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Spermatozoa spontaneously produce a variety of reactive oxygen species 
(ROS) including superoxide anion, hydrogen peroxide, and nitric oxide. Produced 
in small amounts, the ROS are functionally important in driving the tyrosine 
phosphorylation cascades associated with sperm capacitation. However, when the 
ROS production exceeds the seminal plasma's antioxidant defenses, the 
excessive oxidative environment may induce damage on the sperm plasma 
membrane and DNA strand breakage. This oxidative stress not only disrupts the 
fertilizing potential of human spermatozoa but also the ability to create normal 
healthy embryos. 

Here we assessed the impact of seminal antioxidant capacity on sperm DNA 
integrity and attempted to measure embryo developmental competence of 
spermatozoa retrieved from a healthier micro-environment through microsurgery. 

Objective: To assess the impact of seminal antioxidant capacity on sperm DNA integrity. To measure embryo developmental 
competence of spermatozoa retrieved from a healthier micro-environment through microsurgery.  
Design: Men with extremely high DFI in their ejaculates (n = 45) simultaneously received a TAC analysis on seminal fluid. 
Following counseling, men underwent surgical sampling and DNA integrity assessment on spermatozoa retrieved from 
vassal fluid, epididymis, and testis. TAC, sperm parameters, DFI and clinical outcome were recorded and compared for each 
individual sperm source. 
Materials and Methods: Ejaculates were processed in standard fashion, assessed for TAC, DFI by TUNEL and/or SCSA. 
TAC was determined by a colorimetric assay on an automated microplate reader. Surgical specimens were isolated from 
different sites of the male genital tract and DFI measured exclusively by TUNEL then cryopreserved for later use.  
Results: In 51 ejaculates the average DFI was 32.0% for TUNEL and 40.6% with SCSA with a good concordancy between 
the two assays. While proximal surgical sampling improved DFI, it inversely yielded lower concentration of spermatozoa and 
with somewhat decreased motility. The antioxidant buffering capacity of the ejaculates inversely correlated with the DFI (P < 
0.01). Retrieval of spermatozoa from the vas deferens yielded a DFI of 21.5 ± 6.9% (range 15.7-34.4; P = 0.005) while 
epididymal sampling yielded 19.3 ± 7.3% DFI (range 8.4-33.8; P = 0.0001) and the DFI on testicular spermatozoa was 12.9 
± 6.2% (range 2.0-27.0; P = 0.0001). Men that underwent ICSI utilizing the ejaculated spermatozoa (n = 17) had a clinical 
pregnancy rate of 12.2% (5/41) while with surgically retrieved spermatozoa (n = 26) the pregnancy rate was 26.8% (11/41). 
Moreover in couples (n = 11) that used both ejaculated, in 22 cycles and surgically received in 15 cycles, yielded a 
comparable fertilization of 58.8% vs 48.8%, respectively, however the embryo cleavage rate was higher in the testicular 
sampling cohort (76.6% vs 85.7%; P < 0.0001). Similarly the TESE cycles had a higher clinical pregnancy with TESE (9.1% 
vs 33.3%), and an increase in implantation rate with TESE (4.4% vs 14.3%; P=0.05). 
Conclusions: The total antioxidant capacity of an ejaculate can reliably predict a compromised sperm chromatin integrity. 
Microsurgical retrieval of spermatozoa from different levels of the male genital tract, provide healthier sperm DNA as the 
sampling was closer to the protected seminiferous tubule microenvironment. This was confirmed by higher embryo 
development, clinical pregnancy, and implantation rate.  
Support: Reproductive Medicine, Weill Cornell Medical College  

The total antioxidant capacity of an ejaculate can reliably predict a compromised sperm chromatin integrity. Microsurgical 
retrieval of spermatozoa from different levels of the male genital tract, provide healthier sperm DNA as the sampling was 
closer to the protected seminiferous tubule microenvironment. This was confirmed by higher embryo development, clinical 
pregnancy, and implantation rate.  
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Patients undergoing male infertility screening were included in the study (IRB 
1006101085). After liquefaction, semen parameters such as abstinence, volume, 
concentration, motility, and morphology were assessed to the WHO criteria (2010). 
The specimen was then centrifuged at 1,000g for 10 minutes to remove 
spermatozoa and the cell-void seminal plasma was tested total antioxidant 
capacity (TAC) and cryopreserved. A threshold of 1800nmol/ml TAC was adopted.  

We identified infertile men (n = 42; Table 1) with high DNA fragmentation in their 
ejaculates that agreed to undergo surgical sampling for this indication. Surgical 
specimens were retrieved from the testis, the epididymis, vas deferens as depicted 
in Figure 1a-f. Chromatin fragmentation index was assessed by SCSA and/or 
TUNEL on specimens isolated from all sites. ICSI outcomes with ejaculated and 
testicular spermatozoa were analyzed and compared. A threshold of 7% DFI for 
TUNEL was adopted.  

Ejaculated Vas Deferens  Epididymis Testis 

Table I. Semen parameters 
Men 42 7 28 54 
Male age (M yrs ± SD) 46.1 ± 10 42.7 ± 7 47.3 ± 10 46.0 ± 10 
Samples 71 14 54 109 
Concentration (M x106/ml ± SD) 17.7 ± 21 7.2 ± 12 3.6 ± 9 0.99 ± 1.7 
Motility (M% ± SD) 17.6 ± 18 29.9 ± 16 23.6 ± 24 10.6 ± 11 
Morphology (M% ± SD) 1.7 ± 1 — — — 
DFI (M ± SD) 

     TUNEL 27.4 ± 17.5 17.9 ± 8 17.6 ± 8 12.6 ± 6 
     SCSA 38.5 ± 27 

Table II. ICSI outcomes Ejaculated Epididymis Testis 

Couples 17 7 25 
Cycles 41 10 37 
Female age (M yrs ± SD) 37.5 ± 5 42.1 ± 3 38.4 ± 3 
Fertilization (2PN/MII, %) 251/404 (62.1) 52/82 (63.4) 183/307 (59.6) 
Clinical pregnancies (%) 5 (12.2) 2 (20.0) 10 (27.0) 
Implantation (%) 5/114 (4.3) 2/22 (9.1) 11/81 (13.1) 

Figure 1. Ejaculated sample in a specimen jar 
(a). Isolation of the vas deferens (b), followed 
by vasal sperm aspiration (c). Exposure of 
epididymal tubules (d) and epididymal 
aspiration with a standard 5µm capacity 
pipette (e). Testicular biopsy performed using 
iris scissors (f). 
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Figure 2. The TAC is inversely correlated with the DFI. 

In 71 ejaculates the average DFI was 
27.4% for TUNEL and 38.5% with 
SCSA with a good concordancy 
between the two assays. While 
proximal surgical sampling improved 
DFI, i t inversely y ie lded lower 
concentration of spermatozoa and with 
somewhat decreased motility. The 
antioxidant buffering capacity of the 
ejaculates inversely correlated with the 
DFI (P < 0.01; Figure 2).  

Retrieval of spermatozoa from the 
vas deferens yielded a DFI of 17.9 ± 
8% (range 5.8-34.4; P = 0.005) while 
epididymal sampling yielded 17.6 ± 8% 
DFI (range 7.0-34.8; P = 0.0001) and 
the DFI on testicular spermatozoa was 
12.6 ± 6% (range 2.0-74.8; P = 0.0001), 
a l l lower than their e jaculated 
counterparts.  

Men that underwent ICSI utilizing the 
ejaculated spermatozoa (n = 17) had a 
clinical pregnancy rate of 12.2% (5/41) 
while epididymis was 20.0% (2/10), and 
testicular sample was 27.0% (10/37) 
(Table II).  

Moreover in couples (n = 11) that 
used both ejaculated, in 22 cycles and 
surgically received in 15 cycles, yielded 
a comparable fertilization of 58.8% vs 
48.8%, respectively, however the 
embryo cleavage rate was higher in the 
testicular sampling cohort (76.6% vs 
85.7%; P < 0.0001). Similarly the TESE 
cycles had a higher clinical pregnancy 
with TESE (9.1% vs 33.3%), and an 
increase in implantation rate with TESE 
(4.4% vs 14.3%; P = 0.05). 


