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Section 1 REVIEW OF LITERATURE 

I. THE FIFFECTS OF PHOTOPERIOD ON THE REPRODUCTIVE ACTIVITY OF THE EWE 

Following Marshall's (1937) observation that ewes transported from one hemi­

sphere to another reversed their oestrous and anoestrous seasons to conform to a 

new seasonal environment, it was hypothesized that daylength (photoperiod) had 

some effect on the reproductive activity of the ewe. Sykes and Cole (1944) ex-

ewes to an experimental decrease in daylength of 6 hours over a period of 

The experiment commenced in the when daylength was 11.5 hours. 

occurred earlier than normal and lambs were produced four to five months 

before the usual time. Criticism of this work arose because of the use of only 

a limited number of animals, and the fact that the animals were of Rambouillet 

stock, a breed known to show oestrous 

and Summer. These 

under natural conditions, in the 

observations seemed to indicate 

that the ewe exhibited sexual in response to a "short" or" 

day length. From these initial experiments, other observations of natural breed-

seasons and more sophisticated photoperiod have followed. 

A. 

Hammond Jr. (1 Suffolk and Suffolk crossbred ewes, found their 

natural season to extend from mid-Autumn to Spring. Sexual 

activity occurred over a period when the daylength was 11.5 hours, or less, and 

was fairly evenly spaced about the shortest day of the year. Yeates (1949) 

later confirmed these observations in a control group of ewes from the same flock. 

Hafez (1952) did an expansive study of the natural breeding seasons of six breeds 

of ewes in different environments and in specific localities. He concluded that 

the duration of the breeding season is related to the geographical 

latitude and altitude) of the breed. In general, the natural 

is shorter as the latitude of increases. this 

(both 

season 

the 

Blackface Mountain, the Border Leicester and the Welsh Mountain breeds were said 
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said to have a very restricted sexual season, the Romney Marsh and Suffolk breeds 

to have a medium length season, and the Dorset Horn breed to have a prolonged 

season of sexual activity. It was further concluded that complete polyoestrous 

is reached with a high degree of domestication and also with inhabitance in 

tropical and equatorial regions. Shelton and Morrow (1965) have made observa­

tions on seasonal variation in the sexual activity of Rambouillet ewes. 

Although there was a peak ovulation rate in early Autumn, and the highest percent­

age of ewes showed oestrus in early Winter, sexual activity was shown to some 

degree throughout the entire year. It appears that the effect of seasonal photo-

period on the sexual activity of ewes tends to differ between breeds. In 

critically evaluating the following experimental work to be reviewed, this fact 

must be considered. 

Photoperiod experiments on mature ewes 

1 • Reversed seasonal light treatment 

Yeates (1949) firmly established daylength as having an influence on 

the sexual activity of the Suffolk ewe. The photoperiodic seasons to which the 

ewes were exposed were reversed, and consequently the sexual seasons of the ewes 

were reversed. Yeates proposed that it was not only the length of day, but also 

the decreasing (day-by-day) light regime which had the stimulatory effect on 

sexual activity. The onset of oestrus occurred 13 to 16 weeks following the 

change from increasing to decreasing daily light regimes, and the cessation of 

sexual activity took place 14 to 19 weeks after the change from decreasing to 

increasing daylength. Using ewes from this same flock, Hart (1950) 

confirmed these results, but suggested that decreasing the length of the photo­

increments was not necessary in order to obtain a stimulatory 

effect on the onset of oestrus. He stated that a constant light to dark ratio 

of 1:2 was sufficient for stimulation. Later work has shown reversed seasonal 

photoperiod to affect Merino (Yeates, 1956b) and Southdown (Thwaites, 1965; 
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1967) ewes. 

2., Continuous light treatment 

When Suffolk ewes were exposed to a continuous light regime at the height 

of their natural sexual season, an inhibitory effect was observed (Hafez, 1951). 

Ewes ceased cyclic oestrous 

seasonal photoperiod) group. 

8 weeks earlier than a control (natural 

Using Merino ewes, Radford (1961a) was not able to 

completely suppress sexual activity with continuous light exposure over a period 

of 3 years even though the ewes were in a continuous light environment from 3 

months of age. There was some suppression of oestrus the first year, and 

variability in the of the sexual season during the second year, but there 

was no apparent suppression of the occurrence of ovulation. In fact, ewes 

in continuous light of a constant and protected from environmental 

stresses showed sexual than ewes in a natural 

period. Merino ewes have been known to show an onset of oestrous well 

before the longest day of the year (Watson and Radford, 1955). I le-de-France 

ewes have maintained oestrous cycles in continuous light over a period of 3 

years (Dauzier and Mauleon, 1962), and and Rambouillet ewes on 

continuous light have bred and lambed earlier than ewes in continuous dark 

( and Meites, 1951). 

3. E.quinoctial light treatment 

Radford (1961b} exposed Merino ewes to an equinoctial (12 hour light: 

12 hour dark per day) light and obtained differing responses, depending 

upon the pretreatment environmental photoperiod. Animals the treatment 

while natural was failed to show anoestrus 

the first natural in their second year of treatment, 2 of 5 ewes were 

anoestrus. Of animals entering the treatment while natural daylength was in-

, 3 of 5 ewes were anoestrus the first and second natural 

seasons. The anoestrus were shorter than those periods in the 



control ewes. Hafez (1951) had also found pretreatment light environment, due 

to a ''residual effect of lightu, an important modifying factor. 

Southdown ewes treated with an equinoctial light regime lost their seasonal 

activity after the first year of treatment (Thwaites, 1965). During the second 

year, oestrous cycles became "sporadic and apparently unrelated to any external 

environmental factor". The monthly intensity of breeding activity was greatly 

reduced, but during any month of the year there was some activity by individuals 

within the group. Other workers observed that when both Peppin Merino and 

Southdown ewes were treated with an equinoctial light regime for 2.5 years, the 

annual rhythm of the reversal of 

thermal seasons (Wodzicka-Tomaszewska et al., 1967). 

4. nuastened0 seasonal light treatment 

Mauleon and (1962) have hastened the annual 

' 
thus producing two cycles within a year., Ewes of 

the I1e-de-France 1 Texel, Prealpes du Sud and Limousine breeds exposed to this 

treatment exhibited two periods of sexual activity each year, coincident with 

the periods of increasing light, and over the time when had the 

light hours. The authors felt that this occurrence was due 

to the interval between the photoperiodic stimulus and the initiation of the 

sexual cycles, coupled with a 

by increasing the daily light exposure. 

of the period of sexual 

increasing daily light more 

caused 

than normal in the Spring to a normal maximum peak daylength, and then decreas­

more rapidly than normal, Mimura (1959) was able to initiate 

oestrus in treated ewes earlier than in natural ewes. 

and Oliver (1966), using ewes, increased 

up to 19 hours of light per following the natural longest day of the year. 

The incidence of oestrus tended to be 

daylight than in ewes under the natural 

in ewes subjected to extended 

( 1961 ) 
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have decreased the photoperiod of Rambouillet ewes in the late Spring by 1 hour 

from each day, and have increased the percentage of animals showing oestrus. 

Constant light treatment 

oestrous cycles have been induced in "western ewes 11 treated with 

a constant 11 hour photoperiod per day (Means et al., 1960), in Suffolk ewes 

exposed to a constant 8 hour daylength (Hart, 1950) and in several other breeds 

under a daily 8 hour light regime (Hafez, 1952). Suffolk and Cheviot ewes 

treated with a 7 hour daily photoperiod for one month during anoestrous 

oestrous cycles within 38 and 56 days, respectively, from the first day of 

treatment and ' 1966) 0 Suffolk and ewes in a con-

stant 6 hour daily photoperiod for 3 years showed a tendency for their periods 

of sexual activity to become prolonged, and the length of their anoestrum to be 

shortened following the first year of treatment. Cycles became pro-

less regular; however, a cyclic pattern of 

reproductive activity was still apparent (Clegg........,_;;..;;;.;;.., 1964). 

6. Fregnancy and light treatment 

was found to be low in some 11 short 

and 

oestrus 

1960); and some workers have noted lambs born small and 

weak when mother ewes were brought to oestrus with a ushortened11 

treatment (Yeates, 1949; Mimura, 1959). Yeates (1949, 1956b) observed that 

the duration of pregnancy in Suffolk and Merino ewes was unaffected by the 

reversal of the annual light rhythm. 

c. 

Hafez (1952) found the breeding season of ewe lambs to be a 

a third as as that of adults. Higher sexual was associated 

birth dates early in the lambing season or with higher rates. 

lambs born early in the season showed their first oestrus at an older age and 

to 

heavier live weight than those born later. Lambs born much later in the season 
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or with retarded growth rates did not attain cyclic sexual activity until the 

following breeding season. Breed differences for these characteristics were 

evident. Watson and Gamble (1961) found that Merino ewe lambs born in the 

Summer tended to have a higher percentage of animals showing oestrus and a 

higher conception percentage during their first breeding season. However, body 

weights and ages of the ewe lambs at puberty were greatest in animals born in 

the Summer, and least in animals born in the Spring. The ewe lambs born in the 

Spring, being younger and lighter at puberty, had a first sexual season one 

third the length of the first breeding seasons of animals born in the or 

Here , the first sexual season was found to be shorter in lambs 

than in mature ewes (also see Yeates, 1965). 

Hammond Jr. 944) proposed a 11 threshold of stimulationn to 

birth date versus age at puberty discrepancies: threshold of stimulation 

falls in the lamb as its age increases, until at about 300 days it 

reaches the adult level. The intensity of stimulation increases as the amount 

of daylight lessens, and is maximal or before, the middle of the 

season; thereafter, it decreases, and at a rate than that at which the 

threshold for the lamb falls with increasing age - so that the minimum age at 

first heat comes in the middle of the breeding season, the age being about 180 

days; if this age is reached later in the season heat will not occur until the 

season following when the animal may be 400 days old or more••. 

Photoperiod experiments and the attainment of puberty in immature ewes 

Experimentally, younger ewes have been more readily influenced than adults 

by photoperiod treatments (Hafez, 1951; Kazakov, 1964). Radford (1961a) 

e~uu~~u Merino ewe lambs to continuous light from 3 months of age and noted a 

tendency toward suppression of the onset of oestrous cycles the first year., 

Smith (1967) treated Border Leicester, Southdovm and Suffolk ewe lambs, 

ranging in age from 43 to 110 days of age, with a constant 16 hour daily photo-
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period. The lambs began treatment when the natural daily photoperiod was 14 

hours, 46 minutes, including civil twilight. A control group remained in the 

natural photoperiod. The onset of first oestrus was delayed in the experimental 

group, but not completely suppressed. The control group showed a higher 

incidence of oestrus, ovulation rate and conception percentage. In the natural 

photoperiod group, 65% of the ewes conceived at first oestrus, compared with 

only 33% of the 16 hour daily photoperiod group ewes. Total conception percent­

age for the entire first breeding season of control and experimental ewes was 

83. and 37.5%, respectively. 

II. THE EFFECTS OF PHOTOPERIOD ON THE REPRODUCTIVE ACTIVITY OF THE RAM 

seasonal 

obvious as oestrous 

in reproductive activity of the ram are not as 

and anoestrum in the ewe, semen character-

istics do fluctuate throughout the year. As as 1937, McKenzie and 

Berliner noted that there was a larger number of spermatozoa, a greater number 

of total ejaculates and a smaller absolute and relative number of abnormal 

in the semen of Shropshire and Hampshire rams during the from 

Autumn to Winter. In subsequent studies, many have found seasonal 

seminal variations in rams of many breeds in several environments. 

Ao Natural breeding seasons 

Most workers have observed a maximum volume of semen ejaculated 

Autumn (Chang, 1941 - Suffolk in 1962 - unnamed breed in 

A.mir and Volcani, 1965 - Awassi and Border Leicester in Israel), 

others find no definite seasonal fluctuations in semen volume (Shukla and 

1 unnamed breed in India; an and , 1963 

the 

Askanians in Russia; Amir and Volca,ni, 1965 

Border Leicester and Dorset Horn in Israel). 

German Mutton Merino, Corriedale, 

It has been common for most 

researchers to equate increased semen volume, as well as increased fructose and 



citric acid levels in the seminal u~~omG, with increased androgen production in 

the testis, and even further, with increased interstitial cell stimulating 

hormone (ICSH) secretion from the anterior pituitary gland. 

Fructose levels in the seminal plasma of Suffolk, Hampshire and Rambouillet 

rams in California reached minimum peaks in and maximum peaks in mid-

Autumn (Cupps et al., 1960). 

to changes in the annual 

The investigators feel that the ram's response 

cycle, measured by fructose concentration in the 

seminal plasma, is more rapid than the response (onset of oestrus?) reported for 

ewes. results were found in Awassi and Border Leicester rams in Israel, 

whereas German Mutton Merino, Corriedale and Dorset Horn rams showed 

variations in fructose concentrations (Amir and Volcani 1 1965). Recently, 

Moule (1 Merino, Leicester and rams in Australia, 

observed seasonal fructose concentration 

Californian and Israeli workers when their 

similar to those noted by the 

animals were on 

pasture. When rams were fed on a constant diet without the quality fluctuations 

of the pasture, there was no seasonal variation in fructose levels in the seminal 

When the rams were exposed to a reversed annual cycle and re-

tained on a constant diet, there was still no indication of seasonal differences. 

Spermatozoa total numbers, abnormal and motility, as well as 

ejaculate have shown seasonal fluctuations favourable to the 

11 decreased daylength 

, 1951 ; 

increased reproductive activity" hypothesis (Chang, 1 ; 

, 1962; Amir and Volcani, 1965). Other workers find a 

reversed occurrence (Shukla and Bhattacharya, 1952). Recently, Lees 

and certain (1966a) has calculated correlations between natural 

body characteristics and semen in the ram to determine time relation-

ships which may exist in the responses of male to 

Lee's results that testicular moves with 

the ram is therefore a breeder, rather than a short 

changes. 

, and that 

breeder. 
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(1941) and Maqsood (1951), working with Suffolk rams in England, found 

a lowered mating desire from early Spring until mid-Summer, as did Pepelko and 

Clegg (1965), working with Targhee type rams in California and Aslanjan and. 

Lisovaja (1963) using Askanian rams in Russia. Shukla and Bhattacharya (1952) 

observed no seasonal variation in the libido of an unnamed breed in India. 

Photoperiod experiments on mature rams 

1 • Reversed seasonal light treatment 

Experimentally, Yeates (1949) was the first to reverse the seasonal 

daylength of Suffolk rams and observe a reversal in the variations of semen 

characteristics. Fowler (1962, 1965) noted the same occurrence in Merino rams. 

2. "Hastened" seasonal light treatment 

Ortavant and Thibault (1956) have condensed the natural annual light 

into a six month period beginning on the winter solstice and on 

the summer solstice. At the end of the , the 

mental group of Ile-de-France rams showed increased values of ejaculate volume, 

total spermatozoa, fructose levels in the seminal plasma and epididymal sperm 

reserves over animals under normal conditions of the summer solstice. 

Testicular and seminal vesicle weights were greater in 

Constant light treatment 

Rams exposed to a constant 11 hour 

rams. 

for 94 days have shown 

an increase in ejaculate volume and spermatozoa motility, concentration and 

survival time. There was also an indication that the ability of the spermato-

zoa to continue motility within the uterine cervix of a ewe was 

increased , 1965). 
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III. THE EFFECTS OF PHOTOPERIOD ON THE PHYSIOLOGY AND HISTOLOGY OF SOME 

ENDOCRINE GLANDS RELATED TO REPRODUCTION IN THE EWE AND RAM 

Ovary 

Under natural seasonal conditions, follicular atresia within the ovaries of 

Merino ewes was more evident during the Summer months de 

1957-58). Ovulation rate was highest in the Autumn and lowest in the Spring 

(Hammond Jr., 1944; Averill, 1959; Dutt, 1960). 

Some ovarian changes occurring under experimental photoperiods have been 

briefly reviewed within previous sections. 

Testis 

Suffolk rams have shown arrested spermatogenesis within their testes 

the non-breeding season. Atrophic interstitial cells (Leydig cells) were also 

evident (Maqsood, 1951). 

By ov·na,•, treating !le-de-France rams with (16 hour) and 

11 shorttt (8 hour) photoperiods, Ortavant (1956) was able to detect differences in 

the spermatogenic cycle. Using a tracer technique, he found the duration 

of the cycle to be insensible to light treatments. However, 

did affect three definite within the cycle: the transforma-

tions from Spermatogonia A to Intermediate spermatogonia, from I 

in the zygotene stage to 

meiotic divisions. 

I in the pachytene stage, and in the 

When an experimental photoperiod was decreased from 16 hours to 6 hours over 

a of 3 months, an optimum 

rams was noted {Ortavant, 1961). 

for in Ile-de-France 

Representative animals were withdrawn from the 

treatment when the was 12 hours, 10 hours, 8 hours and 6 hours. 

spermatozoa reserves and testicular reached a maximum at an 

8 hour photoperiod. However, spermatogenesis progressed most efficiently at a 

photoperiod of 10 hours when by a 12 hour daylength. When rams were 
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exposed for approximately 40 days to a constant photoperiod, even the optimal 

one, the maximum level of spermatogenic activity was never achieved (Ortavant 

et al., 1964) .. As a quantitative indicator to the efficiency of the sperm-

atogenic cycle, the number of primary spermatocytes at the leptotene stage 

in 2 seminiferous tubules were counted and found to be at a peak as soon 

as the photoperiod dropped to the optimum 10 hours. The investigators 

suggested that as the total duration of the daily photoperiod is important, 

the variation of this duration is no less important for optimum spermatogenesis. 

Indirect measurements of androgen secretion changes in response to photo-

period changes have been briefly reviewed within sections (see Cupps 

et al., 1960; Moule et al., 1966). 

Anterior pituitary gland 

The relative amounts of gonadotrophins within the anterior pituitary 

of the ewe during the season, as opposed to the anoestrum, are not 

known conclusively. Some workers have found no differences in gonadotrophin 

concentrations (Lamond et al., 1959; Hutchinson and Robertson, 1960); others 

have observed either a slight increase (Robertson and Hutchinson, 1962) or de­

crease (Kammlade et al., 1952) in concentrations at the beginning of the sexual 

season. Ewes in an 8 hour photoperiod had a lower anterior pituitary gonado-

trophin content than did anoestrous ewes (Allen and Lamming, 1960). 

Rams have been treated with a 6 month 11hastenedn annual light cycle. 

Representative animals were studied at the maximum (16 hour) and minimum (8 hour) 

photoperiods. As in similar experiments, testicular weights and epididymal 

spermatozoa reserves were greatest in rams from the minimum photoperiod. 

Anterior pituitary gland weights were lightest in the 8 hour photoperiod animals. 

The content of follicle stimulating hormone (FSH) in these glands was 3 to 4 

times greater in the minimum photoperiod rams than in the maximum photoperiod 

rams. Luteinizing hormone (LH) content was about 2 times greater in the minimum 
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photoperiod animals. With an additional 48 hours of light given to the 8 hour 

photoperiod rams, a sharp decrease of FSH and L..~ levels was induced. When 48 

hours of additional darkness was given to the 16 hour photoperiod rams, only a 

slight and insignificant increase in gonadotrophin content was shown. The 

authors suggested that while the dark periods may stimulate gonadotrophin pro­

duction within the anterior pituitary glands of rams, the light periods may 

affect the discharge of the hormones from the gland (Pelletier and Ortavant, 1964). 

D. ThY£oid gland 

Ewes in a continuous light treatment had a lower thyroid activity than ewes 

in a continuous dark treatment (Terry and Meites, 1951). The thyroid secretion 

rates (TSR) of young ewes in constant photoperiods ranging from 4 to 20 hours, 

0 0 
while in a continuous temperature of either 50 For 90 F, were at a minimum when 

ewes were in a constant 12 hour photoperiod in either environmental 

The TSR increased as constant photoperiods were extended toward 20 hours or 

shortened toward 4 hours. TSR and thyroid epithelial cell heights were posi-

correlated (Hoersch et al., 1961). 

Maqsood (1950, 1951) has found a mild hyperthyroidism in young rams, 

simulated with injections, to be stimulatory to the process of sperm-

atogenesis, which leads to precocious puberty. Injected thyroxine has 

some semen characteristics of heat stressed mature rams (Bogart and ) ; 

and thyroxine have increased ovulation rates in mature ewes , 1958)., 

Other workers have found thyroxine injections or implants to be detrimental to 

the and respiratory activity of 1948) and 

the rate of ovulation (Ross and Lewis, 1958). Yet, some investigators found 

differences 

ections to have no effect on semen and Ross, 1 ) 

Thyroxine dose level 

account for many of the varied results. 

had no deleterious effects on the oestrous or 
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rate of ewes (Falconer, 1963); however, the same operation on aged ewes reduced 

the over-all reproductive capacity, with resultant low fertility and small, weak 

offspring (Brooks et al., 1964). Semen quality of mature rams was unaffected 

by thyroidectomy (Brooks et al., 1964}; however, the same operation on im­

mature rams lead to a low semen quality at maturity (Berliner and Warbritton, 

1937}. 

IV. THE EFFECTS OF TEMPERATURE ON THE REPRODUCTIVE ACTIVITY OF SHEEP 

Although photoperiod is considered by many to be the most important environ­

mental factor modifying reproductive activity in sheep, temperature variations 

appear to be effective secondary modifiers. 

1 

Lees (1966b), while the breeding season of Clun 

ewes, noted that the mean ambient temperatures between mid-Summer and the time 

of 

the 

of activity were very significantly related. The 

the later the onset of 

Temperature experiments 

Yeates (1953) has to inhibit the onset of 

oestrous cycles in Romney Marsh ewes by exposing them to high (105°F dry bulb, 

wet bulb) for 6 hours per five per two months 

prior to the beginning of the normal breeding season. The onset of oestrous 

cycles was neither postponed nor inhibited by such a treatment. Dutt et al., 

(1956) exposed both shorn and unshorn ewes to a 90°F environment just before 

Ewes were sacrificed 3 There was a lower 

of ova fertilized and a higher number of abnormal ova in the 

heat-treated ewes, than in the shorn, heat-treated ewes. Under 

conditions, the effects of of ewes until before the breed-
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season have been to increase the survival of fertilized eggs (Ink.ster, 1959), 

increase lambing percentage (Ink.ster, 1959; Whiteman and Brown, 1959), and per­

haps increase twinning rate (Whiteman and Brown, 1959). 

Dutt and Bush {1955} treated ewes with 45° 0 48 F temperatures for one month 

before the summer solstice. These ewes oestrous 8 weeks sooner 

than a control group under natural conditions. McKenzie and Phillips (1933) 

failed to hasten the onset of breeding activity in ewes when exposing them to a 

environment during a 10 day period in late Summer, as did Warnick 

(1967) when treating ewes with a 59°F for 48 from late 

to Summer. 

(1961) have cooled Rambouillet ewes from 70°P to 60°F through-

out the season, beginning in late , with a resultant increase in 

the number of ewes lambing. 

is affected environmental temperatures. With Romney 

Marsh ewes held in a hot (107°F wet bulb, 92°F dry bulb) environment for 7 hours 

for the last½ or 2/3 of gestation, there was a decline in the birth-

and total numbers of lambs born {Yeates, 1953). To obtain similar 

results in Merino ewes, very hot (11 bulb, wet bulb) 

were necessary, a breed difference in to 

crossbred ewes were temperatures (Yeates, 1956a). 

treated with a 90°P environment 8 after breeding, for 16 only a 

group of unshorn ewes had a lower of animals shorn 

ewes were unaffected by the heat treatment 1956). 

1 • 

workers have found semen to be lower the hottest 

time of the year et al., 1942). Abnormal numbers have risen 

and total numbers have decreased and Berliner, 1937) and 



- 15 .... 

generally, fertility has been lower (Hulet et ale, 1956) during the Summer 

months. 

Temperature experiments 

Within 13 days of insulating the scrotum, rams were unable to breed 

ewes and eventually an condition developed. The from 

this work is that heat can have its detrimental effect directly on the testis, 

without necessarily affecting higher physiological systems (Phillips and 

McKenzie, 1934). 

When rams were held in a 11hot11 environment, there was a degeneration of 

, a in semen volume, a decrease in motility and of 

spermatozoa, as well as a decrease in total numbers of spermatozoa 

and McKenzie, 1 1942). Dutt 

and Hamm (1955) treated shorn and unshorn rams with temperatures one 

week in the Winter. Five weeks after the experimental 

motility was lower, percentage abnormal spermatozoa was higher and sperm cell 

concentration was lower in the semen from unshorn rams. Shorn rams were not 

affected by this treatment. Within 8 weeks following the treatment, the semen 

of affected rams returned to normal. 

Rams 0 
to 45 - for one month 

solstice showed an increased motility and 

to the 

(Dutt and 

1955) .. Holding ra..ms in a 11 cool 11 environment for the entire Summer increased 

motility and decreased abnormal numbers of , as well as increased 

and 1938; Dutt and , 1957). Cooling rams 

a few below normal for J weeks to the season initiated a 

more sexual behaviour and Brown, 1959). 

c .. 

Under natural seasonal conditions, the 

lower in mid-Summer in 



1946). 

in 

16 -

1962). There is a simultaneous decline in 

concentration and motility, as well as an increase in abnormal 

in the semen of rams during the summer months (Bogart and 

Thyroxine injections during this season prevented only the decline 

concentration. 

0 Experimentally, ewes held in 50 F temperatures had a TSR 3 times as 

as the TSR of animals held in a 90°F environment (Hoersch et al., 1960, 

1961); rams treated with 80°F temperatures showed a lowered as well as 

a lowered semen and Ross, 1962). 

The fact that mature ewes and rams respond to 11 short11 or 

is proven and 

To date, however, no studies have been made on the effects of nsl10rt 11 

or on the of immature ewes 

and rams. Correspondingly, a study of the endocrine glands in 

immature ewes and rams u.~der such od conditions has not been 

reviewed, little, if any, In the 

was to the effects of uncontrolled, environmental 

even some have indicated that this factor is a 

environmental modifier of in Theim-

of the environmental temperature to which are 

in future is evident. 

In the the effects of a constant 11 shortu (10 hour) 

on the and endocrine of immature rams, 

a constant ( environmental , are 10 hour 

constant was choosen as a treatment because it has been defined 

Ortavant ) as an for 

in mature rams. 
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animals. 

normal 

Section 2 -

' 1 

rams born as 

8,.0 lbs were choosen. 

I., 

ram lambs born within a 20 

were used 

or same-sex twins with 

between 

ex-

birth to 18 

conditions 

of age the young 

All animals 

with their mothers under 

tail docked at 13 to 6 

necessary lambs to 28 when 

the four 

out. 

did not the treatment",. For a 10 

each of the lambs was 18 to 28 of , schedule 

The lambs their mothers for 7 to 8 hours (from 

9:00 until 00 5:00 ) and held in well-ventilated, 

lit kibbl peas and peas, offered 

and mixed t , were available to the lambs. was 

detrimental effect of the treatment was noted be-

18 and 28 of age, and any affected animal was excluded 

II., 

of the lambs were transferred from 

to groups 7 October, civil 
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, was 13 hours, 39 minutes and the maximum temperature was 61. and 

was completed on 22 October, 1966 (when daylength, including civil 

was 1 hours, 19 minutes and the maximum 

Treatments were as follows: 

Photo:eeriod 

1 6 constant 10 
hours 

2 16 seasonal 
fluctuation 

3 15 seasonal 
fluctuation 

was 61.,1 

Nu-trition 

constant 65°F SAME 

FOR 
constant GROUPS 

seasonal 1 ' 2, and 

fluctuation 3 

Group 1 and Group 2 animals were held in "controlled environment" rooms of 

the Animal Unit of Each room measured 8 1 x 23 1 

and was illuminated by two 40 fluorescent bulbs. The 

ture was a constant , and air was circulated one 

vent at one end of each room. The length of daily photoperiod in Group 1 was 

controlled by a set time switch to a constant 10 hours. The 

natural seasonal of 2 was detected and controlled by a 

electric cell-switch 

off at sunset. 

which switched the room on at sunrise and 

In each room an elevated wooden covered half of the concrete floor, 

which was cleaned with water The of the rooms was not con-

trolled and at times, rose to levels Some rams 

showed outward of tract 

and a build up of ammonia gas. These animals 

were treated with No animal suffered and as the numbers 

of rams in each room decreased, the was eliminated. 

Rams in 3 were held in one wire pen with a wooden floor within 

natural lit room at the Animal Unite 
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The floor space of the pen similar to the area of each of the 

rooms. These animals the natural seasonal fluctuations 

in and 

and were 

rain. 

additional group, 

mothers and raised under normal 

and received the same nutrition as rams in 

from environmental stresses such as wind and 

consisted of 15 ram lambs left with their 

on the 

These animals were to the natural seasonal fluctuations in 

and nutrition; from 

a ration of 

available. 

mothers until 

selected animals 

2 and 3 rams identical feed the 

2 to 3 of each ram into 

group, kibbled peas, 

with small 

low 

1 

were 

peas and buttermilk 

grasse 

meadow and lawn 

, when a better 

eyegrass and clover 

III. OF EXPERit!ENTAL GROUPS 

the of 

sacrificed and as a means of 

of to 

were 

meadow 

their 

groups of were sacrificed and in each of the four 

and 

91 

26 

1 obtained 

of age, were taken from the remain-

1 
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8 rams in 1, 8 rams in 2 1 7 rams in 3 and 7 rams in 

4 and checked for the presence of All of the 

animals in 1 and 2 were sacrificed and at 168 of age; 

a semen was taken from each ram just prior to sacrifice. The 

rams in , .. -~n= 3 and 4 were used in another 

All animals were sacrificed within 3 to 4 hours after the onset of their 

were taken 

The testes, 

to sacrifice. Death 

was achieved 

anterior , adrenal and seminal vesicles 

dissected and held in sealed or with 

moist gauze around them until were in the 

Before 
' 

all tissues 

nective tissue., The testes and were on 

1 .. 

balance, while other tissues were on a Mettler 

HISTOWGICAL MEASUREMENTS 

of testicular tissue from the central area 

, and a section from the central area of the corpus 

of saline 

1 to 2 hours 

fat and con-

a Welch 

balance. 

the cauda 

taken from the 

Bouin 1 s fluid with 

testis. Both were fixed for 20 to 24 hours in 

ferric alum as recommended Lillie (1 

2,, 

section the o:f left lobe of 

was :fixed in 1 neutral buffered formalin = for 40 

48 

3 .. 
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transverse section from the central area of the anterior 

was fixed in 1 neutral buffered formalin = 7.,0) for 40 to 48 hours. 

The entire was held in Bouin 1 s fluid with ferric 

alum added for 20 to 24 hours. 

transverse section from the central area of the adrenal 

fixed 1 neutral buffered formalin = 7 for 40 to 48 hours. 

seminal vesicles 

bedded with 

1 a 

held in 1 

and 

of 

buffered formalin 

in 

an Elliott Tissue Processor. 

of embedded was done 

of the 

for 40 

Twelve micron sections of testis tissue were stained with Heidenhaints 

iron 

routine 

2., 

' 1 p.,79) for the 

of 

Ten micron sections of 

Heidenhain 1 s iron (Lillie, 1 

aqueous eosin for the study of 

3 .. 

Five micron sections of anterior 

No 

tissue was done. 

tissue were stained with 

) and counterstained with 1 

tissue stained 
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the periodic acid-Schiff ) (Barka and Anderson, 1963, p.73) and Crossmon 

(Gray, 1954, p.-336) methods for differentiation of cell types, as described by 

Purves (1961, 1966). 

Pineal gland 

Eight micron sections of pineal gland tissue were stained by the 

chrome alum-hematoxylin-phloxin method (Gomori, 1941) for studies of cytoplasmic 

inclusions and general morphology, as recommended Holmgren, et al., (1960). 

5., Adrenal gland and seminal vesicles 

No sectioning and of adrenal gland and seminal vesicle 

tissue was done. 

c .. 

observations were made with a Leitz Ortholux 

1 .. 

testis sections were evaluated on the 

of the at each 

2 animals 

age group (28, 63, 

in 

cell 

follicles were measured in 

animals 

was used as 

work with 

on Reichert 

indicator of relative 

cells in 

sections 

ection 

1 

The differentiated cells of the anterior 

each of 6 

from 

• 

1 ) . 

1 

on of characteristics in 

2 animals 

of 

and 168 ) 

and 2 

This measurement 

in 

were 

and 
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v. OF GRAVIMETRIC .A},.11) HISTOLOGIC ME..,\,SUREME~.i"TS 

the data from 1 and 2 animals was in detail .. 

data has been summarized and listed in an 

one for the 

treatments and one for the three age groups. Means were 

for di 

constants 

constants were 

subclasses a method for 

1960). Sums of squares estimated after 

for interaction effects. Data which showed no 

interaction were carried 

mathematical model: 

where 

= the observation 

f = overall mean when 

= effect of the 

= effect of the 

an 

in 

= random errors, assumed 

when tests for 

of variance the 

the class and the B class 

subclass numbers exist 

= 1,2) 

age group (j :::: 1,2,3 

to be distributed about zero 

are made. 

In this set of data, 11 an had 2 subclasses (10 hours constant 

and seasonal , while 11bit had 3 

subclasses ( 91 and 168 groups)., Both class 

effects were assumed to be fixed and the restrictions that = 0 

and = 0 were The np test11 was used as a test of 
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The main interest of this of the effects of different 

on the of the organs and endocrine 

lambs. The use of the 11 controlled environment" rooms for 

2 treatments enabled a of this interest to be 

these treatments , another or factor of 

constant. and endocrine in controlled and in 

3 and 4 treatments were not in as controlled en.,"ironment as 

and, therefore, were affected many environmental 

variables son the 

and second 

effects 0Il ~a,nY•n~l1' 

For this reason, any 

groups for the 

endocrine would be 

of 

invalid. 

1 " 

the 

data obtained from 

age groups has 

collected 

in 

28 

the course of 

condition 

group 

sacrifice; 

in final 

:fractured its 

no noticeable 

animal 

' 
therefore, 

2 three ex-

been in detail (see 

3 animals has listed 

I, while 

been in II. 

one of 1 included in the 

in poor 

data collected from this animal were 

in 

its sacrific • 

1 included in the 1 

in the 

In 

1 
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PHOTOPERIOD TREATMENTS AND 

1 and 

1 summarizes the 

2, and shows the 

age group animals were sacrificed. 

INTERPRETATION OF 

- 25 -

treatments 

the 

to 

when 

of 

The two way classification of the data needs further definition before the 

observations are In the when reference is 

made to the of differences between age groups, the 

sons are made between the 

values from animals of both 

Likewise, when 1 and 

means derived from the combination of all 

1 and 2 within each 

2 data are evaluated for s 

age group. 

differences, 

the means derived from the combination of all values from the three 

age groups within each 

action effects between treatments and age groups are 

mentioned in the when have been found to be 

< .,05)., 

BODY WEIGHTS 

The was successful., Within 2 of the 

0 treatment" 1 each ram lamb was to some one animal had 

to be due to a loss of the 10 All other 

ram lambs made of from 3.5 to 10.,0 lbs with an overall average 

of 6.2 lbs. 

mean of the 28 ram lambs, distributed 

into the three age groups of both treatments, were 

different. 
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Experiment I: Photoperiod treatments for Group 1 and Group 2 rams. 

Periods when sample age group animals were sacrificed, at 63, 91 

and 168 of age, are indicated. 



- 26 -

B. Weight gains 

The differences between the mean body weight gains of the three sample age 

groups were significant (P< .005). Rams sacrificed at an older age had 

higher gains than animals sacrificed at a younger age. Mean gains of Group 1 

and Group 2 animals were almost significantly (P almost<. .05) different. 

Ra.ms of Group 2 gained more than those of Group 1. 

c. Weights at sacrifice 

Mean body weights at the three sample age group autopsies were signifi­

cantly (P< .005) different. Older animals had higher body weights at 

sacrifice. The difference between mean body weights of Group 1 and Group 2 

rams was significant (P <.05). Group 2 animals weighed more at sacrifice 

than those of Group 1. 

In summary, the rams of Group 2, although having mean body weights not 

significantly different from mean body weights of Group 1 animals at 28 days 

of age, gained more weight and had significantly higher mean body weights at 

sacrifice than rams of Group 1. 

II. TESTES 

A. Weights 

The mean total testes weights, consisting of the combined weights of both 

right and left testes, were significantly (P <_.005) different between the 

sample age groups. Total testes weights increased with the age of the animals. 

There was no significant difference between the mean total testes weights of 

Group 1 and Group 2 animals; however, testes of Group 2 rams were heavier than 

those of Group 1 animals. 

B. Histology-

The histological observations made of the testis samples from animals of 
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the one 28 

age groups are 

age group and of the three 

in TABLE 2. 

In both photoperiod treatments, beyond the supporting cell 

stage was first observed in testis from rams of the 91 

sample age group. At 91 days of age the testes of rams in Group 2 

were more advanced in their of the cycle than were 

2 had a 1 animals., At 168 days of age all rams in 1+~·nnn 

active in their testes, while all but one ram 

in 1 had the same full cycle of 

The interstitial cells in the testes of 1 and 2 animals showed 

no 

age of the 

( 1 ) e 

C., 

ram was 126 

mended 

differences at any age group. The 

which took as the interstitial cells matured, as the 

animals were similar to those described Albert 

of semen taken from collected 

was smeared on a slide and stained by a method recom-

(1951). The smear was checked for the presence of 

any quantity of spermatozoa. At 126 days of age, 6 of the 7 smears made from 

1 showed the presence of spermatozoa, while 6 of the 

8 smears made from the semen of Group 2 animals showed 140 

of age, all but one ram in 1 and all rams in Group 2 had 

in collected semen The r~~ of Group 1 with no in its 

semen at 140 days of age was the same animal whose testicular 

had reached the at 

68 of age. A ( ) evaluation of 

numbers ( in smears of semen samples, taken just before sacrifice at 
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168 of age, showed a relationship with the subsequent histological 

observations made of the testicular tissue. 

were not analysed in detail; however, tended to 

follow· the changes of the testes the experiment. 

III. THYROID GLA.i.lWS 

Mean were < .005) different between 

age groups. 

between the mean 

Older animals had heavier 

, but did 

were heavier in 

doubtful 

2 animal • 

differences between the mean 

of 

The difference 

2 rams was non-

almost<.,, 10). 

follicle cell of 

each sample age group and each od treatment were < .,005) 

affected the interaction of both variables. any one of the 

groups mean cell were in 2 

of the differences between the mean cell of 

age group. 2 were different at each 

2)" Intrafollicular colloid was decreased in the 

follicle cell 

Mean anterior 

between the three 

IV0 .ANTERIOR PITUITARY GLA:Nl)S 

were not 

The difference between mean 

age 

however, the 

1 and 

Text­

with the 

differen·t 

of 1 

of 

age groups. 

2 animals was 

2 rams were heavier than 

< 
from 

) " Anterior 

animals. 
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SAMPLE AGE GROUPS (DAYS) 

Experiment I: mean th;y-roid follicle cell heights 

(~ standard errors) of Group 1 (k---~) and Group 2 

rams of the one pre-experimental (28 day-old) and the three 

experimental sample age groups. 



Because of the extreme of the hormone 

and the lack of 

cells of the 

orientation of the 

cell numbers was 

mammalian anterior 

observed sections, no 

the 

cells of the anterior 

anterior 

(1960) and Clarke (1961). 

cell 

In each 

assessment of 

evaluation of the 

was made. The definitions of 

used were those Clarke and Purves 

treatment, as the ages of the 

rams increased, the relative number of cells on ap­

the treatment 

old, that rams were 91 

have had 

cells a 

a,nd more 

number of more 

2 anterior 

central and 

stained 

round and 

cells than of 

the 1 animals. 

Crossmon 

cell concentration and 

noted. The 

the anterior 

Mean 

three sample age groups .. 

difference which 

observations of 

this 

between 

in concentration and 

of all animals was 

V. PINEAL GLANDS 

cells were made 

difference in 

treatment groups was 

of cell between 

showed no significant differences between the 

Rams of Group 1 and Group 2 had a mean pineal 

v.:,,,;.u.cu. doubtful almost< ., 10) .. 

Pineal of 2 animals were heavier than those of " 

The hi of the in rams of each 

group was similar to that described by Jordan (1 1, 1921), and was 
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variable between individual animals. There were no consistent differences in 

nuclear nuclear and nucleolar 

characteristics. Melanin-like 

of peripheral cells in some of the 

any of the 

Both left and 

different between 

VI.. ADRENAL 

mean adrenal 

age groups. .Adrenal 

" The difference between mean adrenal 

2 rams was in the left 

The 

1 ranis. In all 

nor nuclear and 

were seen in the 

No acervuli were noted in 

were < 
in older 

of 1 and 

and of doubtful 

of 2 animals < .,10) in the 

than those of 

left tended to be than the adrenal 

VII., VESICLES 

The differences between mean seminal vesicle of the three 

age groups the two treatments were 

) 



Section 

correlative to the observations is taken in this discussion, in 

order that noted differences may be 

isms of the endocrine 

The observation that the immature, 

2} had heavier anterior 

in the nshort11 

made of mature rams held in 

and Ortavant, 1 

of the 

" 

but not 

It is 

the mechan-

to II 

than animals held 

with observations 

treatments 

to note that 

minimum in the 68 groups (see 1 ) • 

Macmillan ( 1 in 

of bulls increased 

there then was a 

foll 

decrease in 

bulls. 

similar 

The anterior 

until the time when ertal 

decrease in 2 

continuation 

also be in 

Another for this decrease in may be that 

ation in 

of rams in 2 

that is, as 

so reached their maximum 

fluctu­

reached their 

(see Text 

data combined TABLE 1)~ the statistical of the 

1 and 2 derive the for 

group (subclass), the sub-subclass means must be exa-

find the of fluctuation and 2 

at the three ages. When this is done it becomes obvious 
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2 

while Group 1 

have created the maximum-minimum trends, 

have been similar in the 91 and 168 

age groups (see Text 

differences between 

3)" 

1 and 

, while 

It should be remembered that 

2 over all age groups were 

differences were non-

The 

age group 

mean also showed fluctuations which 

to follow the 

the maximum-minimum 

of the 

differences were stati 

their will discus 

II. 

number of cells 

of r~~s as their ages increased, 

2 

non-

in the 

noted in the of male rats the 

rodents. 

known to 

rams in 

indicative of an increased functional of the 

be 

of the 

from 

In rats, the round and oval 

the 

2, the round and oval 

increases over the same 

cell of the ram 

of their function 

cells 

, follicle 

cells ( 

' 1 ' 
1966)., 

cells showed 

of cells in·~-·~"­

in 

} are 

and 

) 

In the of 

size and 

which is 

indicative, if it is to of 

cell to ram , of an increased secretion 

a decreased of from such Clarke 



400 

.......... 
O> 
E 

......... 

,-: 
;: 
>-
0:: 

~ 
:) 
t-
0.. 

t--= z 
<( 

300 

200 

I 
I 

/, 

I 
I 

I 
I 

I 

1 OO'---.......,.----t---+----------1~--
28 63 91 168 

SAMPLE AGE GROUPS (DAYS) 

Experiment I: mean anterior pituitary 

(:'.: standard errors) of Group 1 (X---X) and Group 2 ( 0----0) 

rams of the one pre-experimental (28 day-old) and the three 

experimental sample age groups. 



(1961) found the oval cells of anoestrous ewes much more granular than the 

same cells of oestrous ewes. The photoperiodic conditions during anoestrus 

would be similar to those of the Group 2 treatment given to rams of this ex-

periment. Although the histological observations made of the anterior pit-

uitary glands of the Group 2 rams and the observations made of glands of ewes 

in natural seasonal photoperiods seem to be complementary, other photoperiod 

work with rams related to pituitary gonadotrophin content is contradictory. 

Using bioassay techniques, Pelletier and Ortavant (1964) have found anterior 

pituitary glands of mature rams sacrificed during "long" daily photoperiods to 

contain less gonadotrophins than glands of animals in "short" photoperiods. 

Concurrently, the testes of rams in 11 long11 photoperiods showed a lowered 

spermatogenic activity when measured with several histological parameters. 

In the present experiment the observed histological advancement of spermato­

genic activity in the testes of rams in the "long" photoperiod treatment 

(Group 2) over the testes of rams in the "short" photoperiod treatment (Group 

1) lends support to the histological indication that Group 2 pituitary glands 

may have had a higher content of gonadotrophins than Group 1 glands, assuming 

that a higher pituitary gonadotrophin content is necessary for greater gonadal 

activity. 

The greater number of heavily stained angular basophils in Group 2 ram 

pituitary glands, especially in the 91 day-old sample age glands, may be indic-

ative of an increased TSH content. These differences are seen at the same 

time that thyroid gland weights are heavier and thyroid gland follicle cell 

heights are greater in Group 2 animals. There appears to be a positive re-

lationship between the staining characteristics of the angular basophil cells 

of the ram pituitary gland and the activity of the ram thyroid gland. 

Thyroid gland activity - photoperiod - sexual development 

There are several possible explanations as to why the activity of the 
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, as measured follicle cell , varied so in the 

rams between age groups. The fluctuations in cell of 

in 2 rams (see Text 2) may find in the simulta-

neous fluctuations of the to which the animals were 

Hoersch .;;;..;;....;;;;.;;;.;:;., (1960, 1961 found that in young ewes, secretion 

to which follicle cell 

correlation, increased as 

at 

and 2 

of 12 hours per 

in 

were shown to have a 

increased or decreased from 

2 animals, when 

also a maximum (see 

held in 

follicle cell 

n=oTI·~~, the cell 

of 10 hours 1) also showed fluctuations 

Text 2). 

increase 

1 ) ., The increased cell 

this il1creased 

2 

1 a..nimal s at 

the in 

of rams 

fact that 

to be more advanced in 

in their 

of age (see TABLE 2) may 

noted in this group& 168 

be 

the 

of 

age rams of both 

ment a.'1.d their 

groups had their sexual 

were almost 

The nutrition of the rams may have accentuated the response 

of the to the metabolic demands of As the feed 

most of the was of poor it is poss-

ible that a minimal, if not subminimal, of iodine was available 

to the animals for utilization in hormone Several rams 

in 3, which had been the same feed as 1 and 2 animals, 
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had very thyroid ~~Gu.u~, which gave some indication of the existence of 

goiterous conditions (see APPENDIX I)o If the suggestion that a limited 

source of iodine was available to the rams of Group 1 and Group 2 is correct, 

the increase in thyroid gland activity noted was merely an effort to a 

minimal of hormones in the circulation; however, the thres-

hold of that necessary minimum amount may have been raised due to 

demands. This casts doubt on the idea that there may have been 

a mild the od treatment, followed 

of hormones in 

If creation of condition 2 

to a 

increased 

increase in 

in 

utilization of 

increased 

evident in 

is 

ob-

and release in the anterior 

stained 2 

be 

doses of 

hormone con-

circulation may their 

and release, or 

and a more advanced testicular 

2 of age. 

that none of the mean seminal vesicle 
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were different between 1 and 2 treatments, nor between 

age groups. seminal vesicle and , to 

extent, upon stimulation , 1967), these results indi-

cate that androgens, either from the testes or the adrenal ~~~ .. =-, were not 

secreted in , which indicates further, , a low 

secretion of LH from the anterior of all rams the exper-

imental 

The 4 ,.05) difference between the mean at 

sacrifice and the almost ( ) difference between the mean 

at 

of 

of 

2 rams and 

in 

( 1 , 1 ) found a 

< .,05) of 0.24, whereas 

with 

correlation ( 

(1 ) found a 

of o .. 81 ( at P .c(.01) to exist between 

secretion rates in young ewes. The rams of 2 

more at sacrifice and had follicle cells of 

than did 1 animal • 

The obvious as to which variable was altered first is 

noted in 

work. 

correlation 

and 

to all of the observations in this For , anterior 

and 

were heavier in the same rams that made 

more at sacrifice; is it because their were 

that their 

It is because of this 

were done to correct 

were also , or is the converse true? 

that no covariance 

organ and endocrine and mea-

surements for at sacrifice. There is the that 

other factor common each or all of the studied variables is 

simultaneous effects. 
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the assumed increase in hormone levels in the circulation 

of rams in 2 have facilitated the effects of other 

Growth hormone is known to have little 

effect on without the presence of hormones 

1 

cortical 

In humans, sm has been shown to cause adrenal 

the rate of reduction of adrenal steroid 

hormones in liver cells, and therefore, the stimulus to the 

anteri to secrete more 

1 The increased of the adrenal 

rams (see TABLE 1) may be a mild of this acute clinical 

2 

The 

left adrenal 

1 

is known to be than the in 

1 , and this fact has found further 

and 

in the 

results of this It is therefore that any further 

stimulation an increased in 

the two to a extent, due to a ratio of stimulative 

ACTH stimulated organ tissue. increased turnover of 

corticoids have lead increased metabolism, which, in 

have lead to the observed increase in 

The results of this seem to favour an "increased 

increased ~TI=~~T and endocrine 

it would be more correct to the 11 short11 and constant 

treatment as an inhibitor to and endocrine 

This conclusion is held ideas that 

(10 hours per 

as intermediate factor 

and differences noted in animals of the two 

groups. 





Section 

The function of the in mammals has been 

of Alexandria, around JOO .c., the 

for eenturi 

to function 

the 11 stream of within the brain, while Galenos 

A.D.) this 

to function Descartes (1 

and 

claimed the 

believed the the seat of the 

the flow of 

Interest the 

standard 

1 .. 

1 

as late as 1 De 

fluid into of 

function 

, 1954a; Ariens 

functions of 

endocrine research: ablation of the 

the in 

function for the 

1 

to 

of 

in ovarian 

of all 

TO 

) 

the 

to be 

Within 
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have found ' 1 

, 1 .. , some 

increase (Thieblot and Blaise, 1 ; Hoffman and Reiter 1 ); 

others 1 1 , 967)$ 

Removal of the times, in 

female 1954; Thieblot and Blaise, 1 ) 

increased animals 1 

Chu, and 

"'"'
7 ·"m"' had no effect on mammary 

often, seminal vesicle 

' 1 

1 ' 1 

" 

1 ) 

) 



(1 

1 increased the of the ovaries, uteri, 

testes and seminal vesicles, as well as the of the 

female and male rats. A hastened in immature females and 

increased incidence of oestrus in mature animals was also and has since 

been confirmed (Ifft, 962; Wurtman 
________ , 

1964b; Wurtman .....;;-.;;;;.;;;;.;;;., 1967) .. 

work has confirmed the increases of the ovaries 

1960, 1 1 Wurtman 

967) and u·teri 1 in addition 

increase 1 , 1 ) follow-

exposure to continuous the most simultaneous 

has been that there is 

, 1 Fi 

1 1 ' 1 ) ., 

2., 

a continuous dark short 

(1 23 hours 

1 

) 

' 1 • 



(1 

adrenal 

( 23 
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short Pinealectomized 

(16 hours : 8 hours dark per 

unilateral castration showed marked 

the 

inter-relati 

workers 

released 

the 

of 
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Text - figure 4 

Experiment II: Urnrei mean pineal and + (- standard 

errors) of "experimental 11 and 11 control 11 rams of Group 1 and Group 2. 
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A relatively lower nuclei density value was noted in glands from "control" 

rams of Group 2. An illustration of the sub-subclass unweighted mean nuclei 

density values and their standard errors is presented in Text - figure 5. 

The regression of nuclei densities on pineal gland weights was non­

significant. 

Pineal histology was similar to that described by Jordan (1911, 1921) for 

sheep pineal tissue. No consistent differences were noted between the nuclear 

or cytoplasmic staining characteristics of the pineal parenchyma cells in 

glands from animals of the four subclass or four sub-subclass groups. There 

was some indication that the nuclei in glands of Group 1 and "experimental" 

Group 2 rams were slightly smaller and more irregular in shape; and more 

"pyknotic-like", or possibly neuroglial, nuclei were noted in glands of these 

groups of animals in comparison with the histology of "control" Group 2 ram 

pineal glands. PLATE 1 illustrates these differences, as well as those quanti-

tative differences noted in nuclei densities. 

There were no stain concentration differences noted between subclass or 

sub-subclass groups when pineal gland sections were examined for RNA with 

pyronin Y. 

III. HYPOTHALAMI 

No consistent differences were noted between the morphologic and staining 

characteristics of the supraoptic nuclei in animals of the four subclass or 

four sub-subclass groups. 

Differences were evident between the paraventricular nuclei (PVN) of the 

sub-subclass groups of animals (see PLATE 2). In hypothalami of "control" 

and "experimental" animals of the Group 1 photoperiod treatment, most of the 

PVN cells showed an hypertrophied cytoplasm containing a great amount of granu-

lar, Gomori-posi tive 11neurosecretory material 11 (NSM). The nuclei of these 
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