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Assessment of hypo-osmotic swelling test (HOST) of spermatozoa 

supplemented with pentoxifylline (PTX) after preparation by conventional 

layering technique in infertile patients undergoing intra-uterine insemination 

performance 

ببسى خًُس كىحٍ انشكببٍ
 

 عبيش حسٍ عبذ انكبظى انضبُذٌ                                  

 قسى انعهىو انسشَشَت -جبيعت رٌ قبس -كهُت انخًشَض                   قسى عهىو انحُبة -جبيعت رٌ قبس -كهُت انعهىو 

     

انبُخىكسفهٍُ حقُُى فحص كفبءة انغشبء انبلاصيٍ نهُطفت انبششَت ححج انضغظ انخُبفزٌ انىاطئ بإضبفت يبدة 

 ببسخخذاو انُظشَت انطببقُت انبسُطت وحقُُت انخهقُح الاصطُبعٍ داخم انشحى نًشضً انعقى

 انخلاصت:
حهذف انذساست إنً يقبسَت انُسبت انًئىَت نفحص كفبءة انغشبء انبلاصيٍ نهُطفت انبشرشَت ححرج انضرغظ انخُبفرزٌ انرىاطئ بإضربفت  

ذاو انُظشَت انطببقُت انبسُطت وحقُُت انخهقُح الاصرطُبعٍ داخرم انرشحى نًشضرً انعقرى. حرى أو بذوٌ إضبفت يبدة انبُخىكسفهٍُ ببسخخ

يم( يٍ انسبئم انًُرىٌ وبعرذ رنرم حرى 0و5اخز ثلاثىٌ عُُت سبئم يُىٌ وكم عُُت حى حقسًُهب إنً قسًٍُ وكم قسى َحخىٌ عهً )

عُُرت( فبقُرج كًجًىعرت 55أيب انًجًىعرت اخخرشي )عُُت(, 55يم( يٍ يبدة انبُخىكسفهٍُ إنً يجًىعت حخكىٌ يٍ)0و5إضبفت )

سُطشة.حى أجشاء فحص كفبءة غشبء انبلاصيب نهُطفت انبششَت ححج انضغظ انخُبفزٌ انىاطئ قبم وبعذ أجرشاء عًهُرت حُشرُظ انُطر  

(. أٌ Hypo-osmotic solutionيم( يٍ يحهىل الاخخببس)5,0يم( يٍ عُُت انسبئم انًُىٌ يع)0,5خبسج انجسى ورنم بًضج )

فحىصبث كفبءة انُط  وانخٍ حخضرًٍ حشكُرض انُطر , حشكرت انُطر , انحشكرت انخقذيُرت نهُطر , وانُسربت انًئىَرت نف ركبل انُطر  

انسىَت حى حقًُُهب وفقبً إنً يقشساث يُظًت انصحت انعبنًُت. أٌ َسبت انُط  انخٍ حعبٍَ يرٍ اَخفربا انغشربء انبلاصيرٍ نهحرًٍُ فرٍ 

ضُ  نهب يبدة انبُخىكسفهٍُ أعطج اسحفبعبً يعُىَبً عبنُبً يقبسَت بًجًىعت انسرُطشة. َسرخُخم يرٍ خرلال يجًىعت انًعبيهت وانخٍ أ

انذساست انحبنُت ببٌ إضبفت يبدة انبُخىكسفهٍُ إنً وسظ ححضُش انُط  أثُبء أجرشاء عًهُرت انخُشرُظ وببسرخخذاو انُظشَرت انطببقُرت 

ُطفت وَضَذ يٍ قببهُت حصىل الإخصبة بعذ أجشاء حقُُرت انخهقرُح الاصرطُبعٍ انبسُطت ًَكٍ أٌ َحسٍ يسخىي انغشبء انبلاصيٍ نه

 داخم انشحى نهًشضً انًصببٍُ بعىايم يخخهفت نهعقى انزكشٌ.

Abstract:  
The current study was designed to compare the percentage of human sperm hypo-osmotic 

swelling test (HOST) with and without pentoxifylline supplemented for semen samples 

prepared by conventional layering technique by using 1ml of the liquefied semen was layered 

beneath 1ml of IVF culture medium after intra-uterine insemination (IUI) technique. Form 

each infertile male, Thirty normal semen samples were collected by masturbation after 3-5 

days abstinence and allow liquefying at 37ºC in 5% CO2 for 30 minutes and evaluated before 

and after in vitro sperm activation. The final samples were divided into two tubes, each one 

contain 0.5 ml liquefied semen.  Therefore, 0.5 ml pentoxifylline was added into one tube and 

another tube as a control, also hypo-osmotic swelling test (HOST) was evaluated for each 

semen samples.   The hypo-osmotic swelling test (HOST) was performed before and after in 

vitro sperm preparation by mixing 0.1 ml of liquefied semen with 1.0 ml of 150 mOsm/ L NaCl 

as hypo-osmotic solution. The sperm function tests (SFTs) including sperm concentration, 

sperm motility (%), progressive sperm motility (%), and normal sperm morphology (%) were 

evaluated according to World Health Organization (WHO) criteria. The results of the present 

study indicate that the percentage of swollen spermatozoa in pentoxifylline supplemented 

group was significantly higher than the control group (70.80±2.32 vs. 58.75±1.58; P<0.001). It 

was concluded that addition of pentoxifylline to the semen samples prepared by conventional 

layering technique can improve functional integrity of sperm plasma membrane. 
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1. Introduction 
Sperm preparation techniques and in vitro sperm treatment select the highly recovery 

spermatozoa with improved sperm motility, progressive sperm motility, normal sperm 

morphology, and supply a protective environment to maintain the functional capacity for 

successful fertilization potential in spermatozoa depending on the quality of the ejaculate (1). 

Also, the spermatozoa selected by layering technique enhanced sperm penetration results in 

zona free hamster egg by sperm penetration assay. The sperms prepared by conventional 

layering technique give greatest clinical pregnancies for intra-uterine insemination (IUI) than 

other sperm preparation techniques because mono-ovulation induction plus IUI do not give 

better clinical results compared with mono-ovulation induction plus timed vaginal intercourse 

and sperm preparation for IUI could improve toxic factors contained in the abnormal sperm 

hypo-osmotic swelling test( HOS-test) (2).  

The plasma membrane integrity and fertilizing capacity of human spermatozoa can 

enhance by different chemical stimulators and pharmacological substances to stimulate 

human sperm function (3). Pentoxifylline (PTX) is a phosphodiesterase inhibitors of 

methylxanthine derivative, inhibits the breakdown of cyclic adenosine monophosphate 

(cAMP), resulting in increase intracellular levels of cAMP (4). Conversely, an increase 

intracellular level of cAMP through activation of cAMP protein kinase (5) involved in calcium 

ion movement of sperm plasma membrane (6), which itself induces sperm tail protein 

phosphorylation (7) with subsequent increase in sperm motility (8). In addition, Pentoxifylline 

improve acrosome reaction and playing a major role in improved fertilizing ability of human 

spermatozoa. Additionally, Pentoxifylline improves sperm egg binding ability due to increase 

in sperm velocity parameters, straight-line velocity (VSL), and average path velocity (VAP), 

and these parameters are indicators of sperm progressive motility (9). Also, PTX successfully 

used to increase fertilization rates in IVF (10), IUI (11), and as pre-treatment to stimulate 

epididymal and testicular sperm motility for intra-cytoplasmic sperm injection ( ICSI) and in 

vitro fertilization with embryo transfer (IVF-ET) (12). 

The sperm functions tests (SFTs) is an important factors in evaluation of male infertility 

and male reproductive potential (13, 14), including sperm concentration, sperm motility (%), 

normal sperm morphology (%). Sometimes, fertilization occurs despite an abnormal semen 

analysis, or it fails to occur when analysis values are normal. Furthermore, hypo-osmotic 

swelling test measure the functional integrity of sperm plasma membrane (15). However, WHO 

(16) considered the HOS test an optional, additional, and viability test. Conversely, it is easy to 

score and give additional information on the functional integrity of sperm plasma membrane 

(17). In addition, the functional integrity of sperm plasma membrane is an important factor in 

sperm metabolism, capacitation, acrosome reaction, and binding of spermatozoa to the egg 

surface (18, 19). The results of the current study certified that semen samples with sperm HOS-

test supplemented with pentoxifylline give the best clinical pregnancy rate compared with those 

without pentoxifylline for intra-uterine insemination (IUI). 
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2. Subjects, Materials and Methods 
2.1. Subjects 

Thirty semen samples (15 samples with pentoxifylline vs. 15 without pentoxifylline) were 

collected from IVF Institute of Embryo Research and Infertility Treatment/Al-Nahrain 

University between March and May 2006. The mean of age ± S.E.M for infertile subjects 30.05 

± 4.87 years. The ejaculates were collected by masturbation after 3-5 days abstinence and allow 

liquefying at 37ºC in 5% CO2 for 30 minutes. The liquefied semen is then carefully mixed for 

few seconds, and then the specimen was examined in details by microscopic and macroscopic 

examinations including sperm concentration, sperm motility (%), progressive sperm motility 

(%), and normal sperm morphology (%) was examined. WHO criteria for normal semen values 

were applied. 

 

2.2. Sperm preparation for intra-uterine insemination (IUI) technique 

The sperm processing for intra-uterine insemination (IUI) prepared using conventional 

layering technique by mixing 1ml of the liquefied semen was layered beneath a culture medium 

(IVF medium, Medi-cult, Jyllinge, Denmark), after incubation for 30 minute in 5% CO2 at 

37ºC.The supernatant was removed and divided into 2 tubes, 0.5 ml for each tube. One tube 

was mixed with 0.5 mg/ml pentoxifylline (Sigma, St, Louis, USA) and an additional tube 

reserved as a control tube. 

  

2.3. Hypo-osmotic swelling test 

Hypo-osmotic swelling test was performed before and after in vitro sperm preparation by 

mixing 0.1 ml of liquefied semen with 1.0 ml of a 150 mOsm/ L NaCl as a hypo-osmotic solution 

(20). The mixture was incubated for 30 minute at 37 ºC in 5% CO2 in accordance with 

Jeyendran et al. (21). Spermatozoa were examined for typical tail swelling pattern under 

microscope at 400 x magnifications. A total of 100 spermatozoa were accounted in at least ten 

different fields, and sperm tail were classified into seven distinct subtype of coiling in various 

regions. The percentage of HOS-reactive spermatozoa (with coiled and swollen tail) and non-

reactive spermatozoa(with straight or non swollen tails) were calculated; at least 50% of 

swollen spermatozoa were considered normal. 

 

3. Statistical analysis 

Statistical analysis was performed with the SPSS version 12.00 by the Statistical Package for 

Social Sciences Software. The data analysis was done using paired sample t-test to assess the 

statistical differences in the results of SFTs and sperm HOS-test. Mean and standard error of 

mean (S.E.M) obtained from crude data to compare between Pre-and Post-activation for semen 

parameters. P-value < 0.05 was used as a levels of statistically significant. 

 

4. Results 
The results of the present study showed that semen samples supplemented with pentoxifylline 

have hypo-osmotic swelling test (70.80±2.32) more than those without pentoxifylline 

(58.75±1.58) after in vitro sperm activation (Table 1 and 2; respectively). However, it was 

noticed a highly significant (P<0.001) differences in seminal fluid parameters were assessed 

post in vitro sperm activation for semen samples as compared to the pre-activation. Also, the 
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results of the present study indicated that the addition of pentoxifylline to the prepared sperm 

can increase sperm plasma membrane integrity and HOS test scores.   

In the present study, the best results for clinical pregnancy rates (11) were observed for semen 

samples supplemented with pentoxifylline and HOS test more than 50% as compared with 

semen samples without pentoxifylline (5) after in vitro sperm preparation for intra-uterine 

insemination. 

 

 

Table (1): Hypo-osmotic swelling test of semen samples supplemented with pentoxifylline 

in infertile patients* undergoing intra-uterine insemination 

 

 

      

  

 Values are Mean ± S.E.M 

       a: means a highly significant (P<0.001) difference from pre-activation 

       *No. of infertile patients=15 

 

 

 

 

 

 

 

 

 

 

 

Conventional layering technique 
Parameters 

(N=15) 
Post-activation Pre-activation 

29.00±3.58   a 48.33±5.83 
 Sperm Concentration 

(×106 sperm/ml) 

87.13±1.16   a 58.66±2.60 
Sperm  

Motility (%) 

62.40±2.28   a 34.66±2.52 
Progressive sperm  

Motility (%) 

87.33±1.07   a 53.66±2.57 
 Normal Sperm 

morphology (%) 

70.80 ± 2.32 a 49.93 ± 2.20 
Sperm HOS test 

 score 
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Table (2): Hypo-osmotic swelling test of semen samples without pentoxifylline 

supplemented in infertile patients* undergoing intra-uterine insemination. 

 

     

  Values are Mean ± S.E.M 

       a: means a highly significance (P<0.001) different from pre-activation 

       *No. of infertile patients=15 

 

Discussion 
The defective energy metabolism of the spermatozoa is a potential cause of male infertility, 

the use of motility stimulating substances to improve sperm motility, motion 

characteristics, and therefore fertilization rates appeared reasonable (22). However, sperm 

plasma membrane activity and motility significantly increase after stimulation with 

methylxanthine group due to augmented glycolysis and fructolysis (23). The initiation of 

sperm motility, hyperactivation, and capacitation are modulated by an interaction of 

intracellular Ca+2 levels and cAMP levels (24). In the absence of pentoxifylline, the cAMP 

levels remained unchanges and correlated only with hypermotility and amplitude of lateral 

head displacement of the spermatozoa. However, cAMP is believed to be stimulate a 

cAMP-dependent kinase, which itself induces sperm tail protein phosphorylation with 

subsequent increase in sperm motility. Furthermore, cAMP is intimately involved as a 

second messenger in the induction of acrosome reaction (25).  

The human sperm plasma membrane is useful in assessing male infertility in addition to 

sperm motility. Tournaye et al. (26) assessed that concentration of ATP determinate the 

frequency of tail beat, and the decrease in intracellular cAMP levels due to ATP tiredness 

lead to decrease in sperm motility. Additionally, Gradil et al. (27) reported that 

pentoxifylline improves sperm egg binding ability due to an increase in sperm velocity. 

Therefore, it has been shown that cAMP also involved in the control of the acrosome 

Conventional layering technique 
Parameters 

(N=15) 
Post-activation Pre-activation 

22.75±3.65   a 40.35±6.31 
 Sperm Concentration 

(×106 sperm/ml) 

76.60±2.07   a 51.00±2.55 
Sperm  

Motility (%) 

54.85±1.43   a 31.90±1.66 
Progressive sperm  

Motility (%) 

80.25±2.09   a 44.50±3.20 
 Normal Sperm 

morphology (%) 

58.75 ± 1.58 a 40.50 ± 1.64 
Sperm HOS test 

 score 
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reaction and play a major role in improved fertilizing ability after addition of 

pentoxifylline to prepared semen samples for intra-uterine insemination (IUI) techniques. 

The plasma membrane integrity and HOS test score is also useful in the evaluation of 

fertilization potential of human spermatozoa (28). Tash et al (29) reported the effect of 

pentoxifylline on membrane functional integrity of mouse spermatozoa and found that 

there was a positive correlation between percentage of tail swelling and motile 

spermatozoa. Also, Pentoxifylline (PTX) enhanced plasma membrane integrity and 

motility of fresh and cryopreserved of human spermatozoa post-thaw, not improvement 

was found by freezing sperm with Pentoxifylline (30). In contrast, Pentoxifylline has been 

used successfully to increase fertilization rates after IVF-ET and as pre-treatment to 

stimulate epididymal and testicular sperm motility for intracytoplasmic sperm injection 

(ICSI). In the present study we found that the percentage of swollen spermatozoa in semen 

samples supplemented with Pentoxifylline was significantly (P<0.001) higher than those 

without Pentoxifylline. Moreover, Pentoxifylline could increase the fertilizing capacity for 

infertile patients for  human spermatozoa (31). Tournaye et al. (32) indicated that the 

addition of Pentoxifylline during preparation of semen samples for intra-uterine 

insemination could improve pregnancy rates as compared with semen samples without 

addition of Pentoxifylline (33). 
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