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Glycotoxins termed as advanced glycation endproducts (AGEs) are made 

endogenously and exogenously. Maillard reaction is a chemical non-enzymatic 

process, between sugars and a free amino acid group of nucleic acids, proteins, 

and lipids which happens exogenously when handled with high temperature for 

a prolonged period and in a dry environment, resulting in glycotoxins (AGEs) 

formations. This reaction is responsible for the taste, color, and smell of food. 

Glycotoxins derived from food are absorbed in the intestine and store in cells 

and tissues. Also, glycotoxins are derived exogenously from smoking. While 

endogenous glycotoxins are generated by normal body physiology. Obesity and 

insulin resistance may induce glycotoxins (AGEs) accumulation. The objective 

of this study was to evaluate the relationship between glycotoxins (AGEs) and 

obesity. 66 infertile females who were undergoing intracytoplasmic sperm 

injection ICSI. These females were classified into three groups according to 

their body mass index. On the day of ova pick up the collect serum and follicular 

fluid for subsequent measurement of glycotoxins (AGEs) by ELISA kits. there 

was a significant difference in the concentration of glycotoxins in follicular fluid 

and serum between the three ICSI groups of patients. As well as there was a 

significant difference in the concentration of glycotoxins (AGEs) in follicular 

fluid and serum in the same ICSI groups of patients. there is a significant 

positive relation between glycotoxins (AGEs) and increase BMI. 
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1. Introduction 

Glycation is a spontaneous non-enzymatic 

process of reducing sugars and free amino 

groups of nucleic acid, proteins, and lipids, 

that forms Schiff’s base. Then the Schiff’s 

base is converted into the more stable 

product ‘Amadori product’. This product 

then undergoes many reactions after a 

period of weeks to form advanced 

glycation end products (AGEs) which are 

called Glycotoxins (Mohammadi, M. [1]). 

It is constituting a group of complexes 

compound of over twenty members 

(Monnier and Sell [2]; Ramasamy, et al. 

[3]; Merhi, Z. [4]). N-carboxymethyl-lysine 

and Pentosidine are regarded as well-

known glycotoxins and have been used as 

signs of AGEs (glycotoxins) accumulation 

in different tissues (Merhi, et al. [5]; 

Diamanti‐Kandarakis, et al. [6]). AGEs 

levels in Serum and body tissue depend on 

endogenous and exogenous sources. 

Exogenous sources result from diet and 

smoking. While endogenous AGEs are 

generated by normal body physiology, but 

when an excessive number of AGEs 

accumulate in the body leads to a 

pathological change occur such as 

oxidative stress and Inflammation over 

numerous ways at the tissue and cellular 

level. 

1. AGEs (glycotoxins) bind with 

cellular surfaces or cross-link with 

body proteins leading to hardness of 

the protein matrix and modifying 

their function (Ayatollahi, et al. [7]). 

2. They bind with a receptor for 

advanced glycation end products 

(AGEs-RAGE) resulting in 

disturbance of cellular signaling 

pathways (Ahmad, et al. [8]). 

3. Peroxidation of lipid led to troubled 

endothelial function, stimulating 

oxidative stress and inflammation 

(Rojas, et al. [9]; Rehman, et al. [10]).  

There are two types of glycotoxins (AGEs) 

receptor, Receptor-dependent AGEs 

(RAGE) which are an immunoglobulin 

superfamily that binds with various 

family's ligands (Merhi, et al. [11]). The 

interaction of AGEs with the receptor-

dependent AGEs starts the stimulation of 
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downstream signaling paths leading to the 

startup of several inflammatory cytokines 

and more up-regulation of the receptor 

leads to a positive feedback loop (Kalea, et 

al. [12]). The second type of AGEs receptor 

called soluble AGEs receptor (sRAGE), 

which are extracellular receptors and 

found in circulating blood (Diamanti‐

Kandarakis, et al. [13]; Diamanti‐

Kandarakis, et al. [14]). Soluble RAGE (s-

RAGE) can counterbalance the outcome 

mediated by RAGE–ligand binding and 

may neutralize RAGE-mediated 

pathogenesis by acting as a decoy. 

Therefore, it is theorized that when the 

concentration of s-RAGE is increased, it 

could bind more ligands (AGEs) which 

might prevent the activation of 

downstream signaling thus may reduce the 

inflammation and oxidative stress caused 

by glycotoxins. In comparison to normal 

AGEs receptor (RAGE), soluble AGEs 

receptor (sRAGE) is regarded as a ‘good’ 

receptor (Diamanti‐Kandarakis, et al. 

[15]). The key factors that influence the rate 

of glycotoxins formation is a nutrient 

composition that is more in protein, then in 

fat and less in carbohydrate. Moreover, 

depending on temperature and length of 

heat application, humidity, pH, and 

amount of trace metals contained 

(Goldberg, et al. [16]; Uribarri, et al. [17]). 

Therefore, glycotoxins (AGEs) contained 

in food can significantly be modified by 

different cooking methods without 

necessarily changing the nutrient 

composition. For example, the same 

amount of chicken has been used, but 

handling it with different cooking 

techniques for the same period, will make 

very different glycotoxins content (the 

number of AGEs in steaks and roast 

chickens is much higher than in other 

foods) (Lin, et al. [18]). Metabolic 

syndrome affected about 20 - 30% of the 

adult population worldwide, which is 

characterized by central obesity and 

insulin resistance. This disease is 

multifactorial, resulting from complex 

genetic and environmental influences such 

as physical inactivity, smoking, and a diet 

rich in sugars and saturated fatty acids. 
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Obesity and insulin resistance may induce 

glycotoxins (AGEs) accumulation (Merhi, 

Z. [19]). 

2. Materials and Methods 

This prospective comparative study 

included sixty-six infertile females who 

were undergoing intracytoplasmic sperm 

injection ICSI at the High Institute of 

Infertility Diagnosis and Assisted 

Reproductive Technologies, Al Nahrain 

University, Baghdad, Iraq, From July 2019 

to May 2020. These females were divided 

into three groups according to their body 

mass index  

  

• Normal BMI = 18.5 - 24.9 kg /m2 

• Overweight BMI = 25 – 29.9 kg /m2 

• Obese BMI ≥ 30 kg/m2 

Inclusion criteria consisted of Females age 

19 - 43 years with ovarian dysfunction, 

tubal factors, idiopathic factors, male 

factors infertility except those with non-

obstructive azoospermia, and both male 

and female factors. While exclusion 

criteria include: Females with BMI < 18.5 

kg/m2, Male with non-obstructive 

azoospermia, females with endocrine 

disorders like (liver, kidney, and heart 

disease) and blood vessel diseases (Yao, et 

al. [20]). On the 2nd day of the menstrual 

cycle all patients were subjected to full 

history, physical and gynecological 

examination, transvaginal ultrasound 

examination to assess the number of antral 

follicles, baseline hormonal assay, 

husband’s seminal fluid analysis all steps 

were explained to the couple and 

confirmed their agreement (Al-Obaidi, et 

al. [21]). 

2.1 Ovarian stimulation and 

cycle monitoring 

Patients underwent IVF/ICSI using two 

types of Controlled ovarian 

Hyperstimulation (COH) protocols, which 

are either the flexible antagonist protocol 

or Short, and early follicular antagonist 

protocol (sandwich protocol). Antagonist 

protocol was used in 62 infertile females in 

which gonadotropin (rFSHα, Gonal-F®; 

Merck Serono, Geneva, Switzerland) 

subcutaneous injection administered on 

)2BMI = Weight (kg) / Height (m 
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the 2nd or 3rd day of the menstrual cycle at 

different dosages according to the patient’s 

age and the previous response of ovulation 

induction. Then pituitary down-regulation 

with daily subcutaneous injection of 

GnRH antagonist (Cetrorelix acetate 

injection 0.25 mg: CetrotideR, Merk, 

Switzerland) when follicular size reached 

14 mm in diameter then triggering with an 

injection of 5000– 10,000 IU of rhCG 

were applied 34-36 hours before oocytes 

retrieval (Paulson, RJ. [22]). The sandwich 

protocol was used in selected cases (four 

cases) which are either poor responder or 

old age females. GnRH antagonist 

Cetrotide was given 0.25 mg/day from 

cycle day two for three days in order to 

elongate the follicular phase and increase 

recruitment. When the leading follicle 

reaches 12-14 mm take Cetrotide again 

until triggering day (Bruyneel, et al. [23]). 

The COH was monitored by both serum E2 

levels and transvaginal ultrasound 

(Costello, et al. [24]). Transvaginal 

ultrasound-guided oocyte retrieval was 

performed, and then ICSI was done 40-42 

h after triggering. Oocytes were 

considered to be fertilized when two 

pronuclei were observed at 17-18 hr. 

following insemination or ICSI 

(Venturella, et al. [25]). 

2.2 Serum and Follicular 

Fluid collection 

A blood sample was obtained on the day of 

oocyte retrieval, left in a gel tube, and then 

centrifuged for 10 minutes at 5000 rpm to 

separate the serum. Follicular fluid was 

obtained from the first retrieved follicle to 

avoid contamination of blood and media 

used during aspiration, put in a plane tube, 

and then centrifuged for 10 minutes at 

3000 rpm. The supernatant of follicular 

fluid and the serum was collected and 

stored at -40° C until analysis. 

2.3 Measurements of 

glycotoxins (AGEs) 

Enzyme-linked immunosorbent assay 

(ELISA) kits (Cusabio Biotech Co. Ltd, 

Wilmington, DE, USA) was used to 

measure the level of glycotoxins (AGEs) 

in follicular fluid and serum. The within- 
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and between assay coefficients of variation 

were (CV % < 8%) and (CV% < 10%) 

respectively. 

3. Statistical Analysis 

Statistical analysis was performed by 

using statistical package of science 

(SPSS); version 25.0 and Microsoft excel 

worksheet 2010. Numeric variables were 

expressed as Mean ± standard deviation 

while nominal variables were expressed as 

number and percentage by using the chi-

square test. The significance of the 

differences between values was 

considered statistically significant at the 

level of p < 0.05, which was done by using 

a one-way ANOVA test. 

4. Results 

The demographic characteristics (age and 

duration of infertility) of infertile females 

enrolled in the present study are shown in 

Table 1, which are expressed as either 

Mean ± Standard Deviation (SD) or 

percentage. The statistical analysis 

showed no significant difference (P>0.05) 

between the three ICSI groups in age and 

duration of infertility. The gonadotropin 

dose that is the total number of ampoules 

used in stimulation days and the duration 

of stimulation (which is the number of 

days from starting of gonadotropin until 

triggering day) were recorded as Mean ± 

Standard Deviation (SD) in Table 1. 

Statistically, there was no significant 

difference (p>0.05) in the gonadotropin 

dose and duration of stimulation between 

the three ICSI groups of patients. Baseline 

hormonal status of ICSI groups of patients 

with respect to BMI was shown in Table 

2. There was no significant difference in 

mean serum hormonal level between 

normal, overweight, and obese ICSI 

groups of patients (p > 0.05). Concerning 

the allocation of glycotoxins (AGEs) 

concentration in follicular fluid and 

serum, there was a significant difference 

between the three ICSI groups of patients 

p-value was (0.000) as shown in Table 3. 

It showed that the highest concentration of 

AGEs (in follicular fluid and serum) was 

found in obese ICSI groups of patients  
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 Table (1): Comparison of clinical characteristics of all participants undergoing IVF/ICSI  

Groups 
Normal 

(n=22) 

Overweight 

(n=22) 

Obese 

(n=22) 
P-value 

Age (yr) 

(Mean±SD) 
27.6±5.8 29.6±5.6 31.4±5.9 0.1 NS 

Duration of 

infertility (yr) 

(Mean±SD) 

7.9±3.9 5.6±3.2 6±3.7 0.1 NS 

Days of stimulation 

(Mean ±SD) 
10.3±1.7 

10.2±1.5 

 
10.7±1.1 0.5 NS 

Gonadotropin 

ampoules 
20.7±10.4 20.6±11.9 25.5±14.1 0.3 NS 

 

SD: Standard deviation; n: number; NS: not significant at p > 0.05; One-way ANOVA test 

 

 

Table (2):  Comparison of hormonal levels 

Hormone 
Normal 

Mean±SD 

Overweight 

Mean±SD 
Obese 

Mean±SD 
P-value 

D2 FSH (IU/l) 6.9±2.6 6.94±3.5 8.21±3.1 0.46 NS 

D2 LH (IU/l) 5.42±2.5 4.12±1.6 4.4±2.1 0.254 NS 

D2 TSH (IU/l) 1.49±0.63 1.62±0.92 1.46±0.71 0.504 NS 

D2 PRL (ng/ml) 18.7±7.3 20.3±14.7 21.12±9.7 0.82 NS 

D2 E2 (pg/ml) 34.19±15.2 42.2±15.9 33.9±16.3 0.13 NS 

2 Triggering day E

(pg/ml) 
1531.84±667.2 1932.95±703.66 1150.19±150.15 0.64 NS 

 

SD: standard deviation; FSH: follicle-stimulating hormone; E2: Estradiol; TSH: thyroid-stimulating 

hormone; PRL: prolactin. One-way ANOVA; S: significant at p ≤ 0.05; NS: not significant at p >0.05 . 
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(374.13±31.1 and 398.94±39) 

respectively. While the lowest 

concentration was found in normal ICSI 

groups of patients (177.73±49.6 and 

147.96±26) in follicular fluid and serum 

respectively. As well as there was a 

significant difference in the concentration 

of AGEs in follicular fluid and serum in 

the same ICSI groups of patients P=0.04.  

5. Discussion 

Infertility defines according to the Oxford 

English Dictionary as “inability to give 

birth or procreate” (Deyhoul, et al. [26]). 

The problems enclosing infertility are 

several and complicated, which is 

combined with the advanced maternal age 

at which more couples are trying to 

achieve pregnancy. Throughout the past 

two decades, the typical conception age 

has increased from 29.4 to 32.8 years of 

age (Oduola, et al. [27]) and, predictably, 

up to one in six couples are seeking 

fertility treatment (de Oliveira, et al. [28]). 

Probably due to bad quality oocyte, 

ovarian disorder, and reproductive system 

complaints such as fallopian tube 

diseases, endometriosis, and leiomyoma 

(Vitale, et al. [29]). In the current study, the 

mean ± SD for age (years) of all ICSI 

 

Table (3):  Advanced Glycation Endproducts concentration in follicular fluid and serum  

The variable 
(pg/ml) 

Normal 

(Mean±SD) 

Over weight 

(Mean±SD) 

Obese 

(Mean±SD) 
P-value 

AGEs-F 177.73±49.6 264.49±66.4 374.13±31.1 0.000 HS 

AGEs-S 147.96±26 242.38±59 398.94±39 0.000 HS 

P-value 0.04 S 0.04 S 0.04 S  

 

AGEs-F: Advanced Glycation Endproducts concentration in follicular fluid; AGEs-S: Advanced 

Glycation Endproducts concentration in serum; SD: standard deviation. S: significant at p ≤ 0.05; 

NS: not significant at p > 0.05; HS: highly significant at p=0.000. 
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groups of patients is 29.4±5.9. It was 

found that there was no significant 

difference in the mean age and the 

duration of infertility between the three 

ICSI groups of patients (normal, 

overweight, and obese). This finding 

agrees with another study which, stated 

that (age and infertility duration) are 

important factors to eliminate any variable 

that may affect the results of the measured 

parameter which may affect the ICSI 

outcome (Lambalk, et al.  [30]). The mean 

duration of ovarian stimulation and the 

dose of gonadotropin were calculated in 

all females who participated in the study. 

These variables were essential to evaluate 

the response to ovarian stimulation 

protocol. The dose of gonadotropin and 

duration of stimulation are considered as 

markers for ovarian response to 

stimulation (Khalaf, et al. [31]). Previously 

it was defined ovarian reserve as the 

ability of the ovaries to respond to 

gonadotropin with sufficient follicular 

development. A significant number of 

women were found to respond poorly or 

not at all to this treatment, such patients 

have been referred to as low responders 

and having diminished ovarian reserve 

(Wintner, et al. [32]). In the present study, 

a comparison was done between the 

duration of stimulation and the total 

gonadotrophin dose between the three 

ICSI groups of patients. The results 

showed no significant differences 

between the three ICSI groups of patients. 

This finding agrees with that of previous 

systematic reviews which reported that no 

significant adverse effects of elevated 

BMI on IVF outcomes (Schliep, et al. [33]). 

While disagreeing with other studies, 

which stated that an elevated BMI 

associated with higher gonadotropin dose 

requirement, collection few oocytes, 

cancellation rates high, pregnancy and 

live birth rates reduced, in addition to 

increased miscarriage rates (Caillon, et al. 

[34]; Sarais, et al. [35]). Basal hormonal 

level illustrated in Table 2, there was no 

significant difference between the three 

ICSI groups of patients because all 

disturbed hormones are usually corrected 
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before starting ovarian stimulation 

protocols. Advanced glycation 

endproducts are destructive complexes 

that are created through the non-

enzymatic change of proteins, lipids, and 

nucleic acid by sugars. Excess levels of 

these compounds in the tissues and 

circulation may involve many pathogenic 

pathways (Kheirouri, et al. [36]). AGEs 

have pathogenic importance in chronic 

diseases (Davis, et al. [37]) due to 

involvement in the elevation of oxidative 

stress, inflammation, and apoptosis 

(Peters, et al. [38]). In the present study, the 

statistical analysis showed that there was 

a significant difference in the 

concentration of AGEs in follicular fluid 

and serum between the three ICSI groups 

of patients (P=0.000). Also, in the same 

group, there was a significant difference in 

the concentration of AGEs in follicular 

fluid and serum (P=0.04). These results 

agree with another study that 

demonstrates that obese AGEs are 

significantly higher than non-obese 

(Antoniotti, et al. [39]). While disagreeing 

with other studies that stated that There 

was no correlation between obesity and 

circulating AGEs (Garay-Sevilla, et al. 

[40]).  The effect of AGEs is classified as 

receptor-dependent via binding to the 

AGE receptor (RAGE) or receptor-

independent (such as cross-links with 

extracellular matrix) (Haddad, et al. [41]). 

An extracellular form of AGEs receptor, 

called soluble receptor for AGE (sRAGE), 

circulates in the blood (Piperi, et al. [42]). 

The Soluble AGEs receptor is generally 

considered a good receptor because it acts 

as a decoy by binding the circulating toxic 

AGEs, thus the adverse intracellular 

AGEs actions in all organs including the 

ovaries are inhibiting (Fujii and 

Nakayama [43]). These results support the 

present study, which conducted that there 

was a significant difference in AGEs 

concentration in follicular fluid and 

serum, and higher concentration was 

found in the follicular fluid than in serum 

in normal and overweight ICSI groups of 

patients due to increase (sRAGE) in blood 

circulation, which binds to toxic AGEs 
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and decreased its circulating level. While 

obese ICSI groups of patients had higher 

AGEs concentration in serum than in 

follicular fluid. This agrees with another 

study, which stated that plasma sRAGE 

inversely correlates with factors of 

metabolic syndrome, for example, 

obesity. Obese women have significantly 

lower serum sRAGE concentrations when 

compared with normal-weight females 

(Li, et al. [44]).  

6. Conclusions 

Obesity is associated with an increase in 

the concentration of advanced Glycation 

End products (AGEs) in follicular fluid 

and serum. 
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