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Ejaculated spermatozoa from rams given intramuscular injections of <x-chlorohydrin (25 mg/kg, 
daily for 5 days) were studied. Respiratory and glycolytic activity of the spermatozoa was almost 
entirely suppressed within 1 day and motility had decreased within 4 days of the first injection. 
Morphologically abnormal spermatozoa appeared in ejaculates after 2 weeks. The most common 
abnormality was an increase in the number of spermatozoa with looped or bent tails. There was 
little change in the fructose or amino acid concentration of the seminal plasma. All effects of 
<x-chlorohydrin were fully reversible. It is suggested that the initial primary mode of action of 
<x-chlorohydrin is to disrupt the metabolism of spermatozoa in the cauda epididymis. 

Introduction 

oc-Chlorohydrin (3-chloro-I,2-propanediol) has been shown to be an effective 
antifertility agent when given orally to the rat, ram and boar, and studies in the rat 
suggest that it may interfere with the metabolic activity of spermatozoa in the male 
reproductive tract (Samojlik and Chang 1970; Brown and White 1973; Brown­
Woodman and White 1975). Although oc-chlorohydrin is too toxic to administer to 
man, investigation of its mode of action in animals may eventually lead to the 
development of an oral contraceptive for human use. This paper is concerned with 
the effect of injected oc-chlorohydrin on the ejaculated spermatozoa of the ram; the 
respiratory and other metabolic activity of the spermatozoa have been studied in 
conjunction with changes in spermatozoan morphology and motility. The fructose 
concentration of the seminal plasma was also measured since it reflects the secretory 
activity of the accessory glands and thus indirectly androgen production by the testes 
(Mann 1964). These studies show that systemically administered oc-chlorohydrin can 
temporarily suppress the metabolism of spermatozoa in the male genital tract and 
this may account for its antifertility action. 

Materials and Methods 

Experiment 1 

Seven samples of semen (two per week) were obtained from each of five mature Merino rams 
(54-69 kg body weight) during a control period. The rams were then injected intramuscularly with 
<x-chlorohydrin, 25 mg/kg body weight each day for 5 days. Semen samples were collected twice 
during the injection period (1 and 4 days after the first injection) and at the time intervals shown in 
Table 1 after the last injection. 
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Semen was colIected by electroejaculation (Blackshaw 1954); about '0; 6 mr of each ejaculate was 
frozen in dry ice immediately on colIection and later thawed and centrifuged at J200g for 10 min 
after which the supernatant was analysed for fructose(Mann 1948; White 1959). ' 

A drop (0·05 ml) of semen was added to 1 ·0 mr of Krebs-Ringer bicarbonate containing fructose 
(300 mg/loo ml), and spermatozoan motility was scored by the method of Emmens (1947) over 
a 3-h period. The maximum possible score was 16. 

Estimates were made of the number of morphologically normal and abnormal spermatozoa, 
separate heads and tails, and spermatozoa with cytoplasmic droplet still attached; for. this purpose 
0·02 ml of semen was diluted to 10 ml with formal saline. 

Five volumes of calcium-free Krebs-Ringer phosphate (KRP), pH 7·2 (Umbreit et ,al. '1972), 
were added to the semen and the suspension centrifuged at 400 g for 10 min. The supernatant was 
removed and the procedure repeated. The sperm plug was then made up to 10 ml with KRP and 
duplicate sperm counts were made using a haemocytometer. Duplicate 2·0-ml aliquots of the 
suspension of spermatozoa were added to the outer compartment of Warburg flasks, containing 
0·1 [J.Ci D-[U-14C]glucose, 14 [J.mol D( +) glucose and antibiotics (0·5 mg each of crystalline penicillin 
G and streptomycin sulphate) in 0·1 ml KRP; C02 was collected into 0·1 ml 20% KOH in the 
centre well. The flasks were incubated at 37°C for 3 h and shaken 60 times per minute with air as 
ga~ phase. Oxygen uptake was determined using the direct manometric technique described by 
Umbreit et al. (1972) and readings were taken at 30-min intervals. Duplicate 2·0-ml aliquots of the 
suspension of spermatozoa were added to 1 ·0 ml of the labelled diluent for the determination of the 
initial glucose and lactic acid concentrations. Initial and incubated samples were deproteinized with 
equal volumes of 5 % ZnS04.7H20 and 0 ·15 M Ba(OHh.8H20. Glucose was measured by the method 
of Schmidt (1963) and Werner et al. (1970) and lactic acid was measured by the method of Barker 
and Britton (1957). 

Experiment 2 

Six rams were trained to serve an artificial vagina and 10 ejaculates were obtained from each ram· 
Semen was collected on Mondays and Thursdays for sperm metabolism and motility studies, and on 
Tuesdays and Fridays for examination of sperm morphology and analysis of fructose in the seminai 
plasma, Sperm motility, morphology, metabolic parameters and seminal fructose concentrations 
were determined as in experiment 1, 

Three rams were then injected with a:-chlorohydrin as described in experiment 1 and three rams 
reCeived an equivalent volume of 0·9 % sterile saline and thus served as simultaneous controls. 

Semen samples were' collected 1 and 4 days after the first injection for metabolic and motility 
studies and 2 and 5 days after the first injection for examination of sperm morphology and analysis 
of fructose in the seminal plasma. In addition, phospholipid (poulos et al. 1973) and amino acid 
concentrations (Brown-Woodman and White 1974) of plasqIa obtained during the pre-injection and 
subsequent period were determined. 

The thiee rams injected with a:-chlorohydrin were killed on the ninth day after the first injection. 
Fluid was collected from the rete testis and cauda epididymis for sperm counts and amino acid 
analysis. Testicular and epididymal tissue was taken for histological examination; the tissue was 
fixed in Stieve's fixative, processed for light microscopy, stained by the Feulgen reaction and 
counterstained with light green. 

Statistical Analysis 

Motility data from the control period were analysed for homogeneity and correlation between 
variates using a program designed for the CSIRO CDC 3200 computer by Dr I. C. A. Martin. 
An analysis of variance program (VARTN) originally designed for this computer by Claringbold 
(1957) and modified by Dr I. C. A. Martin was used for analysis of trends during treatment and post­
treatment periods. 

One estimation of the fructose content of the seminal plasma was missing from the data used to 
compile Tables 1 and 3 and a value has been calculated using the formula suggested by Snedecor 
and Cochran (1971). 

Analysis of spermatozoan motility qata was done by partitioning of Chi-square using a program 
developed by Claringbold (1961) for use on the CSIRO CDC 3600 computer, Canberra. 
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Results 

Experiment 1 

(i) Oxygen Uptake of Spermatozoa 

547 

The oxygen uptake of spermatozoa from rams prior to injecting oc-chlorohydrin 
was linear over a 3-h incubation period (Fig. la). An analysis for homogeneity 
showed that there was no significant difference between rams and the variability in 
oxygen uptake was usually homogeneous between rams during the control period. 
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Fig. 1. Suppression and subsequent recovery of oxygen· uptake of spermatozoa after 
injecting <x-chlorohydrin (25 mg/kg) into five rams (experiment 1). (a) Pre-injection 
control. (b) Injection period. Days after first injection: 1 (e), 4 (0). (c) Post-injection 
period. Days after last injection: 4 (e), 7 (0),11 (A.), 14 (ll), 18 (_); 21 (0),25 (x), 
28 (+). 

There was a marked reduction in oxygen uptake of the spermatozoa within 1 day 
of the first injection of oc-chlorohydrin, and 4 days after the first injection oxygen 
uptake was negligible (Fig. Ib). However, the capacity of the spermatozoa to respire 
recovered in a linear fashion (linear effect P < 0·00 1) during the post-injection period 
of 28 days (Fig. lc) despite day to day fluctuations. Although respiratory activity did 
not reach values as high as during the pre-injection period, the trend indicated a 
complete return to normal had it been possible to continue the experiment. 

(ii) Metabolism of Glucose by Spermatozoa 

Very little glucose was utilized or oxidized by spermatozoa and practically no 
lactic acid formed within 1 day of the first injection of oc-chlorohydrin; metabolic 
activity was almost completely obliterated after 4 days (Table 1). When the injections 
ceased, these parameters returned towards normal. An analysis of variance showed 
that the overall recovery was linear. 
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(iii) Motility of Spermatozoa 
Spermatozoan motility over a 3-h period was reduced within 1 day of the first 

injection and further reduced after 4 days (Table 1); motility scores then began to 
return towards the pre-treatment values; recovery was linear and normal scores were 
reached about 18 days after the last injection. 

(iv) Fructose Concentration of the Seminal Plasma 

Although the fructose concentration of the seminal plasma appeared to rise during 
the recovery period (Table I), the differences were not statistically significant. 

80 (b) 

60 

~ -8. 40 40 

~ 
'-' 

i. 20 ., / 20 

~ 
6 0 2 3 

Time of incubation (h) 

(v) Spermatozoan Morphology 
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Fig. 2. Suppression of oxygen 
uptake of spermatozoa after 
injecting IX-chlorohydrin 
(25 mg/kg) into rams 
(experiment 2) ... Pre­
injection period. • 1 day 
after first injection. 0 4 days 
after first injection . 

Few abnormal spermatozoa were found in the pre-injection semen samples and 
only 4 % of the spermatozoa still had the cytoplasmic droplet attached (Table 1). 
One day after the first injection there was no change in the percentage of abnormal 
spermatozoa but by 4 days after the first injection the number of abnormal forms in 
the ejaculate began to increase. Spermatozoan abnormalities reached a maximum 
14 days after the last injection with a return towards normal by the end of the obser­
vation period. The most common abnormality was a looped or bent tail but there 
was also an increase in the number of spermatozoa without tails and, 14 days after 
the last injection, an increase in the number of spermatozoa with attached cytoplasmic 
droplets. 

No change occurred in the total number of spermatozoa during the injection or 
post-injection periods nor in the volume of the ejaculate. 

Experiment 2 

In this experiment, simultaneous control rams were injected with 0·9 % saline to 
eliminate any possibility that the effects observed in experiment 1 were due to 
temporary fluctuations rather than to O(-chlorohydrin. 

(i) Metabolism of Spermatozoa 

The oxygen uptake and other metabolic activity (i.e. glucose utilization and 
oxidation and lactic acid accumulation) of spermatozoa was again greatly reduced 
1 and 4 days after injecting O(-chlorohydrin into three rams (Fig. 2 and Table 2). All 
metabolic parameters of spermatozoa from the control rams remained fairly constant 
throughout the experimental period. 
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(ii) Seminal Plasma 

By collecting semen with an artificial vagina rather than by electroejaculation, it 
was hoped to reduce the variability in the fructose concentration of the seminal 
plasma found in experiment 1. Although this was not achieved the increase in the 
fructose concentration of the seminal plasma 5 days after the last injection of 
IX-chlorohydrin did prove statistically significant (Table 3). 

There were no statistically significant changes in the amino acid concentration of 
the seminal plasma following injection of IX-chlorohydrin (Table 3). 

The only change in phospholipid profile following injection of IX-chlorohydrin was 
a slight increase in the ethanolamine plasmalogen component of the spermatozoa and 
seminal plasma. However, this is based on a comparison of only one analysis during 
the injection period with the control. 

(iii) Motility of Spermatozoa 

Although there appeared to be some drop in the motility of spermatozoa after 
injecting IX-chlorohydrin (Table 2), this was not statistically significant. However, 
observations could only be made on two rams since one lost libido after the third 
injection of IX-chlorohydrin and did not ejaculate again until the injections were 
stopped. 

(iv) Spermatozoan Morphology 

Over the 4-day period of investigation, no alterations occurred in spermatozoa 
morphology after the injection of IX-chlorohydrin (Table 2). As expected there was a 
high percentage of spermatozoa with attached cytoplasmic droplets in the rete testis 
fluid collected at slaughter but no abnormalities were seen. 

(v) Histology 

Histological studies of various parts of the epididymis and testis showed no 
evidence of a lesion in the epididymis or any abnormality due to IX-chlorohydrin at 
the dose rate administered. 

(vi) General 

The wool, especially 'belly wool', appeared to be more easily pulled out of the 
rams injected with IX-chlorohydrin. Libido was lost to a variable extent as judged by 
failure of trained rams to serve an artificial vagina. 

Discussion 

Since spermatozoa take at least 2 weeks to pass through the epididymis of the ram 
(Dawson 1958) and severe metabolic defects were evident in ejaculated spermatozoa 
within 1 day of injecting IX-chlorohydrin, these studies indicate that the cauda 
epididymis is the most likely site of initial action of the drug. It may be noted in 
this regard that the cauda epididymis of the rat concentrates IX-chlorohydrin from the 
blood (Crabo and Appelgren 1972; Edwards et al. 1975). Our conclusion is also 
supported by the observations that spermatozoa recovered from the cauda epididymis 
of the boar are infertile within 7 h of the animals being fed IX-chlorohydrin (Johnson 
and Pursel 1973) and by the fact that a marked decrease in fertility occurs within 
3 days of the daily injection of IX-chlorohydrin in the hamster (Lubicz-Nawrocki and 
Chang 1974). 
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The normal composition of fluid in the lumen of the epididymis is dependent 
upon an intact epithelium which has the capacity for both resorption and secretion. 
Although changes in ion concentration can, to some extent, modify the metabolism of 
spermatozoa (Lodge et al. 1963; Dott and White 1964; Wallace and Wales 1964), it 
seems unlikely that such alteration in the composition of the epididymal plasma could 
explain the rapid and drastic disruption of sperm metabolism that follows the 
administration of Il(-chlorohydrin; in any case since the amino acid concentration of 
the seminal plasma did not change significantly it seems probable that there was little 
interference with epididymal constituents. The lack of an effect of Il(-chlorohydrin on 
the fructose content of the semen, also reported by Kreider and Dutt (1970), indicates 
that Il(-chlorohydrin does not reduce the androgen status of the ram. 

We suggest that the effect is due to Il(-chlorohydrin, or a metabolite such as the 
phosphorylated form (Mohri et al. 1975), acting directly upon spermatozoa in the 
lumen of the cauda epididymis. Recent work in this laboratory has shown that 
Il(-chlorohydrin inhibits the glycolysis of ram spermatozoa in vitro by interfering with 
glyceraldehyde-3-phosphate dehydrogenase (Brown-Woodman et al. 1975; Suter et al. 
1975). This would explain the drastically reduced glucose utilization in the present 
experiments and the almost complete absence of lactic acid accumulation. It would 
also account for the profoundly decreased oxygen consumption of the spermatozoa 
from Il(-chlorohydrin-treated rams observed here and also briefly reported by Kreider 
and Dutt (1972). Similar results have been obtained with the rat (Samojlik and 
Chang 1970; Brown-Woodman and White 1975). The observations that spermatozoa 
from Il(-chlorohydrin-treated monkeys apparently showed an increased oxygen uptake 
(Setty et al. 1970) is, therefore, very puzzling. 

Spermatozoan motility was reduced by 4 days after the first injection of 
Il(-chlorohydrin and this confirms findings in other studies in the ram (Brown­
Woodman et al. 1974; Kreider and Dutt 1970) and boar (Johnson and Pursel 1973). 
The decline and recovery of motility followed a similar pattern to metabolic activity 
and fertility (Brown-Woodman et al. 1974). It is, therefore, suggested that Il(-chloro­
hydrin disrupts the metabolism of spermatozoa to such an extent that insufficient 
energy is available for critical processes such as motility in the female tract and that 
this renders the spermatozoa infertile. 

The volume of the ejaculate and the number of spermatozoa were not altered by 
administration of Il(~chlorohydrin. However, there was an increase in the number of 
abnormal spermatozoa in the ejaculate and particularly in the number of looped or 
bent tails. The appearance of abnormal spermatozoa in the ejaculate occurred 
considerably later than disruption of metabolic activity and a peak was reached about 
14 days after the last injection of Il(-chlorohydrin. This corresponds approximately 
with the time required for the transport of spermatozoa through the epididymis of the 
ram (i.e. 13-15 days) (Ortavant 1958) and indicates that the site of morphological 
damage to spermatozoa is more proximal in the epididymis than the site of metabolic 
disruption. It is possible that 1-2 weeks following the administration of Il(-chlorohydrin 
the composition of the epididymal plasma alters in such a way as to cause an increase 
in the number of abnormal spermatozoa in the ejaculate, since chemical changes in 
the epididymis are apparently correlated with increased numbers of free heads and 
abnormal tails in the lower part of the duct (Swanson and Boyd 1962; Gustafsson 
1966). 
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In rats receiving five times the minimal effective dose of oc-chlorohydrin, i.e. daily 
doses of 35 mg/kg body weight, or one 45 mg/kg dose, orally or subcutaneously, 
spermatocoeles and sperm granulomata occur (Ericsson 1970; Ericsson and Baker 
1970). However, there was no histological evidence of such a lesion in the epididymis 
of the rams in these experiments. 

Kreider and Dutt (1970) stated that libido of rams was not adversely affected by 
oc-chlorohydrin but in our experiments all rams lost some libido as judged by failure 
to serve an artificial vagina, but this was quickly recovered once the injections ceased. 
The difference could be due to the fact that the above workers gave oc-chlorohydrin 
orally (25 mg/kg) and some of the drug may have been lost in the rumen. The 
oc-chlorohydrin injected intramuscularly in our experiments would be expected to 
produce a higher effective dose. 

It remains to be seen whether lower doses of oc-chlorohydrin will produce similar 
temporary suppression of the metabolism of spermatozoa in the reproductive tract of 
the ram without any adverse side effects. However, these experiments clearly establish 
a metabolic basis for the antifertility action of oc-chlorohydrin on spermatozoa. 
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