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Conclusions 

Study question: We questioned whether assessment of fructose level in the seminal plasma of 
subfertile men can serve as a biomarker coadjutant to standard semen analysis. In addition, we 
questioned whether fructose and total antioxidant capacity (TAC) can be used to gain information 
on spermatogenic competence and to predict pregnancy outcome. 
Summary answer: Our analysis detected an inverse correlation between fructose level and male 
age unconnected to sperm parameters. Oligo-/oligoatheno-spermic men had compromised fructose 
levels in comparison to the normal fertile cohort. In IUI treatments, men with higher fructose and 
TAC levels had significantly higher chances of pregnancies.  
What is known already: Approximately 65-75% of the seminal fluid is provided by the seminal 
vesicles and one of the largest biochemical compounds found in this gland is fructose, the main 
carbohydrate energy source of spermatozoa. Seminal vesicles are also considered a major 
contributor of antioxidants that protect spermatozoa from oxidative insults and sustain their function 
and integrity. Fructose and TAC may elucidate genital tract patency and proper function of the male 
gamete, especially in men with severely compromised sperm parameters. 
Study design, size, duration: A total of 80 men were included in this 5-month prospective study. 
Fructose and TAC were plotted against semen parameters. in patients undergoing IUI or IVF.   
Participants/materials, setting, methods: Specimens were collected at our center from 
consenting patients undergoing routine semen analysis. After liquefaction, semen parameters were 
assessed according to the WHO criteria (2010). The specimens were centrifuged and the cell-void 
seminal plasma was assessed for fructose and TAC concentrations using colormetric assays on an 
automated microplate reader (ΔOD405/570).  
Main results and the role of chance: In 80 men (39.6±8yrs), sperm concentration was 
26.7±27x106/ml and motility 42.7±14%. TAC inversely correlated to abstinence (P=0.01) while 
positively with semen parameters (P<0.05). TAC increased with fructose (P<0.001) and both 
decreased with age (P<0.05). Normozoospermic men (n=34) exhibited a fructose (2.1±0.9mg/ml) 
higher than oligozoospermic (n=18; 1.6±0.9mg/ml) and oligoasthenozoospermic (n=12; 1.4±1.2mg/
ml). NOA (n=8; 2.5±0.9mg/ml) had the highest level of fructose (P<0.05). In 22 men undergoing 41 
IUI cycles with their female partner (35.5±5yrs), a clinical pregnancy of 17.1%, fructose of 
2.8±0.7mg/ml, and TAC 2001.0±133nmol/ml, higher than the non-pregnant group (1.8±1.3mg/ml 
and 1.783.0±195.6nmol/ml) (P<0.05). Five couples that failed IUI along with 20 others (maternal 
age 37.7±5years) underwent 35 ART cycles and achieved clinical pregnancies of 31.4% with a 
fructose level of 1.7±1.1mg and TAC of 1764.4±261.5nmol/ml. 
Limitations, reasons for caution: We have two identified seminal biomarkers that may be utilized 
in addition to a standard semen analysis to assess a man’s fertility. While these results are 
promising, these are still preliminary data and need farther validation. 
Wider implications of the findings: The inadequacy of a standard semen analysis to provide 
information on spermatogenesis has been widely recognized. Due to the concurrent dependence of 
seminal vesicle function and spermatozoa production under gonadotropic control, fructose 
assessment may provide insight on the germinal epithelium integrity. The interpretation of semen 
biomarkers such as the assessment of fructose and TAC may be particularly useful in diagnosing 
infertile men and to select appropriate insemination methods.  
Study funding/competing interest(s): Reproductive Medicine, Weill Cornell Medical College 
Trial registration number: N/A  

Due to the concurrent dependence of seminal 
vesicle function and spermatozoa production 
under gonadotropic control, fructose assessment 
may provide insight on the germinal epithelium 
integrity and seminal vesicle function. Seminal 
vesicles are considered a major contributor of 
antioxidants that protect spermatozoa from 
oxidative insults and sustain their function and 
integrity. Corrected fructose (cFRU) and total 
antioxidant capacity (TAC) may elucidate genital 
tract patency and proper function of the male 
gamete, especially in men with severely 
compromised sperm parameters.  

We questioned whether assessment of 
corrected fructose and TAC level in the seminal 
plasma of subfertile men can serve as a 
biomarker coadjuvant to standard semen analysis 
in predicting male gamates’ ability to achieve 
pregnancy. 

Patients undergoing male infertility screening were included in the study. After complete liquefaction, 
ejaculate parameters such as abstinence, volume, spermatozoal concentration, motility, and morphology 
were assessed according to the 2010 WHO criteria. The specimens were then centrifuged at 3,000g for 
10 minutes and the cell-void seminal plasma was aliquoted and cryopreserved at -80oC until the time of 
the TAC and fructose assay. 

Fructose was assessed using a commercial kit (Fructose Assay, Abcam) and the optical density was 
measured at ΔOD570 using a computerized automated microplate reader. To account for fructose 
consumption by spermatozoa, fructose value was corrected (cFRU) by multiplying it with the logarithm of 
sperm concentration:  

Corrected fructose (cFRU) 
mg 

= log(sperm concentration) x (FRU) 
ml 

Total antioxidant capacity was also assessed using a commercial kit (Antioxidant Assay Kit, Cayman 
Chemical) and the optical density was measured at ΔOD405. A threshold of 1800nmol/ml TAC was 
adopted.  

To predict the ability of spermatozoa to fertilize and participate in embryo development, we assessed 
the reproductive performance of couples undergoing IUI in relation to seminal cFRU and TAC levels. 
Clinical pregnancies were considered positive when at least one fetal heart beat was detected on their 
7th week ultrasound.  

A total of 134 consenting men were included in the study (Table 1). cFRU (P = 0.03) and TAC (P = 
0.005) levels appeared to decrease in function of advancing paternal age (Figure 1).  

Table 1. Semen characteristics of 134 men as well as 
seminal TAC and fructose  

 

Patients 134 

Male Age (M ys ± SD) 38.5 ± 7.5 

Abstinence (M days ± SD) 3.9 ± 1.7 

Seminal fluid volume (M ml ± SD) 3.2 ± 1.4 

Sperm concentration (M x106/ml ± SD) 26.8 ± 29.4 

Motility (M% ± SD) 39.4 ± 14.2 

Morphology (M% ± SD) 2.3 ± 1.0 

TAC (M nmol/ml ± SD) 1834.5 ± 278.4 

FRU (M mg/ml ± SD) 1.97 ± 1.13 

cFRU (Mmg/ml ± SD) 2.53 ± 1.61 Figure 1. Corrected fructose, seminal TAC, and patient age. 

While cFRU and TAC did not correlate to 
ejaculatory abstinence and seminal fluid volume, 
they concordantly increased with the proportion 
of motile sperm (Figure 2). 

There was a strong positive and direct 
correlation between cFRU and seminal TAC (P < 
0.0000005). When we grouped men below and 
above TAC threshold, a significant difference in 
cFRU was confirmed (P = 0.0003) (Figure 3).  Figure 2. Corrected fructose, seminal TAC, and motility. Figure 3. Corrected fructose below and above threshold of 

1800 nmol/ml. 

Table 2. Patient characteristics, cFRU, and TAC, overall and according to pregnancy status 
 

All Patients Pregnant Not Pregnant P value 
Patients 41 15 26 
IUI Cycles 100 30 70 
Male Age (M yrs ± SD) 37.5 ± 5.3 37.4 ± 5.4 37.6 ± 5.3 0.9 
Female Age (M yrs ± SD) 35.9 ± 4.5 36.0 ± 4.7 35.8 ± 4.4 0.9 
Sperm Concentration (M x106/ml ± SD) 44.0 ± 24.6 46.8 ± 20.3 42.4 ± 27.0 0.6 
Motility (% ± SD) 41.4 ± 12.3 44.6 ± 6.9 39.6 ± 14.4 0.1 
Total Motile Count (M x106/ml ± SD) 55.3 ± 40.2 62.2 ± 44.7 51.4 ± 35.9 0.5 
Morphology (M% ± SD) 2.5 ± 1.1 2.7 ± 1.0 2.3 ± 1.1 0.3 
TAC (M nmol/ml ± SD) 1862.6 ± 193.6 1977.9 ± 148.7 1796.2 ± 187.1 0.002 
cFRU (M mg/ml ± SD) 3.02 ± 1.58 3.67 ± 1.22 2.64 ± 1.66 0.02 

A group of 41 men were treated in 100 IUI cycles with 
their female partner (35.9 ± 5 years) and reported a clinical 
pregnancy rate of 15.0%. The average cFRU was 3.02 ± 
1.58 mg/ml and the average TAC was 1862.6 ± 193.6 nmol/
ml (Table 2). There were no significant differences among 
male and female ages as well as sperm parameters 
between couples that achieved clinical pregnancy (n = 15), 
and those who did not (n = 26). However, cFRU and TAC in 
the successful outcome group were both remarkably higher 
than those that failed (P = 0.02 and P = 0.002, respectively) 
(Figure 4 and 5), even after controlling for an eventual 
female factor (≤ 35 years) (P = 0.02).  

Information acquired from standard semen 
analysis has a limited predictability on the fertile 
status of men with adequate semen parameters. 
Additional seminal biomarkers such as cFRU 
and TAC levels provide information on the male 
genital tract microenvironment, particularly into 
seminal vesicle function on the male gametes’ 
ability to achieve a pregnancy. Biomarkers such 
as cFRU provide information on the seminal 
vesicle function and is concordant with seminal 
TAC. Both markers decreased with advancing 
paternal age along with decreasing proportional 
of motile spermatozoa and also appear to 
predict chances of IUI pregnancy even after 
controlling for female factor.  Figure 4. Corrected fructose and IUI clinical outcome.  Figure 5. Seminal TAC and IUI clinical outcome.  


