissue [43]. In this study, the positive effects of OLE on serum inflammatory parameters were 
proven, which aligns with the literature.

A few in vitro studies have previously been published showing that OLE may have an 
antiglycation effect in addition to its antiinflammatory properties. Kontogianni et al. extracted 
aqueous and methanolic extracts from OLs. They found that the methanolic extract inhibited the 
formation of fluorescent AGEs in the bovine serum albumin (BSA)-ribose system. When the phytochemical 
composition of OLE was examined, they found that luteolin and luteolin-4’- O - β - d -glucopyranoside were 
potent AGE inhibitors [17]. In a study evaluating plant-based commercial nutritional supplements, 
it was found that the antiglycation effect of OLE, which contains the active ingredient oleuropein 
at different doses, was higher than other supplements, and the antiglycation effect increased as 
the oleuropein dose increased [16]. Another recent study determined that the antiglycation effect 
of oleuropein-enriched OLE was higher than pure OLE [44]. These in vitro studies reported that 
the potential antiglycation effect of OLE is due to the phenolic compounds it contains. Especially 
in structure-activity studies, it has been shown that the antiglycation activity strengthens as the 
number of hydroxyl groups in the 3’-, 4’-, 5-, and 7-positions of phenolic compounds increases. It has 
also been reported that the activities of flavones are more potent than the corresponding flavonols, 
flavanones, and isoflavones [45,46]. This information indicates that the phenolic compounds found 
in OLE may be potent antiglycation agents [17]. The primary mechanism at this point is that phenolic 
compounds block the free amino groups on proteins or the carbonyl groups on reducing sugars, so 
they cannot be bound [16]. Another mechanism is that the phenolic compounds in OLE may reduce 
AGE formation by indirectly reducing inflammation and oxidative stress. The results obtained from 
these in vitro studies in the literature were confirmed, and it was determined that OLE reduced the 
levels of AGE and RAGE in serum.

Exogenous AGEs in tissues and organs cause an increased expression and activation of 
RAGE. Physiologically, increased RAGE activation induces transcription factors such as NF-κB, an 
activator of transcription signal transducer (STAT3) and hypoxia-inducible factor 1-α (HIF1α) by 
accelerating the cytokine secretion, increasing the production of Reactive Oxygen Species (ROS) 
and the inflammatory response. Moreover, ROS can further increase the formation of AGEs, and 
a cyclical inflammatory response occurs [39,47,48]. For this reason, the RAGE value in the liver was 
examined together with NF-κB in the study. At the end of the study, OLE reduced the expressions 
of RAGE and NF-ĸB in liver samples of rats, but this difference was not found to be statistically 
significant. The fact that the intervention period is relatively short for diet studies may be effective 
in obtaining these results at the gene level.
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In addition to these results, when the literature is examined, studies report that biocomponents 
such as triterpenes and phenolic acids, which are also found in OLs but extracted from different 
plants, have antiglycation effects alone [49-51]. The main limitation of such in vitro studies is that 
the bioavailability of the biocomponent or nutrient and its interaction with other nutrients 
are unknown. For this reason, it is essential to test the results obtained from in vitro studies 
in vivo animal models.

C O N C L U S I O N

As a result, the study found that the OLE supplement of rats receiving a HAGE diet for eight 
weeks positively affected serum inflammatory markers and AGE and RAGE levels; thus, it could be 
a potential antiglycation and antidiabetic agent. This is an important result for understanding the 
potential therapeutic activities of OL for humans. Evaluating the antiglycative effect of different 
and long-term OLE doses on different chronic disease models in future studies will contribute to 
obtaining more accurate results.
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