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= 국문초록 =

당뇨병은 생식내분비 조직의 구조나 기능 변화를 유발하여 호르몬 합성 및 분비량의 변화를 야기하

고, 정자의 운동성 등에 영향을 미치는 것으로 알려져 왔다. 그러나 부정소와 수정관내 정자의 농도 변

화나 수정능력 획득 및 첨체반응에 미치는 영향은 잘 알려져 있지 않다. 본 실험에서는 W ist ar 쥐에

str eptozot ocin을 투여하여 당뇨병을 유발시킨 후 3일과 14일에 부정소 각 부위와 수정관내 정자 농도

변화를 조사하고 부정소 꼬리와 수정관내 정자의 첨체반응 유도 실험 (acrosom e react ion to ion ophore

ch allen ge t est , ARIC t est )을 이용하여 정자의 수정능력을 평가하였다. St r ept ozotocin을 주사한 후 혈액

내 인슐린 및 포도당 농도는 당뇨병 경과 기간이 길어짐에 따라 반비례 관계를 보였다. 부정소 머리와

몸통내 정자의 농도는 3일군에서부터 감소하기 시작하나 꼬리에서는 14일군 (15.2±2.1)에서 대조군 (28.1

±4.0)이나 3일군에 (24.8±2.9) 비해 유의하게 감소하였다. 수정관내 정자 농도는 14일군이 0.025±0.013으

로 대조군과 (0.108±0.03) 3일군에 (0.067±0.046) 비해 유의하게 감소하였으며, 3일군도 대조군에 비해

유의한 차이를 보였다. 자발적 첨체반응율은 대조군의 부정소 꼬리 정자는 37.1±2.4이고 수정관내 정자

는 49.3±2.4로 두 부위간 유의한 차이를 보였다. 3일군과 14일군의 부정소 꼬리와 수정관내 정자의 자

발적 첨체반응율은 대조군에 비해 유의하게 증가하였다. 한편 14일군의 수정관내 정자의 자발적 첨체반

응율은 대조군이나 3일군에 비해 유의하게 증가하였다. ARIC (acrosom e react ion t o ionophore

ch allen ge) t est 결과 대조군과 3일군에서는 20% 이상 차이를 보였으나 14일군에서는 약 8.4% 차이를

보였다. 위의 결과가 부정소의 성숙 조절기능 이상 또는 정자형성 이상에 기인한 것인지는 더 연구되어

야 하나 당뇨병 병력이 길어짐에 따라 정자의 수적인 감소, 자발적 첨체반응의 증가나 첨체반응의 약화



가 유발되어 생식능력의 감소 원인으로 작용하는 것으로 사료된다.

- - - - - - - - - - - - - - - - - - - - - - - - - -
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Intro du c tion

Diabet es leads t o m et abolic abn orm alit ies inv olving regulat ion of carbohy drat e m et abolism , and

these abnorm ality produ ce pathological chan ges in a v ariety of organ sy st em s . It has t w o types ,

in sulin - dependent diabet es (type 1) are believ ed t o h av e a gen et ic predisposit ion activ at ed by

environm ent al ev ent s , w hich result s in an aut oim mune react ion t o B - cell populat ion . T he

path og enesis of n onin sulin - depen dent diabet ics (type 2) is les s under st ood, but it is th ou ght th at

in sulin r esist ance precedes the disea se. T he studies r esult s about diabet es upon m ale reproduction

are incon sist ent an d n on specific. M ost of the at t ent ion an d inform at ion concernin g sex u al fun ction in

the m ale diabet ic has ov erw helm in gly been focu sed upon the diagnosis in ciden ce, et iology ,

therapeut ic in terv ent ion of im potence, an d histology of endocrinological org an s (Ali e t al., 1993;

Cohen e t al., 1984; Dinulovic & Radonjic, 1990; Dun sm uir & H olm es , 1996; F aerm an e t al., 1972;

Garcia - Diez e t al., 1991).

Am on g th e fact or s of the fertilization , the epididym al m aturat ion an d capacit at ion of the

sperm at ozoa are th e one fact or of m ale reproduct ion . T he testicular sperm at ozoa are st ill imm ature

an d incapable of effectiv e forw ard m otility and lack the ability to fert ilize oocytes . Sperm at ozoa

acquir e th ese fert ilizing ability as they pass throu gh the epididym is . T he capacit at ed sperm at ozoa

can bind to th e recept or s on the zona pellucida (ZP ), and th en acrosom e reaction (AR ) is in duced by

that . T hrou gh these ev ent s , th e sperm atozoa pen etr at e the ZP , fu se w ith oolem m a, an d form a m ale

or fem ale pronucleu s . T he sperm atozoa w hich ha s un com plet ed acrosom e reaction , can ' t bin d

com pletely the recept or s on the ZP , so can ' t accom plish th e fertilization . Also a acrosom e- react ed

sperm at ozoa loss the lig an ds , so cann ot at ten d th e fert ilization (P arinaud e t al ., 1995). T he findin g

that the AR m u st be precisely t im ed w ith respect t o sperm at ozoa - zon a pellu cida int er act ion t o

en sure zona pellucida penetr at ion w as behin d the dev elopm ent of the AR t o ionoph ore (Av rech e t

al., 1997; Long e t al., 1996; Holt e t al., 1997).

Cauda epididymis has the great m ajority of sperm at ozoa at t ain their fu ll fer tilizin g potent ial an d

h as th e st orag e funct ion . T he v as deferen s h as th e funct ion of the ab sorpt ion of the old

sperm at ozoa (Eddy & O 'Brien , 1994). T he concentr ation of the cau da sperm atozoa con cern ed the

capability of r eprodu ct ion of an in dividu al. T herefore, in th e experim ental anim al m odel, the decrease

of the cauda epididym al sperm atozoa is on e of th e crit er ia of fer t ility .

Diabet es m ellitu s h as been kn ow n to alter the charact er istics of sem en , m otility , m orphology an d

concentr at ion , but the result s ar e st ill controv er sial (Bartük e t al., 1975; Rubin , 1962). How ev er the

ch ang e in sperm at ozoa phy siology as w ell as epididym al sperm t ozoa st orag e under diabet ic con dition

w as n ot alm ost stu died . T his inv est ig ation w as conducted t o v erify th e ch ang es in epididym al



sperm at ozoa con centr at ion and acrosom al r eact ion ch aract er istics of ST Z- in du ced diabet es W istar

r at .

M at erial s an d M et h o ds

1 . E x p erim e nt al A nim al s

A dult (12 w eek s old ) W istar m ale rat s w ere m aint ained w ith food and w at er ad libitum in a

environm ent controlled rearing sy st em w ith 12L :12D cy cle. And the rat s m aintain ed w ell in the

stan dard con dit ion , t em perature (20 - 22℃), and hum idity (50% ) in A san In st itut e for Life S cien ce

(S eoul, Korea ).

2 . In du c tion of D iab et e s M e ll itu s

Diabet es w as indu ced w ith ST Z (70m g/ kg ) w hich w as solv ed at 1 m L cit r at e buffer solut ion (pH

4.5) an d inject ed t o in tr aperit onium . Ex perim ent al anim als w ere sacrificed at 3 day s an d 14 day s

respect iv ely . T o confiden ce th e indu ction of diab etes , concentr at ion of urin e glu cose w a s m ea sured

w ith Combur urin e t est st r ip . T h e blood glu cose con centr at ion w as m easured w ith Glu cose analy zer

(Beckm an M odel 6517, USA ) and th e con centr at ion of in sulin in blood w a s m easured w ith radio

im muno- assay kit (Lin co ' s r at in sulin RIA kit , RI- 13K ). T he n on e induced anim als w ere discarded

in this ex am in ation .

3 . P reparat ion , Coun t , an d Capa c ita tion of s perm at o z oa

Ex perim ent al anim als w ere an esthet ized w ith ether and then blood w ere collected from the left

at r ium , an d isolated the epididym is and v as deferen s . T he adipose tis su e and blood w as rem ov ed

from th at w ithin PBS . Un der the dis secting m icroscope, epididym is w ere separated to caput , corpu s ,

an d cauda epididym is and v as deferen s . E ach part w as locat ed at th e 24 w ell cultur e dish , an d then

w as scis sored sev eral t im es and then added 2 mL 0.4% BSA BW W m edium , and sam ples w ere

incubat ed for 20 m in at room temperature. T he sperm atozoa con centr at ion s w ere m easured w ith

M ak er ch am ber aft er m ix ed w ell. T he in cub ation for sperm atozoa in m edium BW W last ed 5 h , the

t im e requir ed for the in vitro capacit at ion of r at sperm at ozoa (Oberländer e t al., 1996) at 37℃, 5%

CO2 , an d 100% hum idity .

4 . A cro s om e R e ac tion T e s t

T h e procedures u sed t o calcium ion ophore A 23187 challeng e, lect in staining and categ orization of

staining pat t ern s w ere u sed for acrosom e react ion t est , as prev iou sly describ ed (Cheon et al., 1998).

Briefly , Calcium ion ophore A 23187 (Sigm a, St . Louis , M O, U SA ) w as prepared as 5 m m ol/ L st ock in

dim ethyl sulfox ide (DM S O ). Before u se, st ock w a s dilu ted w ith protein - fr ee H am ' s F - 10, g iv ing a

fin al ion ophore concentr ation of 10um ol/ L . F or each ion ophore ch alleng e, sperm su spen sion w ith 1 x

106 m otile sperm/ m L w as u sed. After 30 m in in cubat ion in CO2 incubat or (5% CO2 , 37℃, 100%



hum idity ), an d th e sperm pellet w as resu spen ded in 50ul ab solut e ethanol at 4℃. T he sperm at ozoa

w ere fix ed for at least 30 m in at 4℃ before stain in g .

F or staining of slides , st ock solut ion of fluorescein isothiocy anat e (F IT C)- conjug at ed P isum

S at ivum lect in (P SA : Sigm a ) w as dilut ed 1 to 10 w ith ultr apure w at er an d kept in the dark at 4℃.

Each slide w as cov ered w ith a 20ul drop of F IT C- P SA (100ug/ m L ) an d placed in a dark hum idified

ch am ber at 4℃ for 15 m in . Ex cess st ain w as rem ov ed by ult r apure w ater an d allow in g t o dry in

dark ch am ber . T hen th e st aining pat t ern s w ere ob serv ed w ith fuorolescen ce m icroscope (Olim pu s ,

BX 70). T he difference bet w een the t w o (ion oph ore m inu s spontan eou s ) w as con sidered to be the

percent ag e of sperm in the populat ion capable of r esponding t o ion ophore

5 . S tati s t i c al A n aly s i s

Dat a w ere ex am ined u sin g Ex el (v er sion 7.0). W here appropriate, n onpair ed t - t est s w ere u sed t o

com pare sample m ean s bet w een ex perim ent al group s .

Re s u lt s

1 . Con c en tration of P la s m a Glu c o s e an d In s u lin

T h e con centr at ion of plasm a glu cose w as increa sed in proportion to durat ion of diabetes com pared

t o control a s show n F ig . 1. How ev er the con centr at ion of in sulin in plasm a w as decreased sh ow ing

inv er se proport ion t o the concentr ation of glucose (F ig . 2).

2 . Ch an g e s of s p erm at oz o a c on c en trat ion

Caput epididym is an d v a s deferen s sperm at ozoa con centr at ion w ere significant ly decreased as the

lon ger an d long er th e durat ion of diabet es . S o th at th e differ en ce betw een control and 14 day and 3

day w as significance , an d the difference bet w een th e 3 day s and 14 day s w as significance, also

(T able 1). In corpu s epididym is of diabet es r at , the con centr aiton w as significant ly decreased

com pared t o control, but there w as no significance betw een 3 day s and 14 day s (T able 1). T he

sperm at ozoa concentr ation of cau da epididym is w as n ot significantly chan ged 3 day s post diabet es

induction , but th ere w as significant decrease at the 14 day s (T able 1).

S o to speak , in the diabet es - induced rat , the sperm atozoa con centr at ion w as fir st ly decrea sed at

the caput an d corpu s , but n ot decreased cauda . H ow ev er , w ith the lapse of diabetes durat ion , the

decrease of sperm at ozoa concentration w as sh ow ed in epididym is an d v as deferen s , either (T able 1).

3 . Ch arac te ri s t i c s of A cro s om e R e a ct ion

It is r eport ed that the spont aneou s acrosom e react ion rat e is about 30% , but as sh ow ing table 2,

the spont aneou s acrosom e reaction rat e w as v ariable w ith posit ion . T he spont aneou s acrosom e

reaction rate of cauda epididym al sperm atozoa at th e control w as 37.1±2.4. On the oth er han d,

spont aneou s react ion rat e of v a s deferen s w a s 49.3±2.4 w hich show ed significantly high er th an of



cauda epididym al sperm at ozoa (T able 2). In 3 day s group, spontaneou s react ion rat es of cauda

epididym al and v as deferen s sperm at ozoa w ere 46.9±3.5 and 55.9±7.0 respectiv ely , show ed

significantly difference bet w een th em . T h ese rat es had significant differ ence compared to the control

group (T able 2). In 14 day s group, spontan eou s react ion rat es of cau da epididym al an d v a s deferen s

w ere 64.2±4.5 an d 60.1±0.4 show ed significan ce. Com pared w ith control an d 3 day s group, those had

significan ce (T able 2). Spont an eou s rat e w as significant ly in creased w ith durat ion of diabet es in

cauda epididym is and v as deferen s but the w idth of r ate bet w een t w o part w as decreased w ith

durat ion of diabet es (T able 2).

W hen th e acrosom e reaction w as induced w ith calcium ion ophore at each experim ental groups , the

result s as follow ed. T he induced react ion rat es of cau da epididym is and v as deferen s at control

w ere 66.8±6.7 an d 63.5±5.5 respectiv ely w hich show ed n o significance, but those rates w ere

significantly higher than spont an eou s rat e in control (T able 2). In 3 day s group , the indu ced reaction

rat es of cau da epididym is and v as deferen s w ere 69.0±3.5 and 62.6±4.9 respect iv ely w hich sh ow ed

significant differ ence. Com pared t o control of 3 day s , there w as a significant difference (T able 2).

T he induced reaction rate of cau da epididym is at 14 day s group w as significant ly higher than 14

day s control, but in v as deferen s th ere w as no differ en ce b etw een control and react ion rate. T he

differ ence of in du ced react ion rat es bet w een cauda an d v a s deferen s had significance (T able 2).

D i s cu s s ion

T h e relation ship b etw een diabet es and m ale reprodu ctiv e abnorm ality h as b een studied u sing

cong enit al or induced w ith ch em icals su ch as ST Z diab etes (Murray e t al., 1983; P az e t al., 1980).

T he structural or funct ion al ch ang es of testis or endocrine organ s h as been report ed in diabet es

m ellitu s pat ient s , but th e result s is controv er sy (S ext on & Jarow , 1997) becau se of the v ariou s

ex perim ent al groups especially by the durat ion an d m edical t r eatm ent s .

S em en an aly sis accordin g t o their ag es an d durat ion of th e disease has sh ow n that the v olum e of

ej aculat e w as decreased in the group of y oun ger patient s w ith lon ger durat ion of th e disease. In the

oth er groups , the v olum e of ejaculate w as alm ost unaffect ed . In the type I pat ient s , the num ber and

m otility of sperm at ozoa progressiv ely decreased (Dinulovic & Radojic , 1990). In the ST Z- in du ced

diabet ic Zu cker r at , the concentr ation of sperm at ozoa at epididym is an d v as deferen s w as decreased

w ith th e long er duration (Cheon e t al., 1998). It sug gested that ev en if there are differ en ce of

sen sit iv ity t o the ST Z bet w een str ain s , the num ber of sperm at ozoa in th e epididym is decreased w ith

diabet es .

Sperm at ozoa w hich are capacit at ed recognize th e recept or on the ZP an d penetr at e and fu se t o

oolem m a. A crosom e react ion occurred an d com pleted sign al t r an sduct ion aft er bin ding to th e recept or

on the ZP (M elen drez e t al ., 1994; M endoza e t al., 1995; Roldan e t al., 1994). T herefore

spont aneou sly acrosom e- reacted sperm at ozoa cannot r ecognize th e recept or so that didn ' t take part

in fert ilizat ion . Besides sperm at ozoa w hich int act acrosom e cannot bin d to the oolem m a (Liu &



Baker , 1994). T herefore the follow ing fact or s w ere an aly zed : th e spontan eou s react ion rat es (control);

induced reaction rates (ion oph ore- ch alleng ed ); and th e differ en ce bet w een th e tw o, b ein g the

proportion of sperm atozoa in the populat ion capable of r eact ion in respon se t o calcium influx

(acrosom e react ion t o ionoph ore challen ge, ARIC) for predict the fert ility (Cum m in s , 1994; M ort im er

& F raser , 1996).

W ith the u se of th e A RIC t est , tw o type of AR pathology hav e been defined : AR in sufficinecy

(T esarik & M en doza , 1993) an d AR prem aturity (T esarik & M endoza , 1995). In hum an , AR

in sufficiency describes cases in w hich the differ en ce in fr equ ency of AR bet w een ion ophore- t r eat ed

an d untr eat ed aliquot s of a capacit at ed sperm populat ion is < 15% , w hile AR prem aturity is u sed

for those ca ses in w hich th e frequ en cy of spontan eou s A R is > 20% (T esarik & M endoza , 1995). S o

far , pr edict th e fert ility of the rat w ith the ARIC w as report ed by Ch eon e t al (1998) w ith Zuck er

r at . In W istar r at , th e spont aneou s reaction rat e w as about 37% w hich is high er than hum an , an d it

is sim ilar w ith Zuck er s on e.

T h e spont aneou s reaction rat e of cauda epididym is w a s higher th an report ed rat e (ab out 30% ,

Ob erlän der e t al., 1996). H ow ev er , Cheon e t al (1998) report ed the spont an eou s react ion rate of

Zu cker r at w as 38% , similar w ith that of W istar r at . Ch aract er ist ics of acrosom e react ion at v as

deferen s is not w ell kn ow , but in the present study , th e spont aneou s react ion rate is higher than

that of cauda epididym is . It is r eason ed th at such a acrosom e react ion character ist ics of v a s

deferen s due to the ab sorpt ion funct ion of v as deferen s . Sim ilar w ith the diabet es Zucker r at (Cheon

e t al., 1998), after the in du ct ion of diabet es the spont aneou s react ion rat es w ere in creased at the

cauda an d v as deferen s , w ith m ax im al decrea se in th e lon gest diabet es durat ion . In th e spontaneou s

reaction rat e of v as deferen s in creased by long er an d long er the durat ion but the differ en ce w ith

cauda w a s decrea se. It is thought that th e result s originated from the loss of the fun ct ion of cauda

epididym is .

ARIC v alu e of the cauda epididym al sperm atozoa w as 8.4% at the 14 day s group, but in the

control an d 3 day s group w as at least 22% . In th e sperm atozoa of the v as deferen s , th e ARIC v alue

w as slow ly decreased by th e duration . T hese result s in dicat e th at the fertility of the diabetic W istar

r at is decrea sed and result ed from the abn orm al funct ion of the epididym is .

An ejeculat ion cau sed of diabet es m ellitu s can b e m anag ed by u sing assist ed reproductiv e

t echniqu es w ith sperm at ozoa obt ain ed by electro- ej aculat ion , or aspir at ion . T h e fert ilizat ion rate of

oocyt es follow ing IVF is low er than the control (Denil e t al, 1992; H ov at ta & v on Smit ten , 1993),

but u sing ICSI, sh ow ed norm al fer tilizat ion , and pregnan cy (H ov att a e t al., 1996). T herefore ,

sperm at ozoa of th e diabetic pat ient s h av e fertility les s than norm al, but hav e the capability of

dev elopm ent . It is th ou ght that the m ain fact or s of les s fer tility r esult in the deficien cy of

m aturat ion of the sperm at ozoa especially acrosom e react ion .

In sum m ary , th e con centr at ion of the sperm atozoa at the epididym is an d v as deferen s w as

decreased w ith lon ger durat ion of th e disea se. T he spontaneou s react ion rat e w as significantly

higher in the v as deferen s . T he cau se leading t o increa se of th e spontan eou s react ion rat e of

sperm at ozoa of the v as deferen s m ayb e du e t o the ab sorpt ion fun ct ion of th e v as deferen s . T he



spont aneou s react ion rat e of th e diabet es r at e w as higher th an that of the control group. T h at is the

result that diab etes leads to m et abolic abnorm ality inv olvin g regulat ion of carb ohy drat e m et abolism ,

so th at induce of the abn orm al funct ion of the epididymis . In the ARIC v alue , the fertility decreased

w ith th e long er duration of th e diabet es . F rom th e result s , it is sug gested that diabet es form the

environm ent t o decrease sperm at ozoa con centr at ion an d t o in du ce abn orm ality of the m aturat ion

concerned to th e acrosom e react ion , so decrease the fert ility of th e diabet es anim als .

S um m ary

S om e of th e inform at ion concernin g sex ual funct ion in th e m ale diabet ic has been focu sed upon

the problem s of endocrin e or sem en param et er s . How ev er th e charact er istics of acrosom e react ion

an d sperm atozoa concentration at th e epididym is an d v as deferen s h av e alm ost n ot been studied,

an d the pos sib ility as the reason s of th e infert ility has not been crit ically identified . S o w e design ed

t o in spect th e sperm at ozoa concentration an d th e ch aract er istics of acrosom e react ion at epididym is

an d v as deferen s of diabetic W ist ar rat induced w ith str ept ozotocin (ST Z, 70m g/ kg , ip ).

Ex perim ent al anim al w as sacrificed at 3 day s and 14 day s aft er th e ST Z inject ion . In the

diabet es - in duced rat , th e lev els of in sulin an d glucose had a pat tern of inv er se proport ion . T he

sperm at ozoa concentr ation s in caput and corpu s epididym is w ere significantly decreased in all

diabet ic condit ion . In cau da epididym is , how ev er , there w a s significant decreased in sperm

concentr at ion at 14 day s on w ard. In diab etic rat , th e spont aneou s reaction rat e of sperm at ozoa of

cauda and v as deferen s w ere significant ly high er than th e control group . T he ARIC (acrosom e

reaction to ionophore challen ge ) v alue of caudal sperm w as 28.7 at control, 22.1 at 3 day s , an d 8.3

at 14 day s . F rom those result s , it w as found that the sperm atozoa con centr at ion w as decreased an d

the spont an eou s reaction rat e w as in creased by diabet es . In A RIC- test , it is r ev ealed th at th e

fert ility of sperm at ozoa of 14 day s group w as low er than control or 3 day s group. It is thought that

diabet es m ellitu s m ay be prov oke the decreased fert ilizat ion rat e an d sub sequ ent infertility .

R ef e ren c e s

Ali ST , Shaikh RN , Shiddiqi NA , Shiddiqi P Q: S em en an aly sis in

in sulin - depen dent/ non - in sulin - dependent diabet ic m en w ith/ w ithout n europathy . A rch A ndrol

1993, 30, 47- 54.

Av rech O, F isch B , Shalgi R : A crosom al st atu s of hum an sperm at ozoa aft er follicular fluid or

calcium ion ophore ch allen ge in relation to sem en param et er s and fertilization capacity in vit ro.

A ndrolog ia 1997, 29, 97- 101.

Bartük V , Josifko M , H orack ov a M : Juv enile diabet es m ellitu s and hum an sperm qu ality . I n t J

F ert il 1975, 20, 30- 32.



Cheon YP , Cho HJ , Kim KS : Sperm atozoa character ist ics of st rept ozot ocin - in du ced diab etic Zu cker

lean rat : calcium ion ophore - indu ced acrosom e react ion an d sperm concentration . K oran J L ab

A nim S ci 1998, 14, 15- 20.

Cohen HN , P at er son KR , W allace AM , Beastall GH , M ander son W G, M acCuish A C: Dissociation of

adren arche and gonadarche in diabet es m ellitu s . Clin E nd ocrin ol 1984, 20, 717- 724.

Cumm in s JM : Diagn ostic u se an d techniques of acrosom e react ion ev alu ation . In : T esarik J , ed .

M ale factor in hum an inf ert ility . F ron tiers in E nd ocrin ology , Rom e: S erono, 1994, 8, 101- 153.

Denil J , Ohl DA , M cGuire EJ , Jon as U : T reatm ent of an ejaculation w ith electroejaculat ion . A cta

Urolog ica B elg ica 1992, 60, 15- 25.

Dinulovic D an d Radonj ic G: Diabet es m ellitu s/ m ale infertility (r eview ). A rch A ndrol 1990, 25,

277- 293.

Dun sm uir W D, Holm es SAV : T he aet iology an d m anagem ent of erect ile, ejaculat ory , an d fertility

problem s in m en w ith diabet es m ellitu s . D iab M ed 1996, 13, 700- 708.

Eddy EM , O 'Brien DA : T he sperm at ozoa . In : Knobil E , Neill JD, Green w ald GS , M arkert CL , eds .

T he p hy s iology of rep rod uct ion . New York : Rav en Pres s , 1994, 29- 78.

F aerm an I, Vilar O, Riv arola MA , Rosner JM , Jadzin sky MN , F ox D, Lloret AP , Bern stein - H ahn L ,

S araceni D : Stu dies of androg enic fun ct ion in diabet ic im pot ent m ales . D iabe tes 1972, 21,

223- 30.

Garcia - Diez LC, Corrales Hern an dz JJ , h ernan dez Diaz J , P edraz MJ , Miralles JM : S em en

charact er ist ics an d diabet es m ellitu s : significance of in sulin in m ale infertility . A rch A ndrol 1991,

26, 119- 128.

H olt C, H olt W V , M oore HD, Reed H C, Curn ock RM : Obj ect iv ely m easured boar sperm m otility

param et er s corr elat e w ith the out com es of on - farm in sem inat ion s : r esult s of t w o fert ility tr ials .

J A ndrol 1997, 18, 312- 323.

H ov att a O an d v on Sm itt en K : Sperm aspir at ion from v as dereren s and in vit ro fert ilizat ion in cases

of non - treatable an ejaculation . H um R ep rod 1993, 8, 1689- 1691.

H ov att a O, Reim a I, F oudila T , But zow T , Johan sson K , v on Sm itt en K : V as deferen s aspiration

and intr acyt opla sm ic injection of frozen - th aw ed sperm at ozoa in a case of anejaculat ion in a

diabet ic m an . H um R ep rod 1996, 11, 334- 335.

Liu DY , Baker HW G: T est s for hum an sperm - zon a pellu cida bin ding and penetr at ion . In : T esarik J ,

ed. M ale F actor in H um an I nf ert ility . F ront iers in E nd ocrin ology , Rom e : S eron o, 1994, 8,

169- 185.

Long JA , W ildt DE , W olfe BA , Crit ser JK , DeRossi RV , How ard J : Sperm capacit at ion and the

acrosom e react ion are com prom ised in t er atospermic dom est ic cat s . B iol R ep rod 1996, 54,

638- 646.

M elen drez CS , M eizel S , Berg er T : Com parison of the ability of progest eron e an d heat solubilized

porcine zona pellu cida t o in it iate the porcin e sperm acrosom e react ion in vitro. M ol R ep rod D ev

1994, 39, 433- 438.

M en doza C, S oler A , T esarik J : Non genomic st eroid act ion : in depen dent t argeting of a plasm a

m embrane calcium ch ann el an d a tyrosin e kin ase. B iochem B iop hy s is R es Com m 1995, 210,

518- 523.

M ortim er D , F ra ser L : A dv an ced diagn ostic andrology techniques . H um R ep rod 1996, 11, 1463- 1479.

Murray F T , Cam eron DF , Orth JM (1983) : Gon adal dy sfun ct ion in the spontan eou sly diabet ic BB



rat . M etab Clin E xp 1983, 32, 141- 147.

Ob erlän der G, Yeun g CH , Cooper T G: Influence of oral adm inistr at ion of ornidazole on capacit ation

and the act iv ity of som e gly colytic enzym es of r at sperm atozoa . J R ep rod F er til 1996, 106,

231- 239.

P arinaud J , Vieitez G, M out affian H , Rich oilley G, Lab al B : Variat ion s in spontaneou s and in du ced

acrosom e react ion : correlat ion s w ith sem en param eter s and in - vitro fert ilizat ion result s . H um

R ep rod 1995, 10, 2085- 2089.

P az GF , Drasnin N , H om onn ai ZT : S orbitol in th e acces sory glan ds of the diabetic m ale rat . A cta

D iabe tol L atina 1980, 17, 229- 235.

Roldan ERS , Murase T , Shi QX : Ex ocyt osis in sperm atozoa in respon se t o progest eron e an d zona

pellu cida . S cience 1994, 266, 1578- 1581.

S ex t on W J , Jarow JP : Effect of diab etes m ellitu s upon m ale reproduct iv e funct ion . Urology 1997, 49,

508- 513.

T esarik J , M endoza C: Sperm treatm ent w ith pentoxify llin e im prov es th e fert ilizing ability in

pat ient s w ith acrosom e reaction in sufficien cy . F er til S teril 1993, 60, 141- 148.

T esarik J , M en doza C: Alleviat ion of acrosom e reaction prem aturity by sperm treatm ent w ith eg g

y olk . F er til S teril 1995, 63, 153- 157.



T able 1. Com parison of sperm con centr at ion at epididim is and v as deferen s in W ist ar r at induced

w ith strept ozot ocin e

Con centr at ion ( x 106)

Durat ion of Diabetes

(Day s ) Caput Corpu s Cau da V as deferen s

0 (Control) 23.9±1.6 13.3±1.7 28.1±4.0 0.108±0.030

3 13.3±4.0 * * 5.0±0.7 * * 24.8±2.9 0.067±0.046 *

14 5.8±1.6 * * ## 4.7±1.2 * * 15.2±2.1 * * ## 0.025±0.013 * * ##

Concentration dat a are ex pres sed as m ean ± SE (n = 8).

* p < 0.05, ** p < 0.001 v er su s control

## p < 0.001 v er su s 3 day

T able 2. Spont aneou s an d indu ced acrosom e reaction s and ARIC v alu es at at 3 and 14day s for

str eptozot ocin - induced diabet ic W ist ar rat

A crosom al factor s m easured Cauda V as deferen s (cauda : v a s deferen s )

Spontan eou s React ion

Control 37.1±2.4 49.3±2.4 p < 0.001

3 day s 46.9±3.5 a 55.9±7.0 a p < 0.05

14 day s 64.2±4.5 a b 60.1±0.4 a b p < 0.05

In du ced Reaction

Control 66.8±6.7 c 63.5±5.5 c n o

3 day s 69.0±3.5 c 62.6±5.0 c p < 0.05

14 day s 72.6±5.4 c 63.0±8.9 p < 0.05

All r esult s are presented as the m ean ± standard deviat ion (n = 8).
a p < 0.05 v er su s control of spont aneou s and in du ced react ion , r espect iv ely
b p < 0.05 v er su s 3 day s group of spontaneu ou and in du ced react ion , r especiv ely
c p < 0.05 v er su s spontaneou s reaction (control : control, 3 day s : 3 day s , 14 day s ;

14 day s )






