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INTRODUCTION 

The profit derived from the cattle industry is dependent on a high 

degree of reproductive efficiency. Normal reproduction is, in turn, 

dependent upon the production of viable sperm and ova and the maintenance 

of the genital tract of the female in an optimum condition for fertili -

zation , implantation and fetal development. Temporary or permanent 

sterility , causes economic losses to the producer through reduction of 

the annual calf crop and lowered milk production. Fertility, then , is 

of major importance . 

The reasons for reproductive inefficiency are numerous and poorly 

under stood. Complete harmony between the anatomical components and the 

physiological processes of the reproductive system are essential if 

normal pregnancy is to occur . Any deviation in this unique and 

complicated process , caused by mechanical, nutritional , pathological or 

other factors, can produce unfavorable reproductive results . 

Field and clinical problems dealing with the techniques and results 

of artificial insemination, the reasons for the often necessary repeat 

breeding and the causes of early embryonic losses must be investigated 

and solved . Sperm deposition occurs in the cervix of the bovine. It is 

the cervical epithelium that aids in the transmission and distribution 

of the spermatozoa at that time and functions as an anatomical and 

physiological barrier between the vaginal and uterine environments . The 

uterine changes occurring during the estrous cycle are repeated 
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preparations of the environment required by the fertilized ova. To gain 

an understanding of the reproductive adaptations, it is first necessary 

to establish the normal functions of the uterus and cervix, and to 

correlate these with cytological information obtained from t he uterine 

surface epithelium, glandular tubules and cervical epithelium. Once 

this has been accomplished, the solutions to many reproductive problems 

may follow. 

This study was undertaken in an effort to correlate histological , 

histochemical and ultrastructural findings in the bovine uter ine and 

cervical epithelium. · The characterization of the cyclic changes that 

take place in the normal cow are essential for a better understanding 

of the complex process of reproduction. Any contribution to the present-

day knowledge may aid in completing the picture of bovine reproduction 

and thereby result in increased reproductive efficiency. 

I 
I 

'.l 
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LITERATURE REVIEW 

General 

In the female embryo, the Mullerian ducts grow and develop into the 

female tract . Each of the paired ducts develop anteriorly into a uterine 

horn and oviduct while posterior to this area both ducts fuse together 

and form the uterine body, cervix and the anterior portion of the vagina 

(Arey , 1965) . In cattle, the uterine horns are curved and in the heifer , 

each forms one complete spiral turn before joining the Fallopian tube. 

The general uterine structure of the cow has been reported by Foley 

and Reece (1953). They stated that the uterus consists of three coats : 

a thin outer covering , the perimetrium; a thick middle layer , the 

myometrium; and an inner lining , the endometrium. The endometrium may be 

divided into caruncular and intercaruncular areas. Skjerven (1956b) 

described the endometrium as being divided into three layers. These 

layers were the basement membrane with pseudostratified colunmar 

epithelium; the stratum cornpactum, a narrow zone consisting of densely 

cellular connective tissue; and the stratum spongiosum containing more 

loosely arranged collagenous connective tissue . The uterine glands were 

described as branched, coiled, and tubular and their ducts opened into 

the intercaruncular area. The stratum compa ctum of the caruncles did not 

contain any glands . The stratum spongios um b eneath t he caruncles conta ined 

glands as did the s tratum spongios um of t he intercaruncular area. 

The literature review will follow this order: 
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1) Type of surface epithelium 

2) Day- to- day changes during t he cycle 

3) Cyclic changes in t he s urface epi t helium 

4) Gl andular epithelium 

5) Histochemistry of uteri ne epithelium 

6) Electron mi croscopy of uterine epi thelium 

7) Light mi croscopy of t he cervi cal epithel i urn 

8) Histochemistry of t he cervical epithelium 

9) Electron mi croscopy of t he cervi ca l epithelium 

Type of Surface Epi t hel i um 

Sever al investigators have s tudied the bovine endometrium and have 

reported conflicting r esults . Hos t authors have described t he s urf ace 

epithelium as being pseu-dostrat ified columnar throughou t t he cyc l e with 

a variation in the size of cells occurring at various phases of t he 

es trous cycle . Murphey (1924), Cole (1930), Weber il & • (1948a) , Asdell 

il & · (1949) , Roar k and Herman (1950) , Wee t h and Herman (1952) . 

Foley and Reece (1953) described the cells as being simpl e colurnnar of 

variab le height . They thought that when t he tissue sample was s ectioned 

at an acute angle , the nuclei sugges t ed a pseudos tra tif i ed t ype of 

epithelium. Asdell il & · (1949) found the surface epi t helium to be 

pseudostra t ified throughou t the cycle but less so at two days postes trus . 

Heber il .!!_. (1948a) r eported t he presence of ciliated cells in t he bovine 

endome triurn . 
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Day-to-day changes of the surface epithelium 

Proestrus Weber et al. (1948a) found that the epithelium was 

tall columnar with elongated nuclei. A small portion of the surface 

was involved in cytoplasmic disintergration accompanied by nuclear 

pyknosis. Asdell n&. (1949) found the surface epithelial cells at 

one day proestrus to be extremely long , almost t hread like with much 

elongated nuclei. 

Estrus Webern al . (1948a) found that during estrus the surface 

epithelium was at a maximum height while the glandular epithelium was at 

its lowest level. Cole (1930) , Weber n al. (1948a) , Asdell n al. (1949) , 

Roark and Hennan (1950), and Dziuk (1955) all reported that the 

histological picture of the uterus during estrus was similar to that seen 

during proestrus . Some destruction of the surface epithelium was 

observed by several investigators around and shortly after estrus : Weber 

et al. (1948a) , Asdell n al. (1949), Roark and Herman (1950) and Heeth 

and Herman (1952) . 

Day one post estrus Webern al . (1948a) reported that the 

epithelium was medium to low pseudostratified columnar . In some areas , 

t he single layered epithelium appeared to be stretched so t he nuclei were 

arranged obliquely. 

Day two Most investigators agreed that at this time of the 

cycle, the surface epithelium was at the minimal height. Asdell n & · 

(1949), Sasser (1963), Cooper (1961), and Webern&• (1948a) noted 

extensive erosion of the surface epithelium. Many cy toplasmic vacuoles 
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were present in the distal as well as basal part of the cells. These 

vacuoles sometimes contained leukocytes. Asdell ~ al . (1949) also 

noted the vacuolization of the cells and r eported that t he cell 

boundaries tended to be indistinct. The surface epithelium became 

normal pseudostratified coltmmar at day three. Weber~ al. (1948a). 

Earlv metestrus Weeth and Herman (1952) reported decreasing 

of the cell height and migration of the nuclei to t he mid or distal 

cytoplasm, giving a vacuolated appearance to the proximal cytoplasm. 

Cooper (1961) r eported that at seven to eight days , the surface 

epithelium had increased in height. 

Diestrus Murphey (1924) reported that cells were found to be 

tall and columnar near the end of diestrus. Asdell ~ al . (1949) found 

the surface epithelium to be elongated and increased in size up to 

estrus. Cooper (1961) found the cells at 15 days as tall as at 8 days. 

Cyclic changes in the surface epithelium 

There is general agreement between reports of various research 

workers on the morphological changes that take place in the uterus 

during the estrous cycle. However , there is grea t disagreeraent and 

conflicting reports concerning the subtle cyclic changes and their 

quantitative aspect s . Stockar d and Papanicolaou (1917) were some of 

the first workers to correlate uterine histological changes with stages 

in the es trous cycle . In working with guinea pigs , they f ound the 

epithelium during estrus to consist of tall columnar cells filled with 



7 

mucus. Later, the epithelium tended to break away and regeneration 

followed. Marshall (1922) divided the estrous cycle into four periods : 

rest, growth, destruction, and recuperation. During growth, the s tromal 

cells multiply and the mucos a increas es slightly in thickness while 

vascularity also increases. Destruction causes some breaking of blood 

vessels , and epithelial cells sometimes were torn off. That was the time 

of estrus, which was followed by a period of recuperation. The 

epithelium was renewed at that time. 

Murphey (1926) maintained that height and pseudostratification may 

be explained by volume changes in the mucosa due to congestion and edema . 

Dziuk (1958) reported that there was not a day-to-day pattern of changes 

in the surface epithelium but the changes were gradual . The overall 

activity of the uterus started to increase at estrus or a day or two 

after , and continued at a peak about 8-10 days after estrus when the 

activity gradually declined. Weeth and Herman (1952) concluded that the 

non-gravid uterus was altered relatively little during the estrous cycle . 

They reported no s eparate and dis tinct period of regression in the uterus 

during the cycle. Progestational proliferation continued throughout 

diestrus . Roark and Herman (1950) reported that cyclic changes in the 

uterus were more pronounced in the stroma and glands than in the 

epithelium. As dell et al. (1949) reported that cells were tallest during 

proestrus and estrus. Due to increased secretory activity at the time of 

estrus and on the succeeding day , the cells were at their lowest two days 



l 

8 

postestrus . After the second day , the cells increased in length 

throughout the remaining part of t he cycle . 

Dziuk (1955), Cooper (1961) and Sasser (1963) concluded that the 

surface epithelium varied greatly in height within the stages of the 

cycle making it impossible to accurately measure the changes . Casida 

and ~1cKenzie (1932) studied the histological changes in the uterus of 

the ewe. They stated that the surface and glandular epi thelilllll were 

similar and that they showed no definite variations in the average 

height in different individuals and from one area to another in the 

same animal. 

Some other differences in results could have been due to the fact 

that both heifers and cows were used in the experi ments . Weber n .!!_. 

(1948a ) used only heifers , Roark and Herman (1950) and Sasser (1963) used 

multiparous cows while Cole (1930), Weeth and Hercian (1952) , Dziuk (1955) , 

Foley and Reece (1953) and Cooper (1961) had both heifers and multiparous 

cows . Weber ~ .!!_. (1948a), Cole (1930), Roark and Herman (1950) , and 

Weeth and Herman (1952) made it clear whether or not their investigations 

were concerned with the caruncular or intercaruncular ar eas. The other 

investigators did not speci fy this detail . 

Changes in nuclei The condition of the nuclei during the cycle 

also changed . Asdell ~ al . (1949) r eported t ha t at estrus , the nuclei 

of the surface epithelium were round to irregular in shape and were 

rather granular. At two days , the nuclei became oval and more gr anul ar. At 

12 days , the nuclei had assumed an e l ongated appearance that tended t o in-

crease up to the time of estrus . Fr om four days postestrus onward , the nuclei 
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tended to be lifted from the base of the cell as basal vacuolization 

appeared. Murphey (1924) found that vacuolar changes in the epithelium 

increased gradually from day t wo to day four when this change was maximal. 

Mitotic figures Mi totic figures were found by several 

investigators to be present mainly around the time of estrus. Weber 

~.!l· (1948a) reported mitotic figures at day one that increased in 

number on days two and three of the cycle. The same was reported by 

Murphey (1924), Casida and McKenzie (1932), and Skjerven (1956b). 

Leukocytic infiltration Murphey (1924) noted that leukocytic 

infiltration started about the 19th day and reached its maximum on the 

5th day and gradually subsided until the 14th day. Roark and Herman 

(1950) found Leukocytes in the epithelium throughout the cycle but in 

greatest numbers during proestrus and estrus . Skjerven (1956b) reported 

that variable numbers of leukocytes were present in the endometrium from 

area to area with the highest concentration in the stroma beneath the 

surface epithelium. The same results were reported by Heber ~ al. 

(1948a). Van Den Hoek (1959) did differential counting of leukocytes 

in the surface epithelium. He reported that neutrophils were always 

observed during the estrogenic phase of the cycle but absent in the 

proges tational phase. Eosinophiles, lymphocytes, phagocytes and mast 

cells were found in both phases with different distributions through the 

uterus. 

Secretory activity Sasser (1963) reported that the uterus was 

actively secreting from the surf ace epithelium at the time of estrus and 
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one day after estrus. Asdell et i!l· (1949) reported that due to the high 

secretory activity at es trus the cells wer e low in height at t wo days 

pos t estrus. After the second day , the cells began to increase in length. 

Sasser (1963) reported that the amount of secretion decreased after 

estrus until four days postestrus at which tir.te the endometrium was in a 

very active stage of secretion. Asdell ~ al . (1949) also noted another 

wave of secretion that took place on the eighth day postestrus. Secretions 

were low about 12-13 days postestrus at which time t he epithelium started 

to atrophy (Sasser 1963). 

Vollmerhaus (1957) noted that during the early corpus luteal phase, 

the free surface of the epithelial cells was covered with a homogenous , 

grainy appearing film and the amount of secretion had decreased. 

Glandular Epi thelium 

Skjerven (1956b) described t he uterine g lands as being branched , 

coiled, tubular glands which t erminated near the myornetrium. As they 

passed superficially , they became straight and their lumina enlarged. 

The cyclic changes in the epithelium of t he uterine glands have been 

studied by several investigators . Cole (1930) reported t ha t during 

estrus the epithelial cells became t aller, t he nuclei elong ated and t he 

lumen smaller . Weber ~ al . (1948a) and Cooper (1961) noted t ha t during 

estrus , the epi thelium r eached its l owes t t-:leasu r ement s with a small 

lumen. Hammond (192 7) observed t hat glandul ar hypertrophy was associated 

with the dev e lopment of t he corpus luteum, and although t here were slight 
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time differences , the work of Cole (1930), Asdell ~ al. (1949) , Roar k 

and Herman (1950), Weber ~ al. (1948a), Wee th and Herman (1952), and 

Cooper (1961) confirmed this . At rophy of t he glands appears to be 

associated with the morphological regression of the corpus luteum as 

shown by Cole (1930) and Asdell ~ al. (194 9). Weber ~ al. (1948a) 

reported massive disinteg ration and nuclear pyknosis during early 

proestrus. In later studies, Weber~ al. (1948b) reported t hat the 

glandular epithelium did not regress until immediatel y before the 

following estrus. Vollmerhaus (1957) noted that the secretory activity 

of the uterine glands began at the gland ori f ice and proceeded downward; 

therefore, the cells of the middle and basilar parts of the glands had 

secretory functions at different times . He reported t hat during the late 

follicular phase, the epithelium was active at the g-landular ori f ice. He 

r eported secretory material in the lumen during the time of ovulation and 

the corpus luteal phase. Dziuk (1955) found that the size of the gland 

lumen and the amount of secretion and debris decreased from t he first to 

the tenth day of t he estrous cycl e . The gland lumen was smallest at 8-12 

days and largest at 16-20 days . Johnson (1965) r eported t hat t he 

glandular diameter was largest, 74.78µ, th ree .days proestrus and decreased 

rapidly to 64.97µ at estrus. The gland t hen increased in size until the 

19th day . The lumen also showed a definite cyclic pat t ern. 

Weber~~· (1948a) reported t he pr esence of mi totic f i gures in the 

g l andular epithelium that continued from estrus until the third day . 



12 

His tochemistry of t he Uterine Epi thelium 

Initial investigations on slaughter-house and biopsy material 

performed by Skjerven (1953a , 1953b) indicated t hat certain histochemical 

reactions revealed cyclic changes of the bovine endometrium. These 

observations on t he occurrence of alkaline phosphatase and periodic- acid-

Schiff (PAS ) positive substances and neutral fa ts were confirmed by 

examination of biopsy mat erial from normal aninals done by Skjerven 

(1956a, 1956b). 

Alkaline phosnhatase 

Weeth and Herman (1952) and Moss ~..tl· (1954) wor ked on slaughter-

house ma t er ial and reported the wide distribution of a l kaline phosphatase 

in the bovine endometrium and the cyclic variation in the enzyme activity , 

especially in the surface epithelium cells. Skjerven (1956b) reported 

t hat the activity of the alkaline phosphatase , as present in the distal 

cytoplasm of the surface epithelial cells, followed in conjunction wi. th 

t he development and regression of the corpus luteum and reached optimal 

values in t he luteal phase . The same was found by Weeth and Herman (1952) 

and Lar son n _tl. (1965) . Moss n 21· (1954) found the strongest activity 

of alkaline phosphatase occurred from the ninth through t he t hirteenth 

day . They saw distinct cyclic changes of the phosphat ase activity onl y 

in the surface epithelium aside from t he distal border . The distal border 

of t he epithelium, stroma and the blood vessels had posi tive reactions 

t hroughout the cycle . Foley and Reece (1953) could not f ind any distinct 

cyclic changes in the amount of alkaline phosphatase in t he g l andular l umen . 
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Glycogen 

Two me thods have been used gener a lly to study the presence of g l ycogen 

in the surface epithelium. Following the use of the Bauer- Feulgen t ech-

nique , Weeth and Herman (1952 ) r eported the pres ence of glycogen i n large 

quantities in the surface epithelium around estrus, but they observed 

little or no gl y cog en from day eight till day fourteen of t he cycle. 

Glandular g l y cogen distribution was largely limited to t he superfi cial 

glands . Moss ~ al . (1954) used the PAS reaction to detect the pr esence of 

gl ycogen in t he endometrium. Positive staining was seen from a few days 

before until at least five days aft er the begi nning of estrus . No 

glycogen was present from days 8-13 . The amount of gl ycogen in the 

superficial gland varied considerably but a correlation with the stage 

of the cycle could not be established . Skjerven ' s _(l953a, 1956a , 1956b) 

results are generally in agreement with those of Moss ~ al. (1954) . He 

reported a gl ycogen ri ch peri od in the surface epithelium lasting about 

fourteen days; the first six and the last ei ght of the cycle , while no 

gl ycogen was seen during the r emai n i ng seven days . The gl ycogen gr anules 

were fairly equally di s tributed over t he entire epithelium. Hoderate 

quant ities of gl ycogen granules were al ways present in the glandular 
-

epithelium irrespective of t he s t age of the g l and . Van Den Hoek (1959) 

reported that during estrus , the quanti ty of gl ycogen which could be 

observed in t he sur face epithel ium, varied considerably . In one animal , 

it was almos t nonexistent. The epi thelium covering t he caruncles was 

completely devoid of gl ycogen during estrus . In t he proges t ational phase , 

I 
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the surface epithelium was devoid of glycogen whereon it was always 

present in the caruncles. The glands contained varying amounts of 

glycogen irrespective of the phase of the cycle. 

Larson et al. (1965) reported that the concentration of the periodic-

acid-Schiff material was greatest during estrus and lowest from 8 to 14 

days. The superficial portion of the glandular epithelium followed the 

same cyclic changes as the surface epithelium but the basilar portion of 

the uterine g lands did not exhibit any cyclic histochemical pattern . 

Lipids 

By means of the Sudan IV method and birefringent examination , Weeth 

and Herman (1952) observed only a slight reaction for lipids in the surface 

epithelium at one, four, and eighteen days pos testrus. In the cyclic 

glands , epithelial lipi~s were maximal at four days postestrus and none 

was detected at 11 , 14, or 15 days postestrus. Skjerven (1956b) used the 

Feltrat 7B method to study the fat content. Fat was observed in the 

surface epithelial cells in most biopsies obtained between day 10 and two 

days before the next estrus . 

Electron Microscopy of the Uterine Epithelium 

The electron microscope has been used to study the endometrium in 

several species. Burgos and Wislocki (1958) studied the endometrium of 

the guinea pig. At estrus , the surface end glandular e pithelium consisted 

of tall columnar cells resting on a thin basement membrane with the nuclei 

almost filling the lower half of the cells. At me t es trus, the cells 
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appear ed shorter and terminal bars were more conspicous. The cells were 

smaller a t diestrus with shrinkage of t he nuclei and r e l ative absence of 

cytoplasmic inclusions. Nilsson (1958a, 1958b, 1958c , 1959a , 1959b , 

1959 c) studied the ultrstructure of the mouse uterine epithelial surface 

under different estrogenic influences . He found t hat the differences in 

the appearance of the uterine epitheli um from spayed mice and f rom estrous 

mice consisted of an increase in t he cell hei ght , a change in the amount of 

lipid material and a change in t he appearance of the mitochondria. Uterine 

secretion was stimulated by injection of l ong acting estrogens. The 

secretion was char acterized by the presence of long microvilli, larger 

Golgi r egion wi t h many vesicles and vacuoles and an increase in cell size. 

Larsen (1962) studied t he uterine epithelium in r abbits . The uterine 

epithelium in estrus was comprised of ciliated and non-ciliated cells . 

The cytoplasm of the ciliated cells was less electron opaque, t he nuclei 

of ten irregul ar in shape and the mitochondria smaller and more varied in 

shape t han t hat of t he non-ciliated cells. _ Cyclic cytological changes 

occurring in the endometrial epi t helium during the human menstrual cycle 

have been studied with t he electron microscope by Borell et~· (1959), 

Gompell (1962) and Nilsson (1962). Borell~ al . (1959) found that t he 

glandular epi t helia l cells were short and possessed short microvilli in 

the inact~ve stage , and became taller and exhibited longer microvilli in 

the proliferation phase . Gompell's (1962) findings are in essential 

agreement with those of Bor ell and associ at es. Nilsson (1962) had added 

I 
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l 
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to the above description by mentioning the occurrence of lµ granulated 

bodies that were presumed to be l ysosomes. Stinson ~i!l· (1962) studied 

the ultrastructure of the bovine endometrium. They reported the surface 

epithelium to be pseudostratified columnar throughout most of the cycle, 

while at times, it appeared to be low and of a simple columnar type. The 

basement membrane was 0.1µ thick and microvilli were found on the distal 

part of the cells . Two types of mitochondria were found: a large 

spherical type and a long filamentous t ype . Glandular epithelial cells 

showed cilia on their distal border. The cyclic changes were described 

as consisting of a degenerative phase which began at the time of estrus 

and extended for the next six to seven days. A regenerative phase which 

began about the eighth day after estrus continued until the peak of the 

cellular activity occurred at the 19th day of the cycle. Fat granules 

were observed to accumulate in the cytoplasm at about the 13th day. 

Light Microscopy of the Cervical Epithelium 

Murphey (1924) . described t he t ypi cal loaded and secreting cells of t he 

cervix as hi gh coltnnnar with a circular or laterally compressed, granular 

nucleus. He noted that the goblet cells were nearly always flanked by 

pyknotic cells . The maximal height of the loaded sta te occurred about 

the 17th or 18th day . Active secretion of mucus began at the tips of the 

primary and secondary folds of the cervix on the 19th or 20th day of the 

cycle. Hammond (1927) found the histologica l changes of the cervix to be 

similar to those occurring in the upper vagina: congestion and edema 
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during and just after heat , cuboidal cells in diestrus becoming columnar 

and ful l of mucus during heat, discharging and becoming ragged and 

cuboidal about 72 hours after heat . Cole (1930) reported t hat the cells 

of the cervical epithelium were tall and large during estrus with the 

l ong axi s perpendicular to the basement membrane. At this time , t he 

cel ls wer e actively secreting mucus which could be observed hanging in 

long strings from the vulva during heat . In proestr us , Cole (1930) 

r eport ed that the nuclei were flattened and the cell size reduced . At 

diestrus , the cells no longer contained mucus and the epithelium was 

made up of a single layer of low columnar cells . Herr ick (1951) gave a 

day- to- day descripti on of the epithelial cells of the cervix during the 

cycle. He s t ated that all columnar epithelial cells of t he cervix produced 

mucus and all may become goblet cel ls . The cel l s varied in s i ze , t h e 

average measurements wer e 15µ in diestrus up to 19µ during heat. He 

r eported the cells t o be nonciliated . 

Roar k and Herman (1950) reported that the mucosa of the cervix wa s 

t h r own up into many plica that had a central core of cell poor connective 

t issue. These plica were lined by a single layer of mucoid epithelium 

which formed s i mple sacculated and/or branched tubular glands . Evidence 

for secretory activity by t he columnar epithelium was found at all s t ages 

of the cycle . During estrus, the cells were columnar with basally cr owded 

and el ongated nuclei. Two days pos t es trus, the height and form of the 

superficial epitheliwn was quite variable. In s ome areas , t he epi t helium 

was tall columnar , whereas in other regions , the cells had become cuboidal, 
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t he nuclei being ova l and l ess basally locat ed . At 6-10 days pos t es trus , 

the epithelial cells were gr eatly r educed in size . In t he deeper crypts 

however, some of the cells were columnar. During proes trus , t he epithelium 

increased slightly in dep t h , t he cells changing f r om cuboidal t o columnar 

f orm. Secre tion of mucus s t a rted a t t h i s time . 

Histochemis try of t he Cervical Epithelium 

Wheeler and: Danziger ·{l955) s tudi ed t he histochemistry of t he human 

cervix . They reported the pr esence of a maximum alkaline phosphatase 

react ion in t he distal {luminal) cytoplasm of t he cells , but t he glandular 

secretions wer e also positive. Gl ycogen was l oc a lly pr esent in t he 

cytoplasm of the basal cells in some specimen s and was pr esent in t he 

more superficial l ayers in all cas es . They could not r ecognize t he phase 

of t he mens trual cycle in_ the cervix from the r eaction of t hese s ubs t ances . 

Gompel l (1962) , using a modifi ed PAS staining pr ocedure, reported t he 

presence of a positive r eaction in the apical area of the human cervical 

cell . He concluded that these mat erials wer e mucus . Herrick (1951) used 

Mayer ' s Muci-Carmine stain in his study of t he bovine cervix to det ermine 

what cells in the mucous membr ane wer e capable of producing nucus . 

Elec tron Microscopy of t he Cervical Epithe liltI!l 

Chapman ~ al . (1964 ) s tudi ed the normal human cervi cal epithelium 

during pregnancy . They reported the pr esence of ciliated cells with 

poorly developed endop l asmic r e ticulum and very few secretory granules 

t hat wer e i n t erspersed be t ween t he predominantly mu cous cel l s . The apical 
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portion of each of these cells appeared to be occupied mainly by the 

secretory granules; however, Golgi zones, granular endoplasmic reticulum, 

and mitochondria were seen. No reports on the ultrastructure of the 

bovine cervical epithelium were found in the literature. 

l 
T. 
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MATERIALS AND METHODS 

Animals 

Animal s for this work were obtained from the beef herd of the 

Veterinary Medical Research Institute. Thirty two animals were used 

as follows: 

5 animals were 2 years 
8 animals were 3 years 
3 animals were 4 years 
2 animals were 5 years 

10 animals were 6 years 
2 animals were 7 years 
2 animals were 8 years 

32 Total 

Of these: 

10 animals were heifers 
7 animals had one calf 

old 
old 
old 
old 
old 
old 
old 

4 animals had two calves 
8 animals had three calves 

_1 animals had four calves 

32 Total 

These females were selected from the herd because of one of the following 

reasons: 

1. Mastitis 
2. Poor gain of calves 
3. Undesirable conformation and foot defects 
4. Poor disposition (nervousness) 
5 . All mixed breeds, Hols tein and Angus, were removed to establish 

a Hereford herd 
6. Poor conception - animals 1120, 1121 , /123 were cycling normally 

but showed poor conception rate 

The animals were kept on pasture from May to November and on good quality 

alfalfa hay during the winter. Pregnant heifers were supplemented with 

grain . Animals were in good appar ent health and were under supervision to 
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establish their estrous cycle for at least three complete cycles. The 

twelve animals that were used for biopsy samples conceived normally 

after the last operation . 

Collection of Tissues 

Tissues were collected by means of the following three methods: 

1. post mortem 
2. ovariohysterectomy 
3 . biopsy 

The animal distribution for each method follows. 

Post mortem 

Cow no. Breed Age No . of calves 

3 Angus x Holstein 2 
4 Angus x Holstein 2 
7 Angus x Holstein 2 -· 
8 Angus x Holstein 2 
9 Hereford 3 

11 Angus 6 2 
12 Hereford 3 
18 Hereford 3 
19 Hereford 3 
20 Hereford 5 1 
21 Hereford 5 
23 Hereford 6 2 

12 Total 

Surgery 

Cow no . Breed Age No . of calves 

28 Hereford 6 3 
29 Hereford 6 3 
30 Hereford 2 
31 Hereford 6 3 
32 Hereford 7 4 
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Cow no. Breed Age No . of calves 

33 Hereford 8 2 
34 Hereford 6 3 
35 Hereford 6 2 

8 Total 

Biopsy 

Cow no. Breed Age No. of calves No . of biopsies 
Uterus Cervix 

28x Hereford 6 3 2 
3lx Hereford 6 3 8 7 
33x Hereford 8 2 8 8 
34x Hereford 6 3 11 1 
35x Hereford 6 2 4 11 
51 Hereford 3 1 1 1 
53 Hereford 7 4 4 
58 Hereford 3 1 1 
60 Hereford 3 1 1 
68 Hereford 8 4 1 
75 Hereford 6 3 2 
76 Hereford 6 3 2 
82 Hereford 6 3 3 
90 Hereford 4 3 4 4 
92 Hereford 3 1 1 
93 Hereford 4 1 2 1 
94 Hereford 4 1 2 

17 55 35 

x-Biopsy was taken before surger y . No biopsies were taken from 

heifers. 

Samples were taken in each month of the year and distri buted as 

follows: 



Number of 

12 
2 
4 
5 
7 
8 

10 
9 
7 

14 
11 

2 

16 
16 
27 
32 

23 

samples 

or 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Winter 
Spring 
Summer 
Fall 

Post mortem Tissues were collected from the uterus and cervix 

approximately fifteen minutes after slaughter. Samples of these tissues 

were used only for light microscopy and were placed in 107. formalin or 

807. cold alcohol for the histochemistry and light microscopy work. 

Hysterectomy The cows were prepared for hysterectomy by fasting 

for two days prior to surgery. Promazine hydrochloride* was given as an 

ataractic agent half an hour prior to surgery intravenously at a rate of 

0.15 mg . per one pound of body weight . 

The left paralumbar area was clipped with a #40 blade electric 

clippers. The sk in was scrubbed three times with soap, rinsed with fresh 

water, dried and isopropyl alcohol applied. The skin was then painted 

*Sparine : Wyeth Laboratories. Philade l phia, Pennsylvania 
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with tincture of Merthiolate* . Two per cent Xylocaine hydrochloride** 

was used for the paraltnnbar anesthesia. 

The operation field was draped with sterile drapes leaving only 

enough space for the laparotomy incision. A perpendicular incision, 

7 inches long , was made in the left paralurnbar area. The external and 

internal abdominal oblique muscles were dissected, the transversus 

abdominus muscle separated and t he peritoneum exposed and carefully 

incised. The abdominal visera was inspected and the uterus i denti fied. 

The left ovary was palpated, the ovarian blood vessels were doubly 

ligated with Ill catgut and dissected in between . The broad ligament 

was bluntly separated from the uterus . The right ovarian vessels were 

then ligated and dissected in a similar manner . The os uter i was located 

and t he ute rus transected cranial to it thus al l owing for the rer..1oval of 

the entire uterus and both ovaries a t the same time. 

The laparotomy incision was closed by suturing the peritoneum and 

the transversus abdominus muscle together with a continous suture using 

112 catgut. The abdominal oblique mus cles wer e sutured in a simi l ar manner 

and the skin incision was closed wi th a continous suture us ing medium 

Vetafil***· 

Biopsy A modi fied recta l biopsy instrument was used to obtain t he 

biopsies (Stinson ~ al. (1962). The r ect al-vagina l area was washed and 

*Corvel, Inc., 1124 Harney Str eet, Omaha , Nebr as ka . 

**JenSal Laboratories, 1117 Grand Ave ., Des Moines, Iowa. 

***Vetafil: Begen, Begen and Co., Gmbh., 8112 Dreyer Street Hanover. 
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thoroughly cleaned. The cervix was fixed per rectum. The instrument, 

protected with a glass speculum when introduced into the vagina to 

prevent contamination, was passed into the uterus. The uterine wall was 

pressed into the jaws of the instrument and a sample approximately 3 x 

5 mm. in size was snipped off. An attempt was made to take successive 

biopsies from various parts of both of the uterine horns. The same 

technique was used in obtaining the sample from the different cervical 

folds. The tissues were placed in the fixative within one minute after 

the operation. 

Histological techniques 

After obtaining the samples, they were divided into two parts. One 

part was fixed in a 107. neutral formalin for at least 24 hours. The 

tissue samples were then cut with a razor blade into 1 cm. 2 blocks and 

processed in the Technicon , embedded in paraffin blocks and cut into 

sections 6-10µ thick. Tissues fixed in formalin were stained with 

Hemotoxylin eosin and Periodic-Acid-Schiff stains. The second part was 

fixed in 80% alcohol at a temperature of 0° C for 24 hours and then 

processed in the Technicon. The sections were stained in Hematoxylin-

Eosin and alkaline phosphatase stains. 

Alkaline phosphatase For the demonstration of alkaline 

phosphatase the method of Gomori (1952, p. 184) was used. Sections were 

incubated for two hours in a solution containing sodium glycero-

phosphate, calcium chloride, sodium barbital, and magnesiun sulfate 
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adjus ted to pH 9.4. The tissues were t hen put in a cobalt nitrate 

solution, rinsed and t hen treated with ammonium sulfi de solution. Brown 

cobalt sulfide was t hen visible in t he tissue under t he micros cope . 

Periodic Acid Schiff (PAS) The me t hod of Mei~anus (1946) was 

used to deraons trate t he PAS positive react ion i n the tis sue. Control 

slides were incubated in diastase fo r t wo hour s at 37° C to r emove the 

glycogen. 

Oil-red- 0 Tissues were fixed in 10% fonnalin for 24 hours and 

sectioning was then done on a freezing micro t ome. Sections of 10- 15 

micra wer e stained with oil-red- 0 (:Mallory , 1942) for five minutes , 

counterstained with Harris hematoxylin f or one minute and n ounted in 

Farrants mounting medi a (Lillie , 1954). 

Light microscopy Tissues were observed in t he Leitz-Ortho l ux 

microscope. Only the intercaruncular ar ea was examined and r ecorded . 

Measurements wer e done with an eyepiece micrometer using the hi gh dry 

(42x) obj ectives. An effor t was made to select a represent a t ive ar ea 

of t he section for measur ements, but no aver aging of t he readings was 

done. 

Black and whi te pi ctures wer e taken on t he MP- 3* camera and t he 

color pictures wer e t aken on a 35nnn. camer a . Es timation of t he degr ee 

of reaction to a l kaline phosphat ase and PAS t echniques was based on a 

scale r anging f r om 0- 4 as recorded in Tab l es 1, 2 , 3 , 4 and 5 . 

*Pol aroid Corporation . Cambridge , Mass . 
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Electron microscooy Tissues were minced in 4 . 5% cold 

gl uteraldehyde solution buffered with phosphate buffer to a pH of 7 . 4 

They were then prefixed in that solution at 3° C for thirty minutes, washed 

in buffer solution and post fixed in cold 1% osmium t etroxide solution 

buffered with the same buffer (Millonig , 1962) fo r one hour . The blocks 

were then dehydrated in a series of ethyl alcohols of increas ing concen-

tration up to absolute alcohol . The tissues were then inf iltrated and 

embedded i n a 9:1 n-butyl- ethyl methacrylate t o which 5% dibenzyl- benzene 

and 2% benzol peroxide were added (Kushida, 1961). The tissues were then 

pl aced in No . 0 gelatin capsules and polymerized in ul traviol et light . 

Tissues were also embedded in Ar aldite M* , placed in Beem** capsules and 

polymerized at 50° C for 48 hours . For the purposes of orient ation , 

thick sections were cut with a razor blade and were _examined by means of 

the phase microscope . The face of the block was trimmed to a . 3x . 4mm 

face that contained mainly the epithelial tissue . Sectioning was done 

with glass knives on LKB 8800 and Cambridge Ultramicr otomes . Thin sections 

showing grey or silver grey interference color were floated on wat er and 

picked up on copper grids t hat had been coated with parlodion . The 

sections were stained with lead acetate iu11onig , 1961) or lead citrate 

(Reynolds , 1963). The sections were examined by means of the Hi tachi HS- 6 

and HUllA electron microscopes . 

*Dur cup an AC11 . ICii . City of Indus try , California. 

**Beem. Bronx, New Yo r k . 
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OBSERVATIONS 

Light Microscopy 

Ut e rus (surface epi t helium) 

The observations made by means of the light microscope ar e 

summarized in Tables 1 and 2 and in Gr aph 1. Some diffe r ences were 

observed between t he samples taken f rom older cows and heifer s in t his 

experiment . The sur face epithelium obtained from the hei fer s showed 

fewer variations within t he s t age of t he cycle and more definite changes 

correl a ted with the s t age of the cycle than the samples from t he cows . 

The size of t he surface epithelium was l owest at estrus (Fig . 3) and 

increased in height f rom t he fourth to t he fifteenth day pos t estrus (Fi gs . 

S, 11 and 13) . After the fifteenth day , it reduced in s i ze pr ogr essively 

until estrus when the epithelium was t he l owest . Fi gs . 7 an d 8 demonst r ate 

t he differences i n the surface epithelium bet ween samples t aken from a 

heifer six days post estrus and a cow seven days post estrus . Some 

variations wer e found concerning t he s ite of nuclei in the cel ls. During 

proes trus and es trus , the nuclei were f ound in all parts of t he cells 

(Figs . 1 and 15) t hat is , some were located towar d t he l urnina l surface of 

t he cells while others wer e l ocated near t he basement memb r ane . During 

midcycl e t he nuclei seemed to concentr ate in t he pr oxi mal hal f of t he 

cells (Figs . 5 and 7) . " Clear cells" and leucocytes wer e abundant during 

es trus , reduced in number in mi dcyc l e and inc reased again during proes trus . 

The samples t aken from older cows did not show the t ypical cyclic 
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Table 1. Surface epithelium of heifers 

Animal Collection Days in Size in Nuclei Clear WBC PAS AP Cilia 
number me thod cycle mi cra site cells 

21 p 1 12 1 4 4 4 3 

18 p 4 17 1 4 4 2 2 

12 p 5 28 1/2 2 2 2 2 

3 p 6 32 1/2 2 2 0 4 Pr 

7 p 12 34 1/2 2 2 0 4 

30 s 13 32 3/4 3 1 1 3 Pr 

19 p 13 32 1/2 2 1 0 4 

4 p 15 35 1/2 1 1 1 1 

8 p 16 34 1 3 1 2 4 

9 p 18 17 1 3 2 3 2 

10 Total 

p = Post mortem 
s = Surgery 
Pr = Present 

vari ations that wer e observed in heifers. In the older cows , t he height of 

t he epithelium fluctuated throughout the cycle (Figs . 1, 9 and 15) as did 

the site of the nuclei , t he number of clear cells and t he leucocytes (Figs . 

1 , 8 and 9) . Ther e was no differ ence between samples taken by biopsy or 

surger y . 

Cilia wer e found on the uterine surface epithelium of several cows in 

less than 1% of the cells. The percentage of the cells with cilia was much 
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Table 2. Surface epithelium of cows 

Days Size Oil-
Animal Collection in in Nuclei Clear WBC PAS AP red- Cilia 
number method cycle micra site cells 0 

34 s 1 28 1 1 3 4 1 0 Pr 

34 B 1 30 1 2 3 4 l 

29 s 2 20 3/4 l 4 3 2 0 

34 B 2 30 1/2 2 2 2 

34 B 3 32 3/4 2 2 0 

11 p 3 30 1/2 3 3 2 2 

35 s 5 20 1/2 2 3 0 4 0 

90 B 5 25 1/2 2 3 0 -
28 s 7 27 1/2 2 1 l 4 0 Pr 

31 B 7 20 3/4 1 3 0 

34 B 8 30 1/2 1 2 1 

31 s 10 34 3/4 3 2 0 4 1 

23 p 10 34 1 4 4 4 4 

31 B 10 32 3/4 3 4 0 

33 B 10 30 1 1 2 0 

35 B 11 30 1 2 1 0 

31 B 12 28 3/4 1 4 

34 B 13 23 3/4 3 3 1 

33 B 14 26 1 2 2 l 
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Table 2 (Continued) 

Days Size Oil-
Animal Collection in in Nuclei Clear WBC PAS AP r ed- Cilia 
number method cycle micra site cells 0 

33 s 16 34 1 3 1 1 4 3 Pr 

32 s 18 30 1 1 1 2 3 3 Pr 

34 B 20 34 1/2 2 2 0 

20 p 21 32 1/2 4 3 3 3 Pr 

B Biopsy 
p = Post mortem 
s = Surgery 
Pr Present 

higher in the neck of the glands than on the surface epithelium (Figs . 17 

and 18) . 

Uterus (glandular epithelium) 

The glandular epithelium of the heifers shrn~ed ~arked differences f r om 

that of the cows. The results are summarized in Tab l es 3 and 4 and 

Gr aph 2 . In the heifers , a cyclic change was observed in the size of t he 

epi t helium that was parallel , in general , to that found in the surface 

epithelium. It was low in estrus (Fig . 4) and start ed to increase f r on 

post estrus (Fig . 6) until day 13 (Fig . 12) when it s t arted to decrease 

again . The size of the lumen and the overall size of the glands varied 

considerably and no pattern could be found, although i n general , t he lumen 

was much smaller during the midcycle than during estrus . Nuclei and 



Table 3. Gl andular epithelium of heifers 

Days Epithelium Lumen Gl and Oil-
Animal Collection in size in size in size in Se- Cilia Clear WBC PAS AP red-
number cycle micr a micr a micra cretion cells 0 

21 p 1 10 68 70xl 20 Pr 0 3 2 4 3 

18 p 4 18 45 51x85 Pr 0 3 3 2 4 

12 p 5 17 15 48x56 0 0 2 3 2 2 

3 p 6 18 23 56x30 0 0 1 2 0 4 

7 p 12 21 0 48x37 Pr Pr 1 2 4 

30 s 13 22 10 46x50 0 Pr 1 0 0 4 0 

19 p 13 19 0 40x52 Pr 0 1 1 4 

4 p 15 16 12 60x45 0 Pr 0 1 3 4 
w 
N 

8 p 16 17 10 44x60 0 0 1 1 2 4 

9 p 18 17 8 20x40 0 0 1 3 2 2 

p = Pos t mortem 
s = Surgery 
Pr a Pr esent 



Tab le 4. Gl andular epithelium of cows 

Days Epi thelium Lumen Gl and Oil-
Animal Co llection in size in size in s ize in Se- Clear Cilia wnc PAS AP red-
number method cycle micra micra micr a cretion cells 0 

34 s 1 8 23 40x42 0 1 0 2 2 2 
34 B 1 20 40 90x95 Pr 1 0 0 0 
29 s 2 17 17 52x55 0 1 0 1 0 4 0 
34 B 2 34 36 102x95 0 2 Pr 0 0 
34 B 3 19 20 58x62 0 2 Pr 1 
11 p 3 17 17 58x60 0 2 Pr 2 2 2 
35 s 5 18 3 54x40 Pr 3 0 1 0 4 0 
90 B 5 25 0 5lx68 Pr 2 0 1 0 
28 s 7 17 16 48x51 0 1 0 2 0 4 
31 B 7 35 0 80xl 02 Pr 0 Pr 0 0 
34 B 8 19 25 65x68 0 1 Pr 0 0 
31 s 10 20 8 56x50 Pr 1 0 0 0 3 
23 p 10 18 8 68x45 0 2 Pr 2 2 4 
31 B 10 34 0 85x64 Pr 1 0 0 0 
33 B 10 15 50 85x80 0 1 Pr 0 1 - w - w 
35 B 11 18 30 66xl00 Pr 1 0 0 0 
31 B 12 32 22 85x87 Pr 1 0 0 
34 B 13 20 20 60x58 0 2 Pr 0 0 
33 B 14 33 20 86x90 0 1 Pr 0 1 
33 s 16 19 34 72x75 Pr 1 Pr 0 1 4 0 
32 s 18 9 12 •78x30 0 1 Pr 0 0 2 0 
34 B 20 25 0 49x53 Pr 0 0 0 0 
20 p 21 7 2 34x20 Pr 1 0 1 1 2 

B • Biopsy 
p .. Post Mortem 
s "" Surgery 
Pr • Present 
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cellular debris were found in the lumen in different stages of the cycle, 

with the greates t amount being found 10-15 days of the cycle (Fig. 10). 

Fluid secretion was difficult to observe with the light microscope. Cilia 

were observed whenever the lumen was free of secretion (Figs. 14 and 16). 

Hore "clear cells" were seen during estrus and postestrus and the same was 

true for the leucocytes. In mature cows, the glandular epithelial lumen 

and overall size showed no cyclic pattern. Variations within the same day 

of t he cycle were even greater than beDveen different stages (Figs. 2 and 

6). There were fewer leucocytes seen around the glands than in the surface 

epithelium and some clear cells were present all of the time (Figs. 14 and 

16). 

Histochemistry of the uterine eoithelium 

Alkaline phosohatase A summary of the results can be found in 

Tables 1, 2, 3, and 4. Alkaline phosphatase was present in the samples 

of surface epithelium taken from heifers at all stages of the cycle. In 

general , higher concentrations of the enzyme were noticed during midcycle 

than during estrus (Figs . 21 and 22) . The positive reaction for the 

enzyme was found on the luminal surfac~ of the epithelial cells. The 

basal cytoplasm and nuclei were inactive. Glandular epithelium also 

showed positive reactions (Figs . 19 and 20) but, the results were not as 

consistent as in the surface epithelium. Glands located close to the 

surf ace contained more of the enzyme than glands located deep in the 

stratum compactum (Fi gs . 23 and 24). The glandular epithelium located 
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near the uterine surf ace of both cows and heifers showed the same results 

with slight increases in activity during the midcycle with only the distal 

border of the cells involved. The capillaries and the walls of the blood 

vessels reacted positively to the phosphatase technique with no relation-

ship to the stage of the cycle. Connective tissue around the glands and 

in the stroma was also positive. The stratum compactum just under the 

surface epithelium showed a stronger positive reaction than did the stratum 

spongium (Figs. 22 and 23). 

Periodic acid Schiff reaction A surmnary of the results can be 

found in Tables 1, 2, 3, and 4. In the surface epithelium, the PAS positive 

material showed distinct cyclic changes. There was, in most animals, more 

PAS positive material during estrus than any other stage but the material 

was also found during the first five days and the last seven days of the 

cycle (Figs . 25 and 26). In some cases, the stained granules were so dense 

that it was difficult to differentiate them from one another. The amount 

of the positive granul es varied from cell to cell, but were mostly located 

in the supranuclear area. The granules disappeared following one hour of 

digestion in a 2% diastase solution but there was a very thin line of PAS 

reaction along the lumina l surf ace of the epithelium that was saliva 

resistant (Fig . 27). Cow 23 showed marked reaction to t he PAS staining in 

the midcycle. This cow did not confonn to the pat t ern observed in the 

other animals studied in which PAS positive material \las very scanty during 

midcycle. In t he glands, only a few epithelial cells showed positive 

reactions. There was more PAS positive material during estrus than during 

Ii 
1 

I' 

\ 

I 
i 
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midcycl e (Fi g . 28) and more was found in t he superficial t han in deep 

glands . The amount of material in the glands never exceeded t hat of 

t he surface epithelium. Mature cows had l ess PAS posi t ive material 

observed in t he glands than heifers . 

Oil-red- 0 technique Only a limited number of specimens wer e 

availab l e for this study . A positive reaction was found in t he forn of 

dis tinct droplets only in the surface epithelium. The dr oplets were 

found throughout t he cells in variable sizes and locations . Host samples 

t hat wer e taken during proestrus showed positive reactions (Figs . 29 and 

30) . No dropl e ts co.uld be found in s amples t aken from cows during estrus 

or pos t es trus . Glandular epithelium did not show dr oplets of positive 

materia l but some weak general coloring of the gland was sometime observed . 

Cervix- epi t he lium 

The summary of t he results of t he 16 sampl es of cervical epithelium 

can be found in Table 5 and Gr aph 3. Two t ypes of cells wer e found in t he 

cervical epithelium; t he mucoid cells and t he ciliated cells . The mucoid 

cells contained mainly mucus; t he quantity varying and dependinB upon the 

stage of t he cycle. The cells wer e filled during es trus (Fi g . 31) , but 

were mainl y r educed in size in t he firs t few days of the cycle. On day 5 , 

a slight increase in si ze was noticed t hat pr oceeded until a maximum was 

reached at 8 days (Fi gs . 32 and 33). A process of cell s ize reduction 

started a t this stage and continued unti l day 16 of t he cycle (Fi gs . 34 and 

35) . During proes trus , t he cells started t o increase i n size once again 
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Table 5. Cervical epithelium 

Days Epithelium 
Animal Collection in size in Nuclei Cilia AP PAS 
number method cycle microns site 

90 B 1 20 bottom Pr 4 

34 B 2 16 bottom Pr 2 

11 p 3 14 1/3 Pr 2 

90 B 3 10 1/2 Pr 2 

12 p 5 17 1/3 Pr 3 3 

3 p 6 18 1/3 Pr 3 4 

28 s 7 20 bottom Pr 0 4 

35 B 8 36 bottom Pr 4 

94 B 10 25 bottom Pr 4 

94 B 12 20 bottom Pr 4 

35 B 14 20 bottom Pr 4 

33 B 15 15 1/2 Pr 3 

8 p 16 14 1/2 Pr 2 

33 B 17 32 bottom Pr 4 

9 p 18 19 1/2 Pr 3 4 

B "" Biopsy 
s = Surgery 
p "' Post mortem 
Pr "' Present 
AP = Alkaline phosphatase 

I 
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(Fig . 36). Nuclei wer e generally f ound in the basal part of the cells 

when the cells were tall and filled with mucus , but occupied one-half 

or more of the cell when the epithelium was low. 

The second type of cell that was found in the epithelium was the 

ciliated cell. These cells contained little mucus and , when stained with 

Hematoxylin-Eosin and observed under oil innnersion, were seen to have a 

bright color (Fig. 36) which made them stand out in distinct contrast to 

the mucous cells. The cilia could be seen extending toward t he lumen 

(Fig . 42) and resembled the cilia f ound in the uterine glandular 

epithelium. The ciliated cells were found in all of the sections of the 

cervix that were studied. Approximately 10% of the cells in the cervical 

epithelium were estimated to be ciliat ed . 

Histochemistry of the cervical epithelium 

Alkaline phosphat ase Only a limited number of s pecimens wer e 

available for this study. The results ar e sunu:nari zed in Table 5. The 

enzyme was present in the capillaries and connective tissue of a ll of 

the sections in various quantities, (Figs . 37 and 38). At day 7, no 

reaction could be found in the surface epithel ium (Fig . 37) but, in all 

the other samples studied, a positive sta ining fo r alkaline phosphat ase 

was found (Fig . 38). The enzyme was loca t ed nainly as a line on the 

lumina l surface of the epitheli al cells and in t he endo t he lium of t he 

subepithelial capillaries. 
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Periodic-acid-Schiff PAS positive material was found in all 

the epithelilial cells of the cervix t hroughout the cycle. This 

material was pr esent in granular form and occupied the same part that 

was taken by mucus in the cells. This was usually the lur:iinal half 

or more of the cells. Quantities varied according to the location 

of the cells in the folds and to the stage of the cycle. Those 

located deep in the cervical folds (Fig. 39) usually had more P.A.S. 

positive material present. The reaction was strongly positive and at 

low power (lOOx) gave the impression that all of the cytoplasm of the 

cells was positive. Under high power, (420x) the luminal location of 

the granules could be determined. During midcycle , the positive 

reaction was not as strong (Fi g . 40). At eighteen days post estrus, 

the amount of P . A. S. material started to increase ag_ain. No positive 

reaction was seen in the nuclei, the basement membrane or the connective 

tissue. 

Those sections that were incubated in diatase to remove the 

gl ycogen before staining with Periodic-acid-Schiff stain did not show 

any marked difference from non-treated sections. This suggests that 

the mat erial present was mainly mucopolysaccharide. 
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Electron Microscopy 

Basic cytology of the endometrial enithelial cells 

Surface epithelium The surface epithelium was found to be pseudo-

stratified columnar during most stages of the cycle (Fig. 43) except 

during estrus when it was low columnar epithelium. Microvilli were pre-

sent on the luminal surfaces at all stages of the cycle . They were 

extensions of the cell surface and were covered by the plasma membrane , 

Their number and length varied during the cycle , During estrus, there 

were only a few microvilli present (Fig. 44), but some were very long and 

branching was observed in some specimens (Fig, 45), Several sections 

photographed were ~ithout microvilli 1 but this was considered to be an 

artifact resulting from fixation or embedding problems (Fig , 47), During 

midcycle , the microvilli were numerous and resembled a brush border on the 

distal surface of the cell (Fig . 46). Some of the microvilli were covered 

by an outer coat adhering to the plasma membrane which gave a furry 

appearance. Small numbers of ciliated cells were found in t he surface 

epithelium of several cows (Fi g . 48). These cells were similar to the 

non-ciliated cells except for the presence of the cilia , Three types 

of attachments were observed that had the function of holding the cells 

together; terminal bars, desmosomes and cel l membrane interdigitation. 

The terminal bars were found near the surface of the cells and were 

sometimes seen extending across the cell's distal part (Fi gs . 49 and 50). 

They extended around the enti r e circumfer ence of the cells and consisted 

of an amorphous, dense substance, Desmosomes wer e found at different 

levels on the latera l cell membrane, The lateral cell surfaces were also 

found to have invaginations which interdigitated with similar processes 
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of adjacent cells. Some were very elaborate while others showed finger-

like projections (Fig . 49). 

The nuclei of the cells were found in different positions in the 

cells at different stages of t he cycle. Sometimes they were close to the 

surface while at other times they were very close to the basement mem-

brane. The nucleoplasm was scattered with aggregations of chromatin 

material and was enveloped by a two unit membrane that consisted of 

two membranes with a space between t hem (Fig . 4 7). Two basic t ypes of 

mitochondria were found in the cells ; a r ound , small type and a large 

slender type (Fig . 51). They varied in number and size; however, the 

ultrastructure of the two types was identical. They were surrounded by 

a triple-layered membrane and showed typica l cristae. The mitochondria l 

matrix was found between these cristae. Tubules of endoplasmic reticulum 

were observed in all cells as well as the Golgi complex . The latter 

varied in size, shape and number in different preparations. The Golgi 

complex was found to consist of pairs of paired membranes and small 

vesicles. 

The epithelial cells rested on a basement membrane that was dis-

tinctly seen as a separation between the epithelium and the connective 

tissue (Fig . 52). Lipid gr anules wer e identified in some stages of the 

cycle . They were electron dense, irregular, large bodies . They were 

found in different parts of the cells but usually in close proximity to 

the nuclei . They were present only during diestrus and proestrus (Fi g . 

52). In some preparations (Figs . 49 and 50) an apocrine type of secre-

tion was observed and fragments of cellular debris were seen next to the 

...... 

, 
" 
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cell surface. 

Glandular epithelium The basic cytology of the glandular cells 

was found to be very similar to that of the surface epithelial cells 

(Fig. 53). The cells varied considerably in their length and width and show-

ed a tendency for apocrine type secretion (Fig . 54). Many cells were ob-

served to have cytoplasmic processes broken off into the lumen of the 

gland which was full of secretory material (Figs. 55 and 58). The big dif-

ference from the surface epithelial cells was the presence of a large number 

of ciliated cells (Fig. 53). These ciliated cells were very similar in 

structure to the non-ciliated cells that showed microvilli extending from 

their distal surface. The ciliated cells varied in number but were found 

much more frequently than the ciliated cells of the surface epithelium. 

Another type of cell that was found less frequently was an electron dense 

cell that seemed to have u smaller number of mitochondria and more exten-

sive systems of endoplasmic reticulum (Fig. 56). Only a few of these cells 

were found and their origin and function are unknown. Both ciliated and 

non-ciliated cells exhibited a large number of long filamentous mito-

chondria that were found mainly in a supranuclear location. Endoplasmic 

reticulum and Golgi were similar to those found in the surface epithelium. 

Granular vacuoles were found in some cells and in the lumen of some glands 

(Fig. 57). The cells were found to be resting on a basement membrane, and 

the plasma membrane was observed to have a large nllI!lber of desmosomes and 

terminal bars (Fig . 58). 

Cyclic changes in the surface epithelium 

Estrus The epithelium at this time was low columnar and was sup-

ported by a basement membrane. Vacuoles observed in some cells appeared 
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to be circumscribed pale areas in the epithelium near t he sur face and con-

t ained e l ectron dense bodies (Fig . 44) . The luminal surface of t he cells 

had a small number of microvilli . Mitochondria wer e observed in t he distal 

cytop l asm. Subterminal bars wer e observed . The cell memb r anes between 

adjacent cells wer e s trai ght and not undulating. No lipid inclusions were 

observed in the cytoplasm. 

Day two The nuclear memb r ane was observed to be undulating and 

only a few microvilli we r e pr esent on the luminal surface of t he cells . 

The mi tochondria were small and t her e wer e not many spaces between adja-

cent cells (Fig . 59) . 

Day seven Channels between adjacent cells were ob served near the 

luminal surface (Fig . 60) . The int ercellular spaces contained secretory 

material and wer e not continuous because the desmosomes at different level s 

retained the a ttachment between the adjacent cells . Microvilli were pr e-

sent . Two types of cells were noticed near the basement memb r ane ; a clear 

cell and a l eukocy te (Fig . 64) . 

Day ten Microvilli were pr esent on the luminal margin of t he cells . 

The cytoplasm conta ined l ong , filamentous mi t ochondria. The later a l cell 

membrane was undulating and interdigita t ing. The nuclei wer e located near 

t he basement membrane . Intercellular spaces wer e f ound especially in the 

basal region. Few scanty lipid droplets were f ound in t he cy-toplasm. 

Day thirteen Many microvill i were fo und on the lumina l s urface . 

The nuclei wer e located a t different l evel s in various cells . Some wer e 

in contact with t he basement membrane . A moder a t e number of lipid droplets 

wer e observed in the cy topl asm between t he nucl ei and t he basement mem-

brane. Large mi t ochondria wer e found in sever al s pecimens . Spaces 
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bet1veen cells were observed near the surface. Ciliated epithelial cells 

were observed, but did not show any marked differences from the other 

cells except for the presence of cilia that projected from the surface 

of the cell toward the lumen (Fig. 48). 

Day eighteen Many long microvilli were seen at this stage ex-

tending from the ltnninal surface. Large numbers of mitochondria were 

observed (Fig. 61). 

Day t1venty Microvilli were present. Many irregularly shaped 

mitochondria were observed as well as endoplasmic reticulum and Golgi. 

Only a few lipid droplets were seen related to the mitochondria in the 

basal part of the cells. Desmosomes and subterminal bars were observed. 

There was a membrane bound vesicle of unknown origin near the surf ace 

of a cell (Fig. 62). 

Cyclic changes in the glanaular epithelium 

Estrus The cells were of the simple columnar epithelial type. 

A large quantity of secretory material was found in the tubules that 

filled the lumen (Fig. 53). Different types of cells were noticed. An 

electron dense cell with well developed endoplasmic reticulum (Fig . 

56) was observed between the regular epithelial cells in some prepara-

tions. Vacuolated intercellular spaces were found between the regular 

and the electron dense cells. Microvilli and cilia were extending 

from the distal surface of the regular cells. Some apocrine secretion 

was noticed in the lumen that appeared to be pinched off cell frag-

ments. Large numbers of small mitochondria were found in these cells 

but also , filamentous types were seen. The Golgi apparatus was very 

well developed. 
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Day two The nuclei were found close to the lumen. The apocrine 

secretion continued and parts of the cells distal to the terminal bars 

were broken off in a manner similar to what was described at day 18 

(Fig. 58). A large amount of secretory material was found in the lumen . 

Day five Both ciliated and non-ciliated cells had l arge numbers 

of mitochondria (Fig . 65). 

Day seven Secretory material was found in the lumen and cyto-

plasmic processes were pinched off near the terminal bars. 

Day sixteen Large numbers of mitochondria were observed near 

t he distal part of the cells. Dilated Golgi apparatus complexes were 

seen between the nucleus and the lumen. Cytoplasmic processes were 

noticed breaking off into the lumen near the cilia. In one specimen 

some cilia appeared to be surrounded by a free cytoplasmic fragment and 

I 
were observed in cross section within the fragment (Fig . 55). Secre-

tion granules and vacuoles were seen in the lumen. 

Day eighteen The tubules were found to be filled with secretory 
I 

material. Vacuoles of one specimen were mo r phologically similar in both 

the ltunen and cytoplasm (Fig . 57). Go l gi apparatus was distended and 

was found close to the surface (Fig . 58). Terminal bars were conspicuous 

at this stage of the cycle. 

Basic cytology of the cervical epithelium 

Two types of cells were found in the cervical epithelium; ciliated 

and non-ciliated (Fig . 66). The ciliated cells had considerable num-

bers of cilia projected from their apical border . The cilia originated 

f rom a basal body and we r e long and s lender approximately 0 . 25 micra in 

diameter . Cross sections showed the typical organization of nine 
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microtubules or double filaments and a center pair all enclosed in t he 

plasma membrane (Fi g . 67). The ciliated cells contained large numbers of 

rounded and elongated mitochondria, very well developed Go l gi apparatus 

and endoplasmic reticulum. The nucleus was f ound in t he middle part of 

the cell (Fig. 66). The lateral plasma membrane was t h r own into waves 

and was highly interdigitated wi th corresponding processes of adjacent 

cells. Very little mucus was found in thes e cells. 

In the non-ciliated cell, t he cytoplasm was distended with l ar ge, 

saccular spaces containing flocculent materia l of a l ow density (Fig . 

68). Some of these granules had an electron dense center. The mucous 

granules took up the greater cytoplasmic space of t he cells, and pushed 

the nucleus into t he basal part (Fig . 69). Some of t he granules after 

being released into the lumen, were enclosed by a limiting membrane (Fig. 

70). Small mi tochondria were sometimes present i n these cells either 

interspe rsed between the mucous gr anules or around the nucleus (Fig . 66). 

The plasma membrane was usually complete over t he granular mucus except 

in those areas where the membrane was broken in order to release the 

mucus into the cervical lumen (Figs. 71 and 72). Af ter t he cell was 

emptied, or partially so, t he cell memb r ane was re-estab lished over t he 

cell surface. The endopl asmic reticulum and Golgi apparatus were easily 

observed (Fig. 73). 

Numerous microvilli were found projecting from t he apica l border of 

the cells. Desmosomes were found on the lateral plasma memb r ane . Both 

cili a t ed and non-cilia ted ce lls were found to be supported by a bas ement 

membrane (Fig . 74). 
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Cyclic changes in the cervical enithelium 

Es trus Both types of cells , secretory and ciliated , were ob-

served at this stage . The secretory cells were packed full with many 

round secretory granules . Some of the gr anules had an electron dense 

area in the center of a less dense area (Fig . 69). The cell membrane 

of these cells was intact but in some specimens, it was incomplete 

toward the lumen and secretory granules were observed to be passing out 

into the lumen. In the lumen, mos t of the gr anules lost their round 

shape but some retained the enveloping membrane (Fig. 70). Several 

desmosomes were observed between these cells . The cytoplasm of the 

secretory cells distal to the granules was more electron dense than the 

secretory material , and some mitochondria were observed between the 

luminal cell membrane and the secretory granules (Fig . 76) . The nuclei 

were pushed do~m toward the basement membrane and were small and irregu-

lar . The ciliated cells had some secretory granules b ut not as many as 

the mucous cells . These granules were i dentical to those found in the 

mucous secreting cells . The cytoplasm of the ciliated cells contained 

large numbers of mitochondria and Golgi apparatus . The nuclei of the 

ciliated cells were round and were found close to the surface of the cells . 

Day three The ciliated cells were found to be recessed back 

from the lumen. The nuclei of the mucous secreting cells we~e pushed to 

the basement membrane , and the or ganelles around the nuclei were not 

distinct . Some of the mitochondria were related to the invaginations of 

the nuclei. Both secretory and ciliated cells were present . Some of 

the secretory cells wer e already empt y and had a well developed endo-

plasmic reticulum that was extended toward the luminal surface (Fig . 73). 
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Dav five Many secretory cells were present , and t he nuclei were 

crowded toward the basement membrane and had irregular membranes . Large 

numbers of microvilli were present and extended into the lumen from the 

compl ete cell membrane of both types of cells. 

Day seven Channels between secretory cells were observed and in 

some instances contained some granular material (Fig . 75) . The channels 

extended three quarters of the way to the surface. Mucous secretion was 

found in the lumen. The secretory granules in t he cytoplasm were abun-

dant ; some with electron dense areas that resembled lysosomes . The 

nuclei were pushed to the basement membrane . The few mitochondria pre-

sent were closely related to the indenta tions of the nucleus or were 

pushed to the edge of the cells by the secretory granules . The ciliated 

cells resembled those described for the other stages of the cycle . 

Day ten Many secretory granules with electron dense spots were 

observed . The cell membrane became incomplete on t he luminal surface 

and allowed secretions to spill out, however the late ral wall was thick 

and intact (Fig . 71) . In some areas , t he cytoplasm was more electron 

dense and no secretory granules were found. Golgi apparatus was located 

near the nucleus and was rel ated to it. Fewer mitochondria were found 

in the secretory cells than were observed in t he ciliated cel ls . 

Day fourteen No t as many secretory granules were observed in 

this sample . The nuclei wer e located distally in the cells but channe l s 

between the cells were not apparent. 

Day eighteen 

noted. 

An increased amoun t of gr anules in the cells was 
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DISCUSSION 

General 

The individual variation in the length of the cycle can be a source 

of confusion in trying to determine the exact cyclic changes in the 

endometrium. This problem could be overcome by taking several biopsies 

from the same cow during a cycle. The problem with this method was that 

by introducing the biopsy instrument every other day and keeping the 

cervix open, some changes were noted in the normal physiology of the 

uterus. In one individual from which eight biopsies were taken every 

other day , excessive amounts of mucus were found to be secreted through 

the cervix, and the cow exhibited signs of estrus 10 days after the 

previous estrus. It was impossible to detennine the exact cause of this 

short cycle, and more work is needed to determine the side effects of 

repeated biopsies. Any other method that will use ~ore than one animal 

for the study of cyclic changes will have to take into consideration the 

individual differences between animals especially in mature cows. 

Methods of collection 

Three methods of sample collection were used in this experiment: 

biopsy, surgery and postmortem. For light microscopy studies, one can 

use any one of the three; but for electron microscopy, it was found 

in this study that the hysterectomy procedure was the most satisfactory 

method . This method allows the investigator to obtain fresh tissue 

within a very short time after removal of the organ from t he animal. It 

is also possible to determine t he exact location of the area sampled, 

caruncular or intercaruncular, and it is easier to separate the 

endometrium from the connective tissue. Large samples are available for 

I 

J 
I 
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use in histological methods for compari son purposes . Recovery af ter 

hysterectomy was uneventful in 5 of the 8 cows. One cow died of 

surgical shock, one of abdominal hemorrhage and peritonitis and one 

was sacrificed and pos t ed after s urgery . One attempt was made to 

r emove two f olds of the cervix during surgery. This procedure caused 

excess ive intraperitoneal hemorrhaBe and was abandoned. 

The biopsy technique . was found to be difficult to perform on heifer s 

and during midcycle. Excessive use of t he oper ation on the s arne cow 

might have caused some s ide effects by keeping the cervix open. The 

sample obtained was small and sometimes not enough for histological 

techniques . In some biopsies , the surface epithelium was absent . 

The postmortem me thod had t he disadvantages of a long time elapsing 

from ki lling to fixation , and t he inconvenience of wor k ing in the packing 

pl ant . 

Surface eni t helium 

The interpr e t a tion of r esults obtained from studying uter ine cyclic 

changes in the b ovine i s difficult b ecause of the l ar ge number of fac-

t ors that should be t aken into cons i der ation . The age of t he animals 

s tudied and whether or not they were heifers or cows is very important. 

In this study , def inite cyclic changes wer e found in samples t aken from 

heifers . Sev er al authors (Dziuk , 1955 ; Cooper, 1961; Sasser , 1963) 

r eported that it was impossible to measure the changes in the surface 

epithelium of t he bovine because of t he great vari ati on within each 

s t age. It is interesting t o note t hat t hese investigators used both 

heifers and cows in t heir s tudi es . This fac t coul d expl ain some of t he 

differences in the r esul t s . Definite cyclic variations were found in 
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samples taken from heifers, but in mature cows, no cyclic changes in the 

surface epithelium could be observed. Although some of the measurements 

were difficult to interpret, this experiment suggests that the cycles in 

heifers varied less than in cows. In heifers, the surface epithelium 

was low at estrus and post estrus and began to increase in size until 

day fifteen of the cycle. Asdell (1946) reported that the individual 

variation in cycle length in unbred heifers was less than in cows. He 

noted a mean cycle length for heifers of 20.25 + 0.05 days and a standard 

deviation of 2.33 days while the mean for cows was 21.28 + 0.06 days and 

a standard deviation of 3.68 days. 

Higaki and co-workers (1959) found differences in the quantity of 

blood estrogen between multiparous and primiparous animals. Peaks of 

estrogen levels were found in the bovine at estrus and days 9-10 post-

estrus. In multiparous cows, the estrogen level was higher at days 

9-10 postestrus than at estrus, while in primiparous animals, the level 

was higher at estrus than during the corpus luteal stage. Another fac-

tor that could explain the differences in results between different in-

vestigators could be explained by the work of Asdell (1946). Re noted 

that sometimes an overlapping of cycles occurred and the corpus luteum 

did not begin to regress until proestrus. The genital tract showed both 

a luteal and a follicular influence during proestrus. 

The intraorgan differences could also play a part in creating the 

differences. The surface epithelium of the caruncular area was f ound to 

be different from the intercaruncular area, but only a few investigators 

made it clear which of these areas were referred to in their observations. 

When a sample is taken by biopsy, it i~ almost impossible to define t he 
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area. Another source of confusion migh t be the t enninology used . It was 

not always clear when t he term " day one" was used if i t was r eferring to 

es trus or day one postestrus . It is also diffi cult to define the tenn 

" estrus" . A s ample taken from a cow in the first hours of a six hour 

estrus period will be quite different from a sample taken during the 

last hour of a 24 hour estrus period . In t his experiment , t he term " day 

one" refers to t he per iod when the animal was ready to accept the mal e . 

The exact length of the estrus period or t he time of ovula tion was not 

determined . 

These factors have to be t aken into consideration when evaluating 

the results . A better way to do it would be to determine , by repeated 

palpation at frequent inte rval s , the exact length of the estrus period 

and the t ime of ovulation. Ily taking samples before and af t er ovulation , 

one could hope to get a more exact picture of t he t ype of endometrium 

present in the cow at estrus . 

Clear cells Cells wi t h clear cytoplasm were found in t he sur-

f ace epithelium. These cells could be either epithelial cells unde r-

going mitosis and could be called mitotic f i gures or white blood cells 

that were penetrating into the epithe lium. Some di ff iculties were en-

countered in the interpr etation of these cells unde r the l i ght microscope 

and i t was decided to call them "clear cells " . Although a large number 

of specimens were s tudied in t he electron micros cope , only one clear 

cell was observed (Fig . 63) . The cell was found close to the basement 

membrane wi th a centrally located nucl eus and a low density material or 

cytoplasm. 

In t his experiment, ciliated cells in t he surface epithelium were 
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observed under the light as well as the electron microscope. These cells 

were definitely part of t he surface epithelium rather than the neck of 

the glands . Onl y a small number of these cells were found and only in 

some samples. Ciliated cells were reported to be present in the surface 

epithelium by Weber (194 8b). It is interesting to note that ciliated 

cells were reported before in the oviduct and glandular epithelium and 

are reported here in the cervical epithelium. Lovell* (1966) , in a pre-

liminary study , reports the presence of ciliated cells in the surface 

epithelium of sows in certain stages of the cycle. Ciliated cells were 

also reported by Larsen (1962) in the rabbit . The significance of these 

ciliated cells is not known. They might have persisted from ciliated 

cells of the Mullerian ducts, but because they are present in such 

small numbers, it is doubtful that they are of great significance. 

Glandular epithelium 

No cyclic changes could be found in the glandular epithelium of 

mature cows. The height of the epithelium fluctuated throughout the 

cycle as did the size of the lumen and the overall size of the gland . 

It was difficult to make accurate measurements because of these gr eat 

variations. The results are not in agreement with those of Cooper 

(1961), Sass er (1963) and Johnson (1965) who found definite cyclic 

changes in t he g l and size . In heifers, the epithelium size followed 

cyclic changes t hroughout the cycle . Another fac tor that can contribute 

*J . E. Lovell, Department of Veterinary Clinical Sciences, Iowa 
State University of Sci ence and Technology , Ames , Iowa. Uterine 
Epithelium of the Sow. Private conununication. 1966 . 
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to the large variation in results can be t he difficulties in differen-

tiating the gl and from the glandular neck when t aking t he measurements. 

Alkaline phosohatase The results of this experiment do not agree 

with the results of other inves tigators (Weet h and Herman 1952, ~1oss 

et _tl. 1954 and Skjerven 1956b). They found the a l kaline phosphatase 

reaction to be present mainly during midcycl e . With some variation, it 

was found that alkaline phosphatase was pr esent at all stages of the 

cycle although in large r quantities at mi dcycle. The alkaline phos-

phatase activity followed the development and r egr ession of the corpus 

luteum and appeared to be relat ed to the progesterone level in the 

organism. The precise physiologica l f unction of alkaline phosphatase in 

the endometrium remains unknown. In gener al, th e phos phatases catalyze 

the hydrolysis of phosphate esters . Changes in the phosphat ase activity 

could reflect changes in ~he me t abo l ic activi t y i nduced by the sex hor-

mones. The fact that the enzyme was found to be confined to t he distal 

part of the surface and glandular epithe lium migh t suggest that it is 

involved in t he secre tory mechanism of the cell. 

Periodic acid Schiff P. A. S. positive mat erial was found in the 

uterus during estrus and proestrus . These results a r e in agr eenent 

with the other investigators (Weeth and Herman 1952 , Moss .il_ &• 1954 , 

Skjerven 1956b and Van Den Hoek 1959). P .A. S. pos itive material de-

creases in quantity after ovulation and is plentiful in the ce lls during 

the f ollicle development . This could show a connection be t ween t he 

estrogen l evel and P. A. S. positive mat erial. According to the reports 

of Hi gaki and co-worker s (1959) , large quantities of estrogen were found 

in the b lood during t he midcycle . Onl y limi t ed amount s of P .A. S. 
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positive material were found during this period except in cow No. 23 

which, at ten days, exhibited large numbers of P.A.S. granules . This 

did not follow the pattern observed in other cows. 

The function of these P.A.S. positive materials is open to specula-

tion . It is possible that these materials serve as a source of readily 

utilizable energy at implantation. This does not explain the fact that 

most of it was found during estrus and none was present in the surface 

epithelium or glands at the theoretical time of attachment. 

Oil red 0 Oil red 0 staining droplets were found during late 

diestrus and proestrus. This corresponds to the stage of the cycle during 

which lipid inclusions were observed in the surface epithelial cytoplasm 

with t he electron microscope. Skjerven (1956b) reported the presence of 

fat droplets from day ten to two days prior to estrus. The functions of 

these substances are not known, but it seems reasonable to suggest that 

they are used for the nutrition of the early embryo. 

Histochemical cyclic changes in the gl ands were not as apparent as 

in the surface epithelium. Great variations were observed between the 

glands close to the surface and those situated deep in the stroma. 

Skjerven (1956b) suggested that the changes in the glands appeared to be 

decided by the individual rhythm of the cells rather than the stage of 

the cycle. Variations in alkaline phosphatase activity and gl ycogen 

content from g land to gland and from cell to cell in the same g l and in 

material examined in this study tend to confirm this observa tion . 

Cervical epithelium 

The results of this experiment suggested a two phasic cycle in 

J 
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heigh t of the bovine c ervical epithelium t hat could be expla ined by the 

following hypothesi s . The first phas e begins wi th estrus and the secre-

tion of large quantities of mucus, and the r etluction in cell size. This 

process could be controlled by the es trogen that is secreted a t t hat 

time. At day five pos t estrus wi t h the increase in progesterone secre-

tion, the mucous cells increase in size and mucus accumulates in the 

cells. The peak of t his stage takes place at day eight when the fi rst 

wave of follicles developing in t he ovaries are s ecreting estrogen. Wi th 

this estrogen secretion, the ce lls reduce in size again until day sixteen 

of the cycle. At that stage under the inf luence of progesterone, t he 

cells increase in size . This suggests t hat progesterone is responsible 

for the cell size increase and estrogen for t he secre tion of mucus . This 

hypothesis is contrary to Hartman ' s (1962) report on the endocervix 

cycle of the monkey. He re-ported that the peaks in cell height were 

caused by the peaks in estrogen level s rathe r than progester one . Her-

rick (1951) found that c ells becmne more distended with mucus only dur-

ing proes trus and estrus . The question of whet her estrogen or progester-

one effects the increase in cell size and t he interrel~tionship between 

these hormones and the cervical epithelium will need more investigation 

befo re a definite answer to the question can be given. 

Asdell et al. (1949 ) and Cooper (1961) reported that t he administra-

tion of progesterone to ovariectomized cows caused the uterine surface 

epithelium to become tall pseudostratified simila r to that found in in-

tact animals on day fifteen postes trus. Sas ser (1963) reported that 

progesterone administration increased branching of t he uterine g lands 

but reduced the size of t he epithelial cells and t he secretory phase of 
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the gland followed . 

In estrogen treated ovariectomized cows Cooper (1961) r eported that 

t he surface epithelium was similar to that of cows shortly after estrus . 

Asdell ~~· (1949) found that estrogen produced large epithelial cells 

with more rounded , irregularly shaped nuclei . 

Rajakoski (1960) studied the variation in the ovariefollicular 

system during the estrous cycle. He found that t he corpus luteum r eached 

the peak of its development between t he ninth and the twelfth days of 

t he cycle , and then regressed r apidly after the sevent eenth day of the 

cycle. Two waves of small follicles were also reported by Raj akoski 

(1960). The first of these occurred between the thi r d and the fourth 

days and the second , between t he twel fth and four t eent h days. Both 

resulted in a follicle of preovulatory size. The lar ge follicle of the 

first wave underwent atresia from the twelfth day. _The l ar ge follicle 

of the second wave was ovulated. If estrogen is produced by the follicle 

of the first wave (and from the work of Higaki ~~· 1959 , it seems 

r easonable to believe so,) the period of 9- 12 days is characterized by 

a high secretion of both estrogen by t he follicle and proges t erone by the 

corpus luteum. The impact of the simultaneous secretions of estrogen and 

pr onesterone on the uterus at this s t age of the cycle is probably 

essenti al for the preparation of the organ for implantation . 

Variations in the ability of the corpus luteum to secr ete pr o-

gesterone or t he follicles t o secrete estrogen at this stage of the cycle 

could be the cause of obtaining variable results from different cows . 
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The changes in the endometrium during the estrous cycle (induced 

by the ovarian hormones) could be outlined in the following way: 

Day 18 to day 1 (Little progesterone activity and increased estrogen 

secretion) 

1) The surface epithelium is low. 

2) Large amounts of glycogen are present in the cells. 

3) Microvilli are present but are reduced in numbers toward 

the end of the period. 

Day 2 to day 8 (Reduced estrogen and increased progesterone secretion) 

1) Epithelium starts to increase in size. 

2) Glycogen granules are less numerous. 

Day 9 to day 12 (Simultaneous secretion of estrogen and progesterone) 

1) Cell size continues to increase. 

2) Secretion of the surface epithelial cells begins. 

3) Channels are seen between adjacent cells. 

4) Mitochondria are large and filamentous. 

5) Alkaline phosphatase is plentiful. 

Day 13 to day 17 (Decreased estrogen activity and continous pro-

gesterone secretion) 

1) Lipid droplets in the cytoplasm. 

2) Cell size starts to decrease toward the end of the period. 

3) Glandular epithelium s t arts to decrease in size. 

4) Large channels are found between adj acent cells. 
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SID~tARY 

1. Uterine and cervical samples were obtained from 32 animals by 

post mortem, surgery and biopsy techniques. 

2. The samples were studied by light microscopy, electron micro-

scopy and histochemistry. 

3. The uterine surface epithelium that was obtained from heifers 

was low (15u) at estrus and increased in height (30u) at 6 days after 

heat remaining at this level until the 16th day of the cycle. It then 

started to decrease again to the level observed at estrus. 

4. The surface epitheliurn of mature cows varied considerably in 

height within the stages studied and did not have a definite cyclic 

sequence of changes. 

5. Ciliated cells were found in the surface epithelium in small 

number (less than 1% of the cells). The presence ~f cilia was not 

associated with any particular stage of the cycle. Except for the 

presence of cilia the ciliated cells were similar to the non ciliated 

cells. 

6. Microvilli were present in greater numbers on the luminal 

surf ace of all epithelial cells during midcycle compared to what was 

observed during estrus. 

7. The mitochondria were small during estrus and became elongated 

and larger during midcycle. 

8. Apocrine type of secretion was observed in the surface 

epithelial cells 5 days after estrus. 

9. Intercellular channels were noticed between surface epithelial 

cells. These channels were interupted by desmosornes and occurred both 
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in the basal and distal part of t he cell. These channels were not 

observed earlier than 7 days following estrus. 

10. Al kaline phosphatase was found on the ltnninal surface of t he 

epithelium a t all stages of t he cycle with greater concentration during 

midcycle. 

11. Oil red 0 positive granules were found in the surface 

epithel ium f rom 13-18 days. Lipid inclusions were found during t he 

same stage by means of the electron microscope . 

12. The glandular epithelial cells of heifers reached their lowest 

level at estrus l Ou and increased up to 20u at midcycle. 

13. No cyclic changes could be found in t he size of the lumen, t he 

overall size of the glands or the amount of secretion in the g lands. 

14 . No cyclic changes could be observed in g landular epithelium of 

matur e cows. 

15 . An electron dense type of cell was found in the glandular 

epithelium during heat . This cell had a more conspicuous endoplasmic 

reticulum than the regular glandular cells. 

16 . The cervical epi t helium showed a biphasic cycle in height. 

The cells were l ow fo llowing estrus (15u) increased in size from day 

to day 8 ( 35u) reduced in size again to day 16 (15u) and started t o 

increase in size again prior to heat (30u). 

17. Two cell t ypes were found in the cervical epithelium: a 

secretory and a ciliated type . The secretory cells were packed with 

3 

memb r ane bound granules that sometimes had an electron dense center. 

Some of these granules retained their memb r ane after release into t he 

lumen . The ciliated cells were found to have very few or no secretory 
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granules and more mitochondria and endoplasmic reticulum than secreting 

cells. Approximately 10% of the epithelial cells of the cervix were 

ciliated. 

18. The cilia of the cervix were similar to the cilia found in the 

glandular epithelium. 

19. Mucus was released from cervical cells into the lumen through 

a break in the plasma membrane of the luminal surface of the cells. 

20. Some mucus was always present in the cells. The amounts varied 

according to the stage of the cycle and the height of the epithelium. 

21. Intercellular spaces were found in the cervical epithelium. 

These spaces were restricted by desmosome attachments between adjacent 

cells. The channels were most extensive in the basal part of the cells 

and were larger than those found in the surface epithelium. 

22. Alkaline phosphatase positive reaction wa~ observed in the 

luminal margin of the cervical epithelium during most parts of the cycle. 

23. Periodic acid Schiff positive reaction was found in the 

cervical cells at all stages of the cycle. Only the mucus was stained._ 
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APPENDIX 

Illustrations 



Graph 1. Comparison of t he uterine surface epithelium between heifers 
and cows during the es trous cycle. 
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Graph 2. Comparison of the uterine glandular epithelium between heifers 
and cows during the estrous cycle . 
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Gr aph 3 . Bovine cervical epithelium during the estrous cycle . 
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Fig . 1. Uterine surface epithelium during e s trus . Cow 34, age 6 year s . 
Stained with Hemat oxylin- Eosin . 420x magnifica tion . Sever al 
"clear cells" may be observed near the basement membrane in t h e 
epithelium. 

Fig . 2 . Ut e rine g landul a r epi t helium during es trus . Cow 34 , age 6 
years . S t a ined with Hematoxylin- Eosin . 420x magnifi c a tion . 





Fig. 3. Uterine surface epithelitnn during estrus. Cow 21, age 5 years. 
Stained with Hematoxylin-Eosin. 420x magnification. Two clear 
cells may be observed near the basement membrane, 

Fig, 4. Uterine glandular epithelium during estrus. Cow 21, age 5 
years. Stained with Hematoxylin-Eosin, 420x magnification. 
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Fig. 5. Uterine surface epithelitttn day five post estrus. Cow 12, age 
3 years. Stained with Hematoxylin-Eosin. 420x magnification. 
Note the "clear" cells among the surface epithelial cells . 

Fig . 6. Uterine glandular epithelium day 5 post estrus. Cow 12, 3 
years old. Stained wi th Hematoxylin-Eosin. 420x magnifi-
cation. 
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Fig . 7. Uterine surface epithelium six days pos t es trus. Cow 3, 2 years 
old. Stained with Hematoxylin-Eos in. 420x magnification. 
Sever al clear cells may be observed near the basement membrane. 

Fig . 8. Uterine surface epi t helium seven days pos t es trus . Cow 28 , 6 
years old. St ained wi th Hematoxylin- Eosin . 420x magnification . 
Note t he difference in epithelium height f rom t hat of Fig. 7. 





Fig . 9 . 

Fig . 10. 

Uterine surface epithelium 10 days postestrus. 
years old. Stained with Hematoxylin and Eosin . 
magnification. 

Cow 31, 6 
420x 

Uterine glandular epithelium 10 days postestrus. 
6 years old. Stained with Hematoxylin and Eosin . 
magnification. 

Cow 31 , 
420x 
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Fig . 11. Uterine surface epithelium 13 days postestr us . Cow 30 , 
2 years old . Stained with Hematoxyl in and Eosin 420x 
magnification . 

Fig . 12 . Uterine glandular epithelium 13 days postestrus. Cow 
30 , 2 years old . Stained with Hematoxylin and Eosin . 
420x magnification . 
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Fig. 13. Uterine surface epithelium 15 days postestrus. Cow 4, 2 years 
old. Stained with Hematoxylin-Eosin. 420x magnification. 

Fig. 14. Uterine glandular epitheliwn 15 days postestrus. Cow 4, 2 years 
old. Stained with Hematoxylin-Eosin. 420x magnification. 
Clear cells may be noted among the epithelial cells of the 
tubules. 
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Fig . 15 . Uterine surface epithelium 18 days post estrus. Cow 32, 7 
years old. Stained with Hematoxylin-Eosin. 420x 
magnification. 

Fig . 16 . Uterine glandular epithelium 18 days post estrus . Cow 32 , 
7 years old . Stained with Hematoxylin-Eosin. 420x mag-
nification. One large clear cell may be observed in the 
tubule to the left. 





Fig . 17. Uterine surface epithelium 13 days postestrus. 
years old. Stained with Hematoxylin and Eosin . 
magnification. Note the ciliated cell. 

Cow 13, 2 
420x 

Fig. 18. Same area as Fig . 17, magnified to x9SO . Note the presence 
of ciliated cells. 
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Fig. 19. Alkaline phosphatase in the uterine surface epithelium 
of Cow 29, 6 years old. Day two of the cycle. 420x mag-
nification. Evidence of the presence of alkaline 
phosphatase may be observed in the apical portion of 
the cells with increasing amounts in the gland orfice. 

Fig. 20. Alkaline phosphatase in the uterine glandular epithelium 
of Cow 29, 6 years old. Day two of the cycle. 420x magni-
fication. Note the presence of alkaline phosphatase in 
the distal part of the cells and in the connective tissues 
around the glands. 
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Fig . 21 . Alkaline phosphatase in uterine surface epithelium at estrus. 
Cow 34, 6 years old. Alkaline phosphatase may be observed 
in the distal part of the cells but the nuclei are not 
stained. 

Fig . 22. Alkaline phosphatase in uterine surface epithelium 5 days 
post estrus. Cow 12, 3 years old. Note the increased 
amount of alkaline phos phatase in the distal part of the 
epithelial cells and in the stroma. 





Fig. 23. Uterine glandular epithelium 13 days post estrus. Cow 30, 
2 years old. Alkaline phosphatase positive reaction in the 
distal parts of cells and in connective tissue. Sample 
taken from area next to surface epithelium. 420x magnifica-
tion. 

Fig . 24 . Uterine glandular epithelium 13 days post estrus . Cow 30, 
2 years old. Alkaline phosphatase reaction is minimal . 
Taken from the same slide as Fig. 23 but from the stratum 
spongium. 
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Fig . 25 . Uterine surface epithelium 18 days post estrus . Cow 32, 
7 years old . P. A. S. positive reaction . 420x magnifica-
tion . 

Fig . 26 . Uterine surface epithelium 2 days post estrus. Cow 29 , 
6 years old. P.A . S. positive reaction . 420x magnification . 





Fig. 27 . Uterine surface epithelium 5 days post estrus . Cow 35 , 6 
years old. P.A. S. positive granules disappeared from cells 
after diastase incubation and only a line of the distal 
part of the cells appears positive. 420x magnification. 

Fig . 28 . Uterine glandular epithelium at estrus . Cow 34, 6 years 
old. P. A. S. positive reaction in glands. 420x magnif i-
cation. 





Fig . 29. Uterine surface epithelium 18 days post estrus. Cow 32, 7 
years old. Oil red 0 staining positive material in cells. 
420x magnification . 

Fig . 30 . Uterine surface epithelium 16 days post estrus. Cow 38, 8 
years old. Oi l red 0 staining . Positive material in cells . 
420x magnification. 
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Fig. 31. Cervical epithelial cells during estrus. Cow 90, 4 years 
old. Stained with Hematoxylin- Eosin. 420x magnification. 

Fig. 32. Cervical epithelial cells five days post estrus . Cow 12, 
3 years old. Stained with Hematoxylin- Eosin. 420x mag-
nification. 
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Fig . 33. Cervical epithelium 7 days post estrus. Cow 28, 6 years 
old. Stained with Hematoxylin and Eosin. 420x magnification. 

Fig . 34. Cervical epithelium 10 days post estrus. Cow 94, 4 years old. 
Stained with Hematoxylin and Eosin 420x magnification. 
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Fig . 35 . Cervical epithelium 14 days post estrus . Cow 35 , 6 years old . 
Stained with Hematoxylin and Eos i n. 420x magnification . 

Fig . 36. Cervical epithelium 17 days post estrus . Cow 33 , 8 years old. 
Stained with Hematoxylin and Eosin. 420x magnification . Note 
dark ciliated cell in t he epithelium. 
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Fig. 37. Cervical epithelium 7days post estrus. Cow 28, 6 years old. 
Alkaline phosphatase preparation. 420x magnification. Note 
negative s taining of the epithelium and the slight pos itive 
response of the connective tissue. 

Fig . 38 . Cervi cal epithelium 18 days pos t es trus . Cow 9 , 3 yea rs old . 
Al kaline phosphatase 420x magnification. Positive reaction 
in the di s tal part of cells and in connective tissue. 
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Fig. 39. Cervical epithelium during estrus. Cow 90, 4 years old. 
P. A. S. positive material in cells 420x magnification . 

Fig . 40. Cervical epithelium day 14 post estrus. Cow 35 , 6 years old. 
Less P.A.S. positive material in cells than during estrus . 
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Fig. 41 . Cervical epithelium 18 days post estrus . Cow 9 , 3 years old. 
P. A.S. positive material in cells starts to increase in 
quantity. 420x magnification . 

Fig . 42 . Cervical epithelium 5 days post estrus . Cow 12 , 3 years old . 
Ciliated cell present. Stained with tri- chrome method of 
Mallory . 960x magnification. 
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Fig . 43. Uterine surface epithelium at day 7. Cow 28 , 6 years old. 
Magnification 10,000x . Ps eudostratified columnar epithelium 
resting on basement membrane (Bm) . Nucleus (N), Microvilli 
(Mv) , and Lumen (L). 
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Fig. 44. Uterine surface epithelium at estrus. Cow 34, 6 years old. 
Magnification 30,000x. Small numbers of long microvilli 
(Mv) present . A vacuole (V) of unknown origin can be ob-
served in the cell. Mitochondria (Mi), cell membrane (Cm) , 
desmosome (D). 
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Fig . 45. Uterine surface epithelilllll at day one. Cow 93 , 4 years old. 
Magnification 37 , 000x. Note the branching (B) of the micro-
villi (Mv) . Lumen (L) . 

Fig. 46 . Uterine surface epithelium at day 16 . Cow 33 , 8 years old . 
Magnification 37,000x . Microvilli (Hv) , mitochondria (Mi). 





Fig . 47. Uterine surface epithelium at day 13. Cow 30, 2 years old . 
Magnification 11,000x. Note the lack of microvilli. This 
is considered to be an artifact . Terminal bars (Tb) , cell 
memb rane (Cm), nucleus (N) , mitochondria (Mi), lumen (L) . 
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Fig. 48. Uterine surface epithelium at day 13. Cow 30, 2 years old. 
Magnification 40 , 000x. Note the presence of ciliated cells 
(Ci) in the surface epithelium. Ltnnen (L), mitochondria (Mi), 
microvilli (Mv). 
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Fig. 49. Uterine surface epithelium at day 5. Cow 35, 6 years old. 
Magnification 15,000x. Note the presence of terminal bars 
(Tb) that extend across the cell. Cell membrane (Cm) inter-
digitation of adjacent cell membranes may also be observed. 
Lumen (L), mitochondria (Mi), nucleus (N), secretion (S), 
vacuole (V). 
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Fi g . 50 . Uterine surface epithelium at day five . Cow 35, 6 years old . 
Magnification 17 , 000x. Cell membrane (Cm) , l umen (L) , 
microvilli (Mv) , and secretory mass (S) separating from t he 
cell body. 





Fig . 51. Uterine surface epithelium at day 10. Cow 31, 6 years old . 
Magnification 28 , 000x . Note two types of mitochondria (Mi) 
present. Cell membrane (Cm). 
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Fig . 52 . Uterine surface epithelium at day 13 . Cow 30 , 2 years old . 
Magnification -11 , 000x . Note the presence of lipid granules 
(Li) . The cells are resting on a basement membrane (Bm) that 
is separated from the connective tissue , (Ct), Nuc l eus (N) . 
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Fig. 53. Uterine glandular epithelium at estrus . Cow 33, 8 years old. 
Magnification 10,000x. Cilia (Ci), cell membrane (Cm), 
endoplasmic reticulum (E), Golgi apparatus (G), mi tochondria 
(Mi), Apocrine secretion process (S). 





Fig. 54. Uterine glandular epithelium at day 16 of the cycle. Cow 33, 
8 years old. Magnification 15,000x. Note the secretory 
material (S) in the lumen (L). Cilia (Ci), desmosome (D), 
terminal bars (Tb). 





Fig. 55. Uterine glandular epitheliun\ at day 16 of the cycle. Cow 33, 
8 years old. Note the breaking off of secretory material (S) 
into the lwnen (Lu) and the presence of Golgi apparatus (G) 
in the secretion. Cross section of cilia (Ci) can be ob-
served in the secretory mass. Desmosomes (D) and mitochondria 
(Mi). 
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Fig. 56. Uterine glandular epithelium at estrus. Cow 33, 8 years old. 
Magnification 11,000x. Note the presence of a more electron 
dense cell in the gland. This cell has fewer mitochondria 
(Mi) and more extensive endoplasmic reticulum (E). Cilia (Ci) 
Golgi apparatus (G), nucleus (N), secretion (S). 
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Fig. 57. Uterine glandular epithelium at day 18. Cow 33, 8 years old. 
Magnification 10,000x. Note the presence of a vacuole (V) 
in the secretory material (S). Desrnosome (D) a.nd mito-
chondria (Mi). 
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Fig . 58 . Uterine glandular epithelium at day 18. Cow 33, 8 year s old . 
Magnification 10,000x. The l umen of t he gland is filled with 
s ecretion (S). Tenninal bar s (Tb) are present. Golgi 
apparatus (G), nucleus (N) , cilia (Ci). 





Fig . 59 . Uterine surface epithelium at day 2. Cow 29 , 6 years old . 
Magnification 10,000x . Cell membrane (CM), lumen (L) , 
mitochondria (Mi), microvi lli (Mv), nucleus (N) . 
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Fig. 60. Uterine surface epithelium at day 7. Cow 28, 6 years old. 
Magnification 10, 000x . Note the intercellular channels (C) 
extending toward t he lumen (L). Basement membrane (Bm), 
cell membrane (Cm) , microvilli (Nv) . 





Fig . 61. Uterine surface epithelium at day 18 . Cow 32 , 7 years old . 
Magnification 30,000x. Cell membrane (Cm) , lumen (L) , 
mitochondria (Mi) , microvilli (Mv) . 





Fig , 62, Uterine surface epithelium at day 20. Cow 34, 6 years old. 
Microvilli (Mv) are seen projecting into the lumen (L) . 
Mitochondria (Mi) are present, Magnification 20 , 000x. 
Vacuole (V), cell membrane (Cm). 
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Fig. 63. (Left) Uterine surface epithelium at day 7. Cow 28, 6 years 
old. Magnification 8,000x. A clear cell can be observed 
next to the basement membrane (Bm). Channels (C) are seen 
between the cells. 

Fig. 64. (Right) Uterine surface epithelium at day 7. Cow 28, 6 years 
old. Magnification 13,000x, A leucocyte (Le) is present 
next to the basement membrane (Bm). Channels (C) are seen 
between cells. 
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Fig. 65. Uterine glandular epithelium at day 5. Cow 35, 6 years old. 
Magnification 23,000x. Cilia (Ci), and cell membrane (Cm). 





Fig. 66. Cervical epithelium at day 7. Cow 38, 6 years old , Magnifi-
cation 14.000x. A ciliated cell is between two secretory 
cells, Cilia (Ci), cell membrane (Cm). desmosome (D), mucous 
granules (M). mitochondria (Mi). nucleus (N). vacuole (V) , 
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Fig. 67. Cervical epithelium at day 7. Cow 28, 6 years old. Magnifi-
cation 20,000x. Cilia (Ci) are observed in cross section. 
Desmosome (D), mucous (M), mitochondria (Mi), microvilli (Mv), 
vacuole (V). 
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Fig. 68. Cervical epithelium at estrus. Cow 31, 6 years old. Magni-
fication 13,000x. Secretory cells full of mucous granules 
(M). Microville (Mv), nucleus (N). 
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Fig. 69. Cervical epitheli\llll at estrus. Cow 93, 4 years old. Magni-
fication 13,000x. Some of the secretory granules (M) have 
an electron dense center. The nuclei (N) are small and 
pushed toward the basement membrane. 





Fig . 70. Cervical epithelium at estrus . Cow 93 , 4 years old. 
Magnification 31,000x. Hemb r ane bound secretory gr anules 
(S) are present in the lumen. Microvilli (Mv) , mucus (. 1) . 

Fig . 71. Cervical epithelium a t day 10 . Cow 31 , 6 years old . 
Secretion p"rocess in one cell (arrow) . Endoplasmic 
ret iculum (E) , mucus (d ) , mitochondria (Hi) , 
mic rovilli (Hv), nucleus (N). 
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Fig. 72. Cervical epithelium at 7 days post estrus . Cow 28, 6 years 
old. Magnification 15,000x. Mucous granuJes (M) and 
cilia (Ci) are noted. Breaks in the plasma membrane allow 
mucou~ granules to enter the lumen. 
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Fig. 73. Cervical epithelium at day 3 of the cycle. Cow 90, 4 years 
old. Magnification 12,000x. Mucous cell is nearly empty. 
Some mucous (1) is present, however, t he cell has an abun-
dance of endoplasmic reticulum (E) and Golgi apparatus (G). 
Ciliated cells have cilia (Ci), a small number of mitochondria-
and Golgi. 



0
\ 

\£
) 
~
 

• 
~
 

• 

-~
 

, 



Fig. 74. Cervical epithelium at day 7. Cow 28, 6 years old. Secretory 
mucous granules (M) are present and mitochonqria (Mi) are 
scattered throughout the cells and near the basement membrane 
(Bm). Magnification 13,000x. 
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Fig . 75. Cervical epithelium at day 7. Cow 28• 6 years old, Magnifi-
cation 7.ooox. Secretion of electron dense granules is noted 
(arrow), Intercellular channels are observed between cells. 
Basement membrane (Bm), Golgi (G), mucous (M), microvilli 
(Mv) , nucleus (N). 
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Fig. 76. Cervical epithelium at estrus. Cow 35, 6 years old. Magni-
fication 15,000x. Cilia (Ci), cell membrane (Cm) , desmosome 
(D), endoplasmic reticulum (E), Golgi (G), mucous (M) 
mitochondria (Mi), Microvilli (Mv). 
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