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Abstract

Tebufenozoideis a widely used insecticide in agriculture specially against lepidopteron, 

but their effects in the male reproductive tract are scarcely known. Hence, thepresent 

study has evaluated the effects o f tebufenozoidehuman sperm function in viYro.Human 

sperm were incubated with equivalent doses o f 0 (control; BWW medium), 1.25 (low  

dose), 2.5 (mid dose), 5 (high dose) pg/ml and total motility and sperm viability was 

evaluated. Similarly, sperm capacitation, acrosome reaction and sperm DNA damage 

was examined.Result showed significant decliningof total spermmotility atall 

doses(1.25pg/ml: by 33.7%;2.5pg/ml by 36.4%; 5 pg/ml: 36.3%) and sperm viability 

was reduced significantly only at the highest dose by 46.2%. DNA damages were 

significantly increased by 164.8% with 1.25pg/ml dose, by 326.9% with 2.5 pg/ml dose 

and by 357.9% with 5pg/ml dose.Percentage o f capacitated spermatozoa were affected 

at all dose levels (by 20.6%: low dose; 45.5%: mid dose and 58.0%: high dose), but 

acrosome reaction was impaired only at the highest dose (36.6%). th e  observations 

suggest that exposure to tebufenozoideand its accumulation in the seminal plasma 

mayincrease the risk o f infertility.

KEYWORDS: Tebufenozoide, growth hormone regulator, reproductive toxicant, sperm 

function
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1. Introduction

U se o f  environm ental chem icals have increased as a  consequence o f  efforts to  m eet 

increase food dem and. Pesticides are potentially  hazards to  individuals involved in 

m anufacture, form ulation and applications in the  field  (Sankoh et al., 2016). D ue to 

increase use o f  pesticides, there has been a  substantial increase in the num ber o f  

pesticides in the environm ent (Sharm a et al. 2005). S tudies have show n tha t increase 

usage o f  m an-m ade chem icals resu lt in destructive reproductive function in 

anim als(Peiris e t al. 1995 and Peiris-John &  W ickrem asinghe, 2008)and in hum ans 

(S kakkebaek et al., 2006).It is know n that chem ical com pounds binds to  receptors and 

acts e ither as an agonist o r an tagonist (Luconi e t al., 2001) and could induce D NA 

dam ages in hum an sperm atozoa (K udavidanage and  JPeiris, 2016).

'  < ~ \

T ebufenozoide(trade nam e m im ic 20F)is a  w idely  used insecticides in Sri Lanka. It is an 

insecticide w hich, acts as a horm one tha t induces m etam orphosis o f  insect larvae 

(D harm adasa et al., 2008).A n association betw een expose to  insecticides and 

reproductive d isorders such as infertility, birth  defect, adverse pregnancy outcom es and 

perinatal deaths has been show n by  several au thors (Peiris and M oore 2001a, Peiris and 

M oore 2001b, R atnasooriya et al. 1996).Pesticides are know n to influence the gonads 

and  to  cause abnorm al sem en param eters w ith decreased sperm  concentration (Perry et 

al., 2007), decreased sperm  volum e and decreased sperm  counts (R ecio-V ega e t al., 

2008).O nce sperm atozoa are produced in the  testes, they undergo m aturation in the 

epididym is. U pon ejaculation, in the fem ale reproductive tract, sperm atozoa undergo a 

process know n as capacitation. T o penetrate  the  egg zona pelucida, the sperm  releases 

its enzym e via a  process know n as acrosom e reaction. A ny disturbances in any o f  these 

processes w ill im pair sperm  function.

A lthough effects o f  these pesticides on o ther anim als w ere recorded the effects on 

hum an is lim ited. H ence the present aim ed to  determ ine the effects o f  tebufenozoideon 

sperm  m otility , sperm  v itality  sperm  capacity  and acrosom e reaction in vitro.

2. Materials and methods

2.1 Test material

U nform ulated  tebufenozoide(m im ic 20F, purity: 99.0% ) was obtained from  H ay lee’s 

A gricu lture L td., C olom bo, Sri Lanka.
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2.2Semen collection and preparation

Sem en sam ples w ere collected  from  healthy m ale (age 20 - 28 years) donors from  

U niversity  o f  Sri Jayew ardenepura, Sri L anka in a  sterile specim en vial. P rior to  sem en 

collection donors w ere given an inform ation sheet and a consent form  seeking their 

w illingness to partic ipate in the study. A ll partic ipating  subjects w ere asked  to  abstain 

from  any  sexual activ ity  fo r 3 to  5 days before sem en collection. A fter liquefaction at 

37  C  fo r 30  m in, sem en quality  param eters w ere m easured (n -9 )  accord ing  to  W orld 

H ealth  O rganization guidelines (W H O , 2010. O nly ejaculates from  healthy volunteers 

w ith  norm al param eters (sperm  concentration >  40 x  106 sperm atozoa/m l, total sperm  

m otility  >  50% , norm al sperm  m orphology >  50% ) w ere included in th is study. E thical 

approval w as ob tained  by E thics R eview  C om m ittee, Faculty o f  M edical Sciences, 

U niversity  o f  Sri Jayew ardenepura, N ugegoda, Sri L anka

23Experimental design

T he doses w ere selected according to  the field  recom m ended dosefo r tebufenozoide. 

T he L D 50 values o f  field  recom m ended doses w ere selected the h ighest dose levels 

w hile one h a lf  o f  and  one fourth  o f  the LD50 values w ere taken as m id  and the low est 

dose levels respectively . H ow ever, to  com pare the toxicity  o f  tebufenozoide, the sam e 

dosage (low  dose: 1.25pg/m l, m id  dose: 2 .5pg/m l and high dose: 5pg/m l) w ere used for 

the study. A ll the insecticides are read ily  d issolved in w ater and hence,B iggers W hitten 

W hittingham  (B W W ) m edia w as taken as the control. Sperm  suspensions (fixed to  40 * 

106 sperm atozoa/m l) w ere placed in E ppendorf tubes and desired volum e o f  either 

isotonic saline o r test so lution w ere added (final volum e o f  the tube is equal to  1 m l).

2.4Assessment of total sperm motility

Sam ples w ere m ixed  w ith  d ifferent concentrations (1 .25pg/m l, 2 .5pg /m l, 5pg/m l) o f  

tebufenozo ideor B W W  (control) and sperm  suspensions w ere then  incubated in a 

hum idified  incubator (Sanyo E lectric Co. Ltd, Japan) at 37°C  in 5%  CCLfor 4h. 

Subsequently ,to tal percentage m otile sperm atozoa (W H O , 2010) w ere estim ated (by 

counting  approxim ately  100 cells)under O lym pus m icroscope w ith phase contrast optics 

(X  400; O lym pus C orporation, Japan).
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2.5 Assessment of sperm viability

The v iab ility  o f  sperm atozoa o f  treated  w ith d ifferen t doses o f  tebufenozoide (n=6) and 

the control w ere assessed using Eosin Y  stain technique (W H O , 2010) upon incubation 

for 4  h. Sperm atozoa w ith  red  o r p ink  co louration in their head regions w as classified  as 

‘dead ’ and those appearing w hite o r light p ink  w ere classified as ‘live’ and  percentage 

v itality  w as calculated. Percentage vitality  =  (total num ber o f  cells - num ber stained/ 

total num ber o f  cells) X  100. Total num ber o f  cells =  100.

2.6Assessment of sperm capacitation

Tw o hundred p i o fB W W  m edium  w as placed a t the  center o f  a  glass Petri dish and 

covered w ith  liquid paraffin  oil (B D H  C hem ical L td., Poole, UK). Subsequently , 100 pi 

o f  sperm  suspension w as added to  the B W W  m edium  in the petri dish and m ixed w ell. 

E ither 100 p i o f  d ifferen t doses o f  tebufenozoide (50, 100, 200 p g /m l) o r BW W  

(control) Were added to  the B W W  m edium  in a Petri dish (n=6). These w ere incubated 

at 37 °C  for 3h in 5%  C 0 2 and  95%  0 2. Subsequently  10 p i o f  each o f  these sperm  

suspensions w as transferred  on  to  a  w arm  glass slide at 37 °C and w as exam ined using 

phase contrast m icroscope (O lym pus Corporation,. Japan) at 100 m agnifications. Then 

the num ber o f  h y p e rac tiv a ted  sperm s and to tally  im m otile sperm s w ere recorded (at 

least 100 sperm atozoa per suspension). A  sperm atozoon w as considered to  be hyper 

activated  i f  it follow ed a nonlinear sw im m ing w ith  vigorous tail m ovem ent and m arked 

lateral excursions o f  head.

2.7Assessment of acrosome reaction

Sperm  ability  to  undergo acrosom e reaction w as determ ined according to  the m ethod 

described  by  G uptha et al. (1993). B riefly, the acrosom e reaction w as induced by 

incubating sperm atozoa w ith  calcium  iom ophore A 23187w ith th ree doses o f  

tebufenozoide and the control (n=6). A fter 3 h  incubation at 37 °C for 3h in 5%  C O 2 

incubator, sperm  sam ples w ere centrifuged and acrosom al status w ere determ ined using 

fluoresceinated P isum  sativum  agglutin in . Sperm  sm ears w ere prepared by  placing  1 Oul 

o f  each sperm  suspension on  cleaned m icroscopic slides and acrosom e reacted 

sperm atozoa w ere determ ined under a  fluorescent m icroscope (O lym pus C orporation, 

Japan) w ith  excitation o f  490 nm  by counting  100 sperm atozoa in 3 m icroscopic fields.
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A  sperm atozoon is considered to  be acrosom e reacted  i f  initial fusion phase o r loss o f  

acrosom al c o n ten tw a s  observed.

2.8 Determination of DNA damage in spermatozoa

Sperm atozoa incubated w ith  respective doses o f  tebufenozoide and the control (B W W ) 

fo r 1 h w ere used (n=6) fo r assessm ent o f  D N A  dam age. Sperm  sm ears w ere prepared 

on cleaned m icroscopic slides fo r both  treated  and control sam ples and a ir dried for 5 

m inutes. T he sm ears w ere fixed  in C am o y ’s solution for at least 3h. S lides w ere w ashed 

w ith  d istilled  w ater, air-dried  and stained w ith acrid ine orange for five m inutes. Sm ears 

w ere evaluated w ith  the aid o f  fluorescent m icroscope (O lym pus C orporation, Japan) 

w ith  excitation o f  490 nm . H undred sperm  from  each staining protocol w ere scored and 

graded. A ll sperm  exhibiting  yellow  to red  co lour w as scored as denatured D N A  and 

sperm  exhib iting  green co lour w as scored as norm al D N A (Tajeda et al. 1994).

2.9 Statistical analysis

Statistical analysis w as perform ed w ith  T w o-w ay analysis o f  variance (A N O V A ) using 

M initab  softw are package (M initab  C o., U SA ) for the  m ain effect o f  pesticides. W here a 

significant treatm ent effect w as found, differences am ong individual group m eans w ere 

tested  by“ Tukey 95%  ’’.The data  are expressed as m ean ±  SD. T he p  value w as set to 

PcO .05,

3 Results

3.1 Effects on sperm motility

A ccording to  figure 1, tebufenozoidesignificantly  (P<0.01) decreased the m otility  at all 

dose levels respectively  by 33.7% , 36 .4%  and 46 .3%  at 1.25, 2.5 and 5 pg/m l.

3 2  Sperm viability

T hough sperm  v iability  w as decreased (figure 2 ) in sperm atozoa treated  w ith 2.5 and 5 

pg /m l doses o f  tebufenozoide, a  significant (P<0.05) reduction o f  sperm  viab ility  (by 

46.2 % )w as recorded  only  in the h ighest dose.
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3 3  Effects on DNA damage in spermatozoa

P ercentage o f  D N A  dam aged sperm atozoa count w as increased at all tebufenozoide 

treated  doses. T he percentages o f  dam ages w ere significantly  (p<0.05) increased by 

164.8%  w ith  the low est dose, by  326.9%  and significantly  increased (p<0.01) at the m id 

dose and by 357.9%  at the  h ighest dose.R esults are sum m arized in T able I.

3.4 Effects on sperm capacitation and sperm acrosome reaction

H um an sperm  incubated in  viYrowith tebufenozoideelicited  significant (p<0.05) effects 

on sperm  capacitation a t all dose levels (by 20.6% : low  dose; 45.5% : m id dose and 

58.0% : h igh  dose). A crosom e reactionw as im paired only at the h ighest dose (36.6% ). 

R esults are sum m arized in T able 1.

4 Discussion

R esults ob tained  from  the p resen t study indicated th a t tebufenozoidecould  exert 

significant effect on hum an sperm  in vitro. S im ilar results w ere observed  w ith 

chlorinated  hydrocarbon (Pflieger-B russ& SchiU  2010), m ethoam idophos (Peiris e t al., 

1995) andJudo 40 (K udavidanage and P eiris, 2016). In the present study, sperm  m otility  

w as reduced in all dose leve lso f tebufenozoide treated  hum an sperm s. C hanges in 

m itochondrial m em brane potential by  differen t pesticides can result (P an t et al. 2014) 

and  oxidative stress induced b y  organophosphorus pesticides (L ukaszew icz-H ussain  

2010) could  dam age m itochondrial m em brane todecrease the production o f  A T P thus 

affecting  the m otility  (W ang et al. 2003).D isulfide bonds in the tail are vital fo r rigidity 

o f  sperm atozoa tail that is essential for progressive m otility  and oxidation o f  disulfide 

bonds could  result in loss o f  sperm  m otility  (B uffon et al. 2012). Further, acridine 

orange tes t revealed tha t tebufenozoide could  alter integrity o f  the sperm  head at both 

dose levels and hence it is possib le tha t the sam e alteration could be observed  in the 

d isu lfide bonds o f  the tail resulting  im paired m otility.

R eactive oxygen species could  cause m em brane dam age resulting in continuous 

decrease in sperm  m otility  and  v ita lity  after ejaculation (C alam era et al., 

2001).T ebufenozoide have been show n to  cause oxidative dam ages (C arter e t al., 2001) 

resu lting  in reduction  o f  sperm  m otility , and viability .T he V iability is the proportion o f  

live sperm atozoa determ ined by the evaluation o f  cellu lar and o r m em brane integrity
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(Rao, 2006). V itality  o f  sperm is associated  w ith  intact, functional and 

sem iperm eablep lasm a m em branes (M andani e t a l., 2013). D isruption o f  D N A  occurs 

m ainly though the oxidation o f  disulfide bonds. It has been reported that high levels o f  

R O S m ediate the oxidation  o f  d isulfide bonds, w hich are com m only observed in the 

sperm atozoa o f  infertile m en (A itken and K rausz 2001). Furtherm ore, it has been show n 

that pesticides are know n to  generate R O S thus producing D N A  dam age observed in the 

present study  (Choi et al. 2015). D am age to  d isulfide bonds in the tail could  also  lead to 

reduction  in capac'itation, w hich observed  in the present study. H yperactivation is in an 

indication o f  sperm  com pletion  o f  capacitation  and ,is.essen tia l fo r penetration through 

the cum ulus m ass and zona pellucida (Peiris and M oore, 2001a). A crosom e reaction is 

essential for successful penetration o f  the zona pellucida (F lesch and G adella, 2000) and 

tebufenozoide interfered w ith  acrosom e reaction. Tebufenozoide could  a lter calcium  ion 

concentrations, thus affecting  spontaneously  induced hum an sperm atozoa acrosom e 

reaction (Luconi et al., 2001). P lasm a m em brane o f  sperm  contains high levels o f  po ly 

unsaturated  fatty  acids, w hieh m ake sperm atozoa susceptible to  oxidative dam age 

(G ravance et al. 2003). H ence alteration observed  in the acrosom e reacted  sperm atozoa 

probably  due to  m em brane changes exerted  by  th e  insecticide (A itken and K rauz, 2001).

5 Conclusion

From  th e  results, it can be concluded that hum an sperm  functions w ere decreased w ith 

exposure o f  tebufenozoide. W ith  longer exposure to tebufenozoide, the risk  o f  infertility 

m ay increase.
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Figure 1: T he effects o f  d ifferent doses o f  tebufenozoide (1.25 pg/m l; 2.5 pg /m l and 5 

pg /m l) o r B W W  (control) on sperm  m otility . R esults are presented as m ean ±  SE M ean 

(n=6). **P <  0.01 significantly  d ifferen t from  control.
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Figure 2 :E ffects o f  d ifferen t concentrations o f  tebufenozoide (1.25 pg/m l, 2.5 pg/m l and 

5 pg /m l)andB W W  (control). R esults are presen ted  as m ean ±  SE M ean (n=9). *P < 

0.05, significantly  d ifferen t from  control.

T a b le  I.E ffects o f  tebufenozoide on hum an sperm  D N A  dam age, capacitation and

acrosom e reaction

P a ra m e te rs C o n tro l T re a tm e n t

(B W W ) (T ebufenozo ide)

-f 1 2 5 2.5 5

D N A  dam aged 

sperm atozoa (% )

' 14.5±0.03 38.4±0.04* 61.9+0.25** 80.9±1.15**

C apacitated  

sperm atozoa (% )

68.6±0.94 54.5+0.65* 37.4+0.89** 28.8+1.0**

A crosom e reacted 80.9±0.02 70.8+0.56 71.6+0.47 51.3±0.91**

sperm atozoa (% )

T he data are g iven as m ean  ±  SEM  (n=6). V alues are statistically  significant at *p<0.05, 

** p  <  0.01. C ontrol group w as treated  w ith  B W W  w hile treated  groupsincluded 1.25,

2.5 &  5 pg /m l o f  tebufenozoide.
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