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We have evaluated by a stroboscopic technique the in vitro effect of salmon 
calcitonin and human calcitonin on the moti l i ty of human migrated spermatozoa. 
We report here that human calcitonin is uneffective while salmon calcitonin is 
a potent inhibitor of the sperm moti l i ty. This salmon calcitonin action is 
abolished by the preincubation of the peptide with an anti-salmon calcitonin 
antiserum, demonstrating the specif ici ty of the effect. In addition, we pro- 
vide evidence that the release of intracel lular calcium represents a necessary 
step for the action of the peptide. In fact, the salmon calcitonin effect is 
prevented in a dose-dependent way by dantrolene sodium which inhibits the 
release of calcium from intracel lular stores while the calcium channel blocker 
verapamil is unefficacious. These results suggest a potential role for calci- 
tonin in regulat ing human sperm mot i l i t y .  ©1984Acad~icPr~s~. ~nc 

I t  has been reported that CaM is a prominent cost i tuent of mammalian 

spermatozoa ( I )  and that CaM antagonists i nh ib i t  spen~ mo t i l i t y  (2). From 

recent in v i t r o  experiments i t  was concluded that sCT but not hcT is a potent 

CaM antagonist (3). Moreover, very high levels of immunoreactive CT have 

been detected in human semen (4) and an immunoreactive sCT l i ke  peptide has 

been found to coexist with hCT both in brain t issue (5) and in peripheral 

plasma (6) in man. The above observations have prompted us to investigate 

the effect of sCT and hCT on the motil i ty of human spermatozoa. In the cur- 

rent study, we demonstrate that sCT is a potent and specific inhibitor of the 

human sperm moti l i ty.  In addition, we show that this sCT effect is exerted 

through mobilization of calcium from intracel lular stores. 

MATERIALS AND METHODS 

Pure synthetic sCT and hCT were gifts of Dr. Ron Orlowsky (Revlon Health 
Care Group). Rabbit anti-sCT antiserum was from Dr. James R. Harness (Meloy 

Abbreviations: CT=calcitonin; sCT=salmon calcitonin; hCT=human calcitonin; 
CaM=calmodulin; DaNa=dantrolene sodium; PBS=phosphate buffered saline. 
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Laboratories, Inc. ) .  OaNa was a kind g i f t  of Dr, Jacopo Heldolesi (Universi- 
ty of Milan, I t a l y ) .  Verapamil was purchased from Sigma Chem. Co. (St. 
Louis, MO 63178, USA). All other chemicals used were of analyt ical  grade. 

Human ejaculates were collected by masturbation from normal healthy donors 
(age 20-35 years) a f te r  a 3 day period of sexual abstinence. Each ejaculate 
was col lected in a s t e r i l e  reservoir  and allowed to l iquefy at room termpera- 
ture (22-25°C). Only normal semen samples with volumes between 2.0 and 4.0 
ml, counts of at least 40 mi l l ion ce l l s /m l ,  60% normal forms and 60% forward 
m o t i l i t y  were used for these studies. 0.5 ml of the specimens were t ransfer-  
red in p last ic  test tubes and carefu l ly  layered with 0.5 ml of a PBS contain- 
ing NaCI (140 mM), KCI (3.5 mM), CaCI 2 (0.18 mM), MgCl 2 (0.18 mM), 
I~a2HPO 4 (12 mH), NaH2PO 4 (2.2 mM); the pH was 7.4. The preparations 
were incubated at room temperature in a ver t ica l  posit ion for  25-30 minutes, 
during which only well moving cel ls  swain up into the buffer phase. At the 
end of the incubation period the buffer phases containing the migrated 
spermatozoa were gently aspirated and pooled separately for each subject. 
The f ina l  sperm concentration was 10 ± 3 mi l l ion /ml .  

Aliquots of the sperm suspensions were placed in p last ic  test tubes and 
mixed with sCT or hCT di luted in PBS in the ra t io  1:1. The f ina l  concentra- 
t ions of the pepti les ranged from 4 x Io-IOM to 4 x 10-5M, Equal 
volume of PBS was added to the control tubes. After 2 minutes of incubation, 
one drop of each sample was placed on a s i l iconized microscope s l ide and 
observed by phase contrast microscopy with stroboscoic i l luminat ion at a 
magnification of x400. 

To evaluate the spec i f i c i t y  of sCT ef fect  4 x IO-5M sCT was preincubat- 
ed for  12 hours at 4°C with a rabbit anti-seT antiserum in 1:6000 d i l u t i on ,  
warmed to room temperature and added in the 1:1 ra t io  to the migrated sperma- 
tozoa. The same d i lu t ion  of the antiserum alone added in the same ra t io  to 
the migrated spermatozoa served as control.  

In another set of experiments the migrated spermatozoa were pretreated with 
1.5 mM verapamil or with DaNa in concentrations ranging between 0.1Z and I m~ 
then sCT was added to the suspension and sperm m o t i l i t y  was assessed af ter  2 
minutes of incubation. 

RESULTS AND DISCUSSION 

Concentrations of sCT ranging from 4 x 10-9M to 4 x I0-8M induced a 

decrease in the percentage of motile cel ls  and the appearance of cel ls show- 

ing abnormal swimming pattern such as curled t a i l s  and/or asymmetric beating 

of the f l age l l a .  At sCT concentrations of 4 x I0-7M or above m o t i l i t y  

was inhib i ted completely, t a i l s  remained curled and the beating stopped; hCT 

had no ef fect  (Fig. 1). Moreover, the preincubation of the sCT with the 

anti-sCT antiserum completely prevented the effect of the peptide on sperm 

m o t i l i t y  and the antiserum alone did not affect the motile behavior of the 

ce l ls  (data not shown). 

Recent observations have shown that calcium uptake by washed boar sperm 

suspensions is markedly stimulated by the CaM antagonists and that th is  
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FIGURE l :  Percentage of motile sperm as a function of sCT (e) and hCT (A) concentra- 
t ion.  The spermatozoa were prepared as described in the text .  Sperm mot i l i -  
ty was assessed two minutes after the addition of the peptides. Results are 
expressed as means ± S.E. of four d i f ferent  determinations each in t r i p l i -  
cate. Insert A shows a phase-contrast stroboscopic micrograph of the typical 
sperm mot i l i t y  pattern of the controls; movement is evident. Insert B shows 
the effect of the higher sCT concentration on the mot i l i t y  of human migrated 
spermatozoa; no evidence of movement. Bar in A indicates 50 um. 

e f fec t  is blocked by 1 m~1 verapamil (7).  I t  is proposed that  CaM is invo lved 

in  the cont ro l  of calcium entry in boar spermatozoa and in cont rast  to the 

uptake mechanism, ATP-dependent calcium ex t rus ion  does not appear to be regu- 

la ted by CaM (7).  We then inves t iga ted  whether the a b i l i t y  of sCT to i n h i b i t  

the sperm m o t i l i t y  could be prevented by the calcium channel b locking agent 

verapamil (8).  The verapamil alone was wi thout  any not iceable  e f fec t  on 

sperm m o t i l i t y ,  as reported by others (9),  and did not a l t e r  the immobi l i z ing  

e f f ec t  of sCT (Table l a ) .  Thus, we conclude that  the e f fec t  of sCT on the 

m o t i l i t y  of human migrated spermatozoa is not cor re la ted to an increase of 

calcium uptake. 

Several hormones and neurot ransmi t ters  ra ise they cyLosol ic  f ree calcium 

concent ra t ion by mob i l i z i ng  stored calcium (10). Recent advances have c l a r i -  
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Effect 

TABLE 1 

of sCT on the mot i l i ty  of human migrated sperma£ozoa treated with 
verapamil or DaNa. 

Pretreatment Addition Motility% 
a 

none buffer 94 ± 2.4 
none sCT 4 x 10-6M 0 
verapamil 1.5 n~ buffer 93 ± 1.9 
verapamil 1.5 mM sCT 4 x I0-6M 0 

none sCT 4 x 10-6M 0 
DaNa 1 n~ buffer 95.8 ± 2.1 
DaNa i mM sCT 4 x IO-6M 85.1 ± 8.2 
DaNa 0.5 mM sCT 4 x IO-6M 40.3 ± 4,6 
DaNa 0.25 mM sCT 4 x IO-6M 20.7 ± 3.8 
DaNa 0.12 mM sCT 4 x IO-6M 0 

Human spermatozoa were prepared as stated in the text .  Tubes containing 
sperm were incubated for ten minutes at room termperature with verapamil (a) 
or DaNa (b) dissolved in PBS to raise the f inal  concentrations of the sub- 
stance indicated. Two minutes after the addition of sCT or of the buffer, 
the percentage of sperm mot i l i t y  was assessed as previously described. 
Results are expressed as mean ± S.E. of four di f ferent determinations each in 
t r i p l i ca te .  

f i ed  that  the biochemical mechanisms t r iggered  by the hormones that  increase 

cy toso l i c  calcium is t h e i r  induct ion of phospha t idy l i nos i to l  breakdown 

(11,12) and po lyphosphoinos i t ide hydrolys is  as a consequence of receptor ac- 

t i v a t i o n  (13-16); in some t issues th is  provokes, w i th in  seconds, a marked 

accumulation of the water -so lub le  products, i n o s i t o l - l , 4 - d i p h o s p h a t e  and 

i n o s i t o l - l , 4 , 5 - t r i p h o s p h a t e  (17-20), which might be necessary fo r  calcium 

mob i l i za t i on  from in te rna l  pools to occur (19,20). To inves t iga te  the possi- 

b i l i t y  that  the sCT i n h i b i t o r y  e f fec t  observed was due to a release of c a l c i -  

um from i n t r a c e l l u l a r  stores we t rea ted spermatozoa with DaNa which i n h i b i t s  

the calcium movements at i n t r a c e l l u l a r  storage s i tes  (21,22). Our data show 

that  DaNa alone does not modify the sperm m o t i l i t y  whi le i t  is able to pre- 

vent in a dose-dependent way the sCT immobi l iz ing e f fec t  (Table l b ) .  As a 

consequence i t  seems l i k e l y  that  sCT acts, at sperm l e v e l ,  by increasing ca l -  

cium ion concentrat ions through a release of the ions from in te rna l  stores. 

Since i t  is wel l  establ ished that  calcium, when elevated i n t r a c e l l u l a r l y ,  

i n h i b i t s  f l a g e l l a r  m o t i l i t y  (23) an increase of i n t r a c e l l u l a r  calcium could 

j u s t i f y  the immobi l iz ing e f fec t  of sCT. However, the data now ava i l ab le  do 
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not allow us to explain the intimate mechanism through which calcium 

modulates the sperm movements. 

The results described here demonstrate that sCT is a potent i nh ib i to r  of 

human sperm mot i l i t y  with an IC50 in the nanomolar range while hCT is 

unef fect ive.  The i n t race l lu la r  calcium release seems to be a necessary step 

in sCT action. The rmchanism by which sCT determines the r ise of cytosol ic 

calcium remains to be determined and unt i l  now we cannot ascribe a precise 

bio logical  s igni f icance to the sCT immobilizing e f fec t .  However, the recent 

discovery of the coexistence of an immunoreactive sCT l i ke  peptide with hCT 

in human peripheral plasma (6) and brain t issue (5), where CT has been 

suggested as a possible t ransmit ter  or modulator (24-29), could add more 

physiological meaning to our f indings. In fact ,  i t  has been demonstrated 

that human semen contains very high levels of neuroactive peptides l i ke  

beta-endorphin (30), met-enkephalin, leu-enkephalin, substance P (31) and CT 

(4) suggesting for  these substances important local regulatory funct ions. 

Thus, Ive are now evaluating the presence of a sCT l i ke  peptide in human 

seminal plasma and the involvement of phosphatidyl inositol  metabolites in the 

action of sCT at sperm level .  
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