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Study question: Insight on the protective effect of seminal antioxidant capacity on sperm DNA 
integrity and its effect on gamete characteristics and embryo developmental competence has 
guided us to perform this experiment. We question whether sampling the male gamete proximal to 
the germinal epithelium yields spermatozoa with a healthier genome. 
Summary answer: DNA fragmentation index originates during spermiogenesis and progressively 
increases as the sperm traverses the male genital tract. When compounded by an impaired level of 
total antioxidant capacity (TAC) in the ejaculate, elevated DFI may justify offering alternative sperm 
sourcing to aid positive IVF outcomes. 
What is known already: During the later stages of spermiogenesis DNA breakage is 
physiologically induced to allow tight chromatin compaction. While most spermatozoa undergo DNA 
repair, oxygen free radicals are the main cause of DNA injury. The buffering capacity of seminal 
antioxidants is the only agent protecting the DNA integrity of spermatozoa in the ejaculate. 
Therefore, testing the sperm’s DFI and concurrent seminal TAC is essential to assess gamete 
competence. 
Study design, size, duration: Over 15 months, men with extremely high DFI in their ejaculates 
(n=36) received a TAC analysis on seminal fluid. Following counseling, men underwent surgical 
sampling, often bilateral, from vas deferens, epididymis, and testis. DFI and clinical outcome were 
recorded and compared for each individual sperm sourcing for men undergoing ICSI. 
Participants/materials, setting, methods: Ejaculates processed in standard fashion were 
assessed for DFI and TAC. Surgical samples minced and smeared for DFI evaluation were 
cryopreserved for later use in ICSI. DNA fragmentation was measured by TUNEL on specimens 
isolated from all sites. TAC was determined by a colorimetric assay on an automated microplate 
reader. 
Main results and the role of chance: In 51 ejaculates the average DFI was 49.8 ± 25.2% (range 
26.0-96.0). In some men (n=13), the DFI had a clear inverse correlation with TAC (P=0.001). In 4 
men aspiration of the vas deferens resulted in 19.3 ± 4.8% DFI (range 15.7-30.0) while in 16 men 
epididymal sampling yielded 19.0 ± 7.0% DFI (range 8.4-33.8) and in 33 the DFI on testicular 
spermatozoa was 13.2 ± 6.7% (range 2.0-27.0). The DFI progressively decreased as we retrieved 
proximally toward the vas deferens (P=0.005), the epididymis (P=0.0001), and testis (P=0.0001). 
ART outcome achieved by ICSI treatment using these surgical sources yielded a clinical pregnancy 
of 34.3%, higher than with the ejaculate at 20.0%. 
Limitations, reason for caution: Patients need to be informed of risks regarding surgery, 
anesthesia, and be aware that even with surgical spermatozoa a pregnancy may not occur. Thus, 
counseling should be conducted since many of these men have spermatozoa in their ejaculate. 
These data are still preliminary that require an evidence-based consensus. 
Wider implications of the findings: The topographic sourcing of spermatozoa from different levels 
of the male genital tract indicates that disruption of DNA integrity, although starting during 
spermiogenesis, may actually suffer the additional effect of oxidative stressors that combined with a 
compromised TAC yield higher DFI in the ejaculate. Couples with recurrent pregnancy failures and 
ejaculated spermatozoa with high DNA fragmentation may benefit from undergoing surgical 
sampling for diagnostic and therapeutic purposes. 
Study funding/competing interest(s): Reproductive Medicine, Weill Cornell Medical College 
Trial registration number: N/A 
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Sperm DNA nicks and breaks are considered 
the culprits for the impaired reproductive capacity 
in natural and assisted conception. Tests for 
sperm DNA integrity have been proposed to 
assess male gamete competence. In addition, 
insight in the antioxidant capacity of human 
semen to i n f l uence spe rm ch roma t i n 
fragmentation has induced us to retrieve the 
spermatozoa from different areas of the male 
genital tract to influence reproductive outcome. 

Surgical specimens retrieved from the testis, 
the epididymis, and vas deferens are depicted in 
Figure 1. Total antioxidant capacity (TAC) was 
assessed using a commercial kit (Antioxidant 
Assay Kit, Cayman Chemical). Cell-void seminal 
fluids were diluted 1:10 with assay buffer before 
assessment.  

Trolox standards and the seminal plasma were 
loaded into each individual well in triplicate. The 
optical density was measured and assessed at 
ΔOD405 using a computerized automatic 
microplate reader. Surgical samples that were 
minced and cryopreserved to be used for ICSI at 
a later time. A portion of the specimen was 
smeared fo r ch roma t i n f r agmen ta t i on 
assessment. DNA fragmentation was measured 
with Terminal Deoxynucleotidyl transferase dUTP 
Nick End Labeling (TUNEL) (In Situ Cell Death 
Detection Kit, Roshe) on specimens isolated from 
all sites. Specimens were fixed with 4% PFA, 
exposed to a permeabilizing solution (0.1% Triton 
X, 0.1% sodium citrate), and incubated at 37oC 
with TUNEL reaction mixture. At least 500 
spermatozoa were evaluated per site under 
fluorescent microscopy with an adopted threshold 
of 15%. ICSI embryological development and 
clinical outcome with ejaculated and surgically 
spermatozoa were assessed and compared.  

Results 
In a larger number of cases, we have 

established that the proportion of sperm 
DNA fragmentation increased with length 
of ejaculatory abstinence and advancing 
male age (Figure 2a,b).  

In some men (n = 22), the DFI had a clear inverse 
correlation with TAC (P = 0.001; Figure 3). In five 
men, aspiration from the vas deferentes resulted in 
spermatozoa with 21.5 ± 7 DFI (range 15.7-34.4) 
while in 21 men with epididymal sampling yielded 
19.3 ± 7.3% DFI (range 8.4-33.8) and in 43, the DFI 
of testicular spermatozoa was 12.9 ± 6.2% (range 
2.0-27.0; Figure 1). Sperm DFI progressively 
decreased as gametes were retrieved proximally 
from the vas deferens (P = 0.005), the epididymis (P 
= 0.0001), and testis (P = 0.0001; Figure 1). 

In couples (n = 11) that used both ejaculates in 22 
cycles and surgically retrieved spermatozoa in 15 
cycles, fertilization was comparable at 58.8% and 
48.8%, respectively. The embryonic cleavage rate 
was higher in the testicular spermatozoa cohort 
(76.6% vs 85.7%, respectively; P < 0.0001). The 
ICSI cycles with testicular spermatozoa also 
reported higher clinical pregnancy (9.1% vs 33.3%) 
and increased implantation rates with TESE (4.4% 
vs 14.3%; P = 0.05; Figure 4).  

Figure 2. DFI and abstinence period (a). DFI and 
paternal age (b).  

Figure 1. Topographic diagram of the male genital tract with DFI of specimen from each surgical site. 
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Table 1. Semen characteristics of ejaculated 
spermatozoa 

 

No. of 
Patients 31 

Samples 51 

Concentration (M x106/ml ± SD) 15.0 ± 18.4 

Motility (M% ± SD) 15.1 ± 16.4 

Morphology (M% ± SD) 1.7  ±  1.1 

SCSA (M% ± SD) 40.6 ± 25.0 

TUNEL (M% ± SD) 32.0 ± 20.9 

In men with high DNA fragmentation, 
including 51 ejaculates (Table I), the 
average DFI was 32.0 ± 20.9 for TUNEL 
and 40.6 ± 25 for SCSA with good 
concordance between the two assays.  

Results (cont'd) 

Figure 3. TAC levels and DNA fragmentation in ejaculated 
specimens. 

Spermatozoal genomic integrity is directly affected by the abstinence period and male age. In 
addition, a compromised TAC of the seminal fluid may not be able to overcome oxidative stressors 
acting on the spermatozoa during their transit through the male genital tract. Men with recurrent 
pregnancy failures presenting with ejaculated spermatozoa with compromised chromatin integrity 
may benefit from undergoing surgical sampling for diagnostic and therapeutic purposes.  

Figure 4. ICSI outcome in couples that used ejaculated 
spermatozoa in one cycle followed by surgical 
sampling. 


