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Introduction
Spermatozoan motility (like human) is a precondition for 
fertility. Motility loss is easy to see by microscope or
measured by sperm analyser.

Boar semen is delivered by artificial insemination
stations. The logistics is easy, as it can be sent by mail
(express delivery). It is stored at room temperature and 
remains active for 3-7 d. Handling requires no tissue
culture cabinet, or sterile facilities. The protocol for 
motility assay is simple (Table 1). 

We show here toxicity of 50 pharmaceuticals and 
environmental pollutants on porcine  spermatozoa by in 
vitro exposure (Table 1):
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Boar spermatozoan motility (like human) is 
exclusively dependent on mitochondrial ATP 
production. If ATP production ceases, the 
sperms stop swimming. This is easy to see / 
measure. Sperm cells are sensitive indicators
of mitochondrial toxicity.

The sperm cell flagellum is developmentally
similar to the cilia or flagelli present on 
many organs: brochial and alveolar epithelia, 
kidney , pancreas, macrophages, monocytes. 

Basis of the assay

•Andersson MA et al., 2004., Int J Food Microbiol, 94(2), 175-
183
•Jääskeläinen EL et al., 2003. Toxicology in Vitro, 17, 737-744
•Hoornstra D et al., 2003. Toxicology in vitro, 17, 745-751



Table 1: The bioassay for detecting toxicity using boar spermatozoa
1. Samples are solved in in sterile water or in other suitable vehicle. Environmental samples

are heated in the solvent at 60 C (plate or block heater) or in boiling water bath for 5 min, 
allowed to cool.

2. Dispense 1 to 10 l of the solved substance, and serial dilutions thereof, to  2 ml of 
commercial boar sperm (extended sperm, ~30 106 sperms /ml), incubate at 18 to 22 C  
(dark) for exposure.

3. After the chosen exposure time, sample 0.2 ml of the sperm suspension, incubate 5 min at 
37 C (to activate motility) and then record motility of the sperm cells by microscopy or
using motility analyser.

4. For EC50, record the concentration that immobilizes > 50% of  the exposed sperms, 
compared to vehicle-only control. Sperm assay in detail: Andersson et al., 2010, 

Toxicol In Vitro,24, 2041-2052
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Vehicle solvent control and calibration
Boar sperm cells tolerate several organic solvents up to 1 vol % for up to 72 h 
(Table 2). The test solutions of the chemicals were made in  water, methanol, 
ethanol or dimethyl formamide (DMF), depending on their solubility properties.  

For calculating the EC50, the outcome with the chemical substance was compared
with that obtained with the vehicle control.  Only those solvent concentrations
were used where >80% of the sperm cells retained their normal progressing
motility compared to none added. 

Calibration substance (triclosan, stock solutions 0.1 to 500 mg/ml) ) was included
in each series the test runs.

Table 2:  Solvents tolerated by boar spermatozoa
Organic solvents g/mol Vehicle tolerated  solvent
dimethyl formamide CAS 68-12-2 (DMF) 73.09 none >0.5 vol %
ethanol CAS 64-17-05 46.07 none 1 vol %
methanol CAS 67-56-1 32.04 none 1 vol%
toluene CAS 108-88-3 92.14 none 0.1 vol%
trichloroethene CAS 79-01-6 131.39 none 0.2 vol%



EC50
Fig.1. Seasonal and individual variation in 
the toxicity outcome of the sperms of 
donor boars in the  motility inhibition 
assay. The figure shows the toxicity
outcome (EC50 values)  of triclosan
(disinfecting biocide) between ejaculates
in different seasons of individual boars.

Biological controls. 
The spermatozoa of individual donor
boars show biodiversity. Vitality of 
the sperm cells may also show 
seasonal variation.

EC50 of triclosan was measured using
36 individual ejaculates,  taken
throughout seasons, from individual
donor boars is shown in Fig. 1. The 
results show  that the MIN-MAX  of 
EC50 obtained for triclosan was 1.5 
± 0.3 g/ml or 5.2 ± 1 µM, i.e. within
25%.  
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EC 50 EC 50

Food and feed additives g/mol Vehicle g/ml mM
aspartame CAS 22839-47-0* 180.2 water >800 >4
butylated hydroxy anisol  CAS 2513-16-5 180.2 methanol 100 0.6
butylated hydroxy toluene CAS128-37-0 220.4 methanol 10 0.05
dicloazuril CAS 101831-37-2 407.64 methanol 10 0.02
DL-phenyl alanine  CAS 150-30-1 165.19 ethanol 2.5 0.02
maduramycin ammonium CAS 84878-61-51 934.16 DMF 0.01 0.0001
mono sodium glutamate CAS 142-47-2* 169.111 water 100 0.6
salinomycin CAS 53003-10-4 751.92 methanol 50 0.07
sorbic acid CAS 110-44-1 112.13 ethanol >300 >0.3

RESULTS of sperm motility inhibition assays with 
chemical substances

Table 3. Sperm motility inhibition by selected food  and feed additives

Conclusions: 
Of the antioxidants butylated hydroxy toluene was >10 fold more toxic than
butylated hydroxyanisol. 
The coccidiostatic feed additives (poultry, sheep) were sperm toxic at low- M range.
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EC 50 EC 50

Pharmaceutical and veterinary compounds g/mol Vehicle g/ml mM
amantadine HCl CAS 665-66-7 187.71 water 250 1.4
carbamazepine CAS 298-46-4 and 85756-57-6 236.26 ethanol 100 0.4
chlordiazepoxide CAS 58-25-3* 299.76 methanol 500 1.7
diazepam (valium) CAS 439-14-5* 284.74 DMF 50 0.2
diclofenac sodium CAS 15307-79-6 318.13 methanol 2.5 0.008
3-(2-dimethylamino)propionitrile CAS 1738-25-6 98.15 methanol 100 1.0
5-fluoro uracil  CAS 51-21-8 130.08 methanol 200 1.5
3,3-imino-dipropionitrile CAS 111-94-4 123.16 methanol 2 0.02
lidocaine CAS 137-58-6* 407.64 methanol 25 0.06
metformin  CAS 657-24-9 129,17 methanol 60 0.5
metronidazole CAS 443-48-1 171.15 methanol >100 >0.6
nicotine CAS 54-11-5* 162.23 ethanol 1250 7.8
oxytetracycline  dihydrate CAS 79-57-2 460.434 water 25 0.05
phenformin  CAS 834-28-6 241.72 methanol 10 0.04
serotonin  CAS 153-98-0* 176.22 water 100 0.6
sodium salicylate CAS 54-21-7 160.11 methanol 100 0.6
thalidomide CAS 50-36-1* 258,23 DMF >250 1
(±) verapamil CAS 152-11-4 491.1 methanol 250 0.5

Table 4. Sperm motility inhibition by selected pharmaceuticals

Conclusions:  
The antidiabetic drug phenformin was ca. 12× more toxic than metformin, thus
reflecting their known in vivo potentials for causing serious lactic acidosis in human.
High sperm toxicity of diclofenac may connect to the  reproductive failure of wildlife
(vultures) on the Indian subcontinent where this analgesic, anti-inflammatory drug is 
massively used.
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EC 50 EC 50

Biocides g/mol Vehicle g/ml mM
alexidine CAS 1715-30-6 581.71 methanol 1 0.002
chlorhexidine CAS 55-56-1 505,46 DMF 2.5 0.005
dichlorophene CAS 97-23-4 269.13 methanol 1 0.003
heptachlor CAS 76-44-8 373,3 ethanol 2 0.005
hexachlorophene CAS 70-30-4 406.902 methanol 1 0.002
imidacloprid CAS 138-41-3 255.66 methanol 2.5 0.01
maneb CAS 12427-38-2 265.31 methanol/water 1 0.004
parathion CAS 56-38-2 291.26 methanol 500 2
permethrin CAS 52645-53-1 391.29 methanol 10 0.03
polyhexamethylendiamine guanidium chloride polymer water 2.5 0.0003
(PHMG) CAS 57028-96-3
polyhexamethylene biguanidi polymer water 0.5 0.0007
(PHMB) CAS 27083-27-8 or 32289-58-0
thiamethoxam CAS 153719-23-4* 291.71 methanol 2.5 0.008
tributyl tin chloride CAS 1461-22-9 586.112 methanol 0.2 0.0003
triclosan CAS 3380-34-5 289.54 methanol 1 0.003

Table 5.  Sperm motility inhibition by chemical biocides and disinfectants

Conclusion:  Disinfectants, widely used in consumer products at mM concentrations for 
personal hygiene or home cleaning were toxic to sperm cells at  low µM concentration. 
Disinfectants used for sanitation of indoor mold affected homes and public premises, 
were sperm toxic at 5000× dilution compared to the marketed products . 
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Table 6. Sperm motility inhibition by environmental chemicals pollutants

EC 50 EC 50

Environmental chemicals & pollutants g/mol Vehicle g/ml mM
2-ethyl hexanol CAS 104-76-7 130.23 ethanol 25 0.2
acryl amide CAS 79-06-1 71.08 water >400 >5
bis(2-ethyl-hexyl )phtalic acid ester (DEHP) CAS 117-81-7 390,6 methanol 5 0.01
boric acid CAS 10043-35-3 61.83 water >500 >10
diarsene pentoxide(As2O5) CAS 1303-28-68 459.68 water 100 0.2
disodium tetraborate (borax)- deca-hydrate CAS 1303-96-4 381.37 water >500 >1
N,N-diethyltoluamide CAS 134-62-3 191.27 methanol >500 >2.5
phthalic acid CAS 88-99-3 166.13 methanol 100 0.6
tetra ethyl ammonium bromide CAS 71-91-0 210.16 water 50 0.2
tributyl tin chloride (TBT)  CAS 1461-22-9 586.112 methanol 0.2 0.0003

Conclusions:
The phthalic acid ester DEHP  was 20 to 60 × more toxic to the sperm than were the 
components of its hydrolytic cleavage,  2- ethyl hexanol and phthalic acid.  DEHP is a 
noncovalently contained of PVC items such as floorings and textiles in offices, cars
and homes.
The tin-containing wood and paint preservative TBT is  over 600× more sperm toxic
than arsenic oxide (earlier) used for the same purposes.
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Take-home of this report
1. Porcine spermatozoa are primary mammalian cells closely similar to human
cells

2. The toxic responses of boar spermatozoa to foodborne, drugborne or
environmental (indoor, outdoor)  toxicants may indicate reason for  concern to 
human reproduction health as well.

3. Sperm motility inhibition was in most cases (except for industrial solvents)  
observed at exposure concentrations 1 to 3 logs lower than general 
cytotoxicity, observable as loss of permeability barrier towards propidium
iodide.

4. Disinfecting biocides were sperm toxic at exposure concentations 10 to 1000 
more dilute than those in widely used consumer market technochemicals.  

5. Microbially infested PVC products  in indoor space may be of serious health
concern.


