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Abstract 

The administration of the metabolic inhibitor, 2-deoxY-D-glucose (2DG), to four well fed heifers 
just before and during the time of expected oestrus, and to another heifer following the removal of 
the corpus luteum, prevented both the occurrence of oestrus and the formation of corpora lutea 
in all animals. Plasma progesterone concentrations remained low for at least 10--21 days after the 
last dose of 2DG. The results suggest that the inhibition of glycolysis is associated with the failure 
of both oestrus and formation of functional corpora lutea, and· they support the hypothesis that 
hypoglycaemia is the primary biochemical change responsible for infertility induced by acute energy 
deficiency in lactating cattle. 

Introduction 

The association between hypo glycaemia and infertility in lactating cattle is well 
documented (Arzumanjan and Dorotjuk 1964; Blakely 1965; Payne et al. 1970; 
Oxenreider and Wagner 1971; Hunter 1976; McClure and Payne 1978) and McClure 
(1965, 1970) has suggested that the hypoglycaemia itself was a causal agent in this 
regard. This hypothesis was tested by administering protamine zinc insulin to lactating 
cows at pro-oestrus (McClure 1968). The treatment delayed the onset of oestrus in 
some cows and lowered the pregnancy rates following insemination of others in which 
oestrus occurred at the normal time. 

Insulin, besides causing hypo glycaemia, alters other biochemical parameters (Fain 
1974), thus it seemed desirable to evaluate the hypothesis further by using a drug 
which inhibits glucose metabolism. This paper reports the effects of administering 
the glucose metabolic inhibitor 2-deoxY-D-glucose (2DG) to well fed non-lactating 
heifers exhibiting normal oestrous cycles. 

Materials and Methods 

Animals and Husbandry 

The experimental animals consisted of seven Hereford x Devon heifers which were approximately 
15 months of age. They grazed good quality mixed improved pasture prior to and during the experi­
ment which lasted from 3 February to 21 March 1975. The live weights of the animals ranged from 
260 to 310 kg. 

Determination 0/ Reproductive Function 

The occurrence of oestrus was assessed initially by making twice daily iQspection of the animals, 
then on 21 February they were joined with a bull fitted with a chin ball marker. Thereafter the 
presence of chin ball marks indicative of mating was also recorded. The heifers were also yarded 
three times a week when the reproductive tract was examined manually per rectum to assess uterine 
tone, ovarian size, and the presence of Graafian follicles and corpora lutea. On these occasions 
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jugular blood samples were collected into heparinized tubes. The samples were packed in ice until 
the plasma was separated by centrifugation within 2 h. The plasma was stored at -18°C until 
assayed for progesterone using the method of Bassett and Hinks (1969) as modified by Thorburn 
and Schneider (1972). The within and between assay coefficients of variation were less than 16 % 
over the range 1-8 ng progesterone. 

Treatment with 2-Deoxy-D-glucose 

Four of the heifers were treated when the clinical examination and earlier records of oestrus 
indicated that they were about to experience their second oestrous period following the start of 
observations. 50 g of 2DG (Calbiochem, San Diego, California, USA) were dissolved in 300 ml 
distilled water and injected subcutaneously on the predicted day of pro-oestrus, and again 24 h 

(b) 301 

(d)316 

10 20 30 40 

10 

·OJ i~i i~i 

o 10 20 30 40 

Days of experiment 

Fig. 1. Changes in peripheral progesterone concentration of seven 
individual heifers throughout the period of experimentation. OP, Oestrus 
presumed on clinical evidence; 00, oestrus observed; OM, oestrus 
with mating; n days of treatment with 2-deoxY-D-glucose; CL, corpus 
luteum. 

later. A third dose was given 24 h later again to three of these heifers. The decision to give the 
third dose was made on clinical grounds when it appeared that a large follicle was persisting. 300 ml 
of distilled water were injected subcutaneously into the control cows at comparable times. The dose 
of 2DG used was the maximal amount that could be given safely to the animals without causing 
clinical signs in systems other than the reproductive system. 

Observations and blood sampling of these four treated and three control heifers continued for 
a total of 42 days. However, on the ninth day after the second oestrous period, corpora lutea of 
two of the control heifers were expressed by massage per rectum and one of these animals was treated 
twice with 2DG, at 2 and 3 days after the corpus luteum was expressed (Figs 1b and 1d). The 
experiment was terminated 11-22 days after the beginning of individual 2DG treatments. 
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Results and Discussion 

The reproductive activity exhibited by each animal throughout the experiment is 
illustrated in Fig. 1. Six heifers exhibited normal ovarian function, as exemplified 
by behavioural signs, rectal palpation data, and changes in peripheral progesterone 
concentrations before the treatment with 2DG but one, No. 328, was observed in 
oestrus while the progesterone concentration was still high. Following the injection 
of 2DG just before and during the time of expected oestrus or following corpus 
luteum removal, oestrus did not occur, a corpus luteum did not form as judged from 
rectal palpation, and progesterone concentrations in the plasma remained at levels 
very much lower than those which were obtained during the previous oestrous cycle 
and in the control animals (Fig. 1). In the one animal where 2DG was given while 
progesterone concentrations were still high the treatment was still effective in inhibiting 
subsequent ovarian function. The inhibition of ovarian activity persisted to the end 
of the period of observations in all treated animals. 

2-DeoxY-D-glucose is converted into 2-deoxY-D-glucose-6-phosphate which is a 
competitive inhibitor of the substrates for both glucosephosphate isomerase or 
glucose-6-phosphate dehydrogenase (Sols and Crane 1954; Hochster 1963). Not­
withstanding other unrecognized metabolic effects of 2DG, the present results suggest 
that the inhibition of the glycolytic pathway can prevent both oestrus and the 
formation of functional corpora lutea in well fed non-lactating heifers. 

In the mouse, 2DG induces ovarian dysfunction apparently by causing failure of 
pituitary gonadotrophic secretion which in turn is likely to have stemmed from 
hypothalamic failure (McClure 1967). The basic mechanism involved in ovarian 
failure in the present experiment is not known. However, the results are consistent 
with evidence from earlier field (McClure 1965, 1970) and pen experiments using 
protamine zinc insulin treatment (McClure 1968) which supports the hypothesis that 
hypoglycaemia is the primary biochemical change responsible for infertility induced 
by an acute energy deficiency in lactating cattle. 
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