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INTRODUCTION 

Demands for more profitable pork production procedures Le~uire · that 

efficiency of reproduction be increased. In recent years great advances 

in the areas of nutrition, genetic·s and husbandry practices have occurred. 

Yet reproduction remains a relatively inefficient part of the overall 

program. The inefficiency of swine reproduction with respect to the number 

of ova produced by the female in comparison to the number of pigs marketed 

is a well - known and documented fact. 

A practical method of estrous synchronization could greatly increase 

the efficiency of swine production. In swine production, as in any other 

area of the livestock industry, financial returns depend on operating 

efficiency. To have the farrowing, weaning and finishing facilities used 

to the best advantage a regular supply of pigs is essential. A system of 

controlling estrus and ovulation, free of adverse effects on fertility and 

litter size, may furnish a solution to some of the problems associated with 

a breeding program. 

Estrou·s synchronization would facilitate the utilizatrion of artificia l 

insemination procedures for herd improvement. The problems associated with 

heat detection and providing a supply of boar semen would be co~fined to 

3 or 4 days, rather than the random occurrence of estrus of unsynchronized 

females spreading over 18 to 23 days. 

Farrowing of these synchronized animals over a shorter period would 

then allow the producer to more efficiently utilize his time. Control of 

certain neo-natal disease problems, such as baby ?ig scours, could ~ore 

easiiy be achieved. 
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The effects of estrus synchronizing drugs on the uterus and ovaries dur-

ing synchronization are not we l l understood. Preliminary studies using 

MATCH, which is one of the more promising compounds for this purpose, have 

been relatively satisfactory. It could be assumed by the casua l observer 

that the uterine condition following use of this drug and prior to implan-

tation is normal. There is evidence, however, as conception rates and 

litter size indicate (Gerrits and Johnson, 1964a), that some interference 

with normal implantation or embryo survival may result from MATCli synchro -

nization. Very little is actually known about the changes that might be 

induced in the sow's uterus following synchronization, that might inter-

fere with embryo survival and implantation. The following study was de-

signed to determine the differences that might occur in the endometrium 

of synchronized sows as compared to controls when studied by histochem-

ical, cytological and chemical methods. 
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LITERATURE REVIEW 

Methods of Synchronization 

Several methods of es trous synchronization have been studied i~ swine 

under field conditions. Extensive use 0£ these procedures has not devel-

oped because they have been either unsatisfactory, impractical, or un-

available for commercial use. The methods include weaning of lactating 

sows, progestational compounds, gonadotropins, and non-steroidal pitu-

itary inhibiting drugs such as MATCH. 

Weaning of lactating sows 

SL~ultaneous weaning of lacta ting sows is a generally accepted and 

utilized procedure for synchronization of estrus . Sows are usually in a 

state of anestrus during lacta tion, but generally exhibit estrus 3 to 7 

days aft er the pigs are weaned (Cole and Cupps , 1959; Nalbandov, 19 6~) . 

This me~hod is not applicable to gilts but is general l y used when possible 

for sows, especially when large groups are available in the sarr.e stage of 

lacta tion. 

Proges tatio~al drugs 

Progestational compounds have b~en used to synchronize estrus in swine . 

Effective suppress ion of estrus has been reported f ollowing the use of 

6-me thyl-17-acetoxy-proges terone acetate (~AP) at a dosage of 1 . 1 mg/kg of 

body weigh t (Hafez et al. 1966 ; Nellor ~al. 1961). These results were 

observed irrespective of the stage oi the cycle in which feeding was ini-

tiated . After withdrawal o= t he wedica~ion most of the animals returned 
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to estrus in 2 to 10 days, but only 1/3 of the animals ovulated after 

trc3tment. Cystic follicles of various types and sizes accounted for 

most of the ovulatory failures, one of the limitations of this method 

of synchronization. 

The incidence of cystic ovaries and the length of time required to 

return to estrus after withdrawal of medication may be functions of the 

level of MAP fed. Animals fed 1 . 6 mg/kg of body weight manifested pro-

gestational inhibition from which the gilts did not readily rebound after 

treatment. At 0.5 mg/kg of body weight daily in twice a day feeding, 

estrus was controlled satisfactorily, with ovulation rate and number of 

fetuses recovered at 35 days essentially normal (Nellor et al. 1961). 

This would appear to be a satisfactory method when feeding is carefully 

carried out at 0.5 mg/kg of body weight. However, in practice it is dif-

ficult or impossible to regulate the dosage at a critical level under 

farm conditions. The exactness of dosage level that is necessary with 

this method is one of the limitations of synchronization with i-IAP . 

Other progestational drugs have been tested and found to oe in-

effective for estrous synchronization. One of these is 17-alpha-acetoxy-

progesterone (Prodox) which, used at levels of 0.9 - 2.0 mg/kg of body 

weight, did not effectively suppress estrus and ovulation (Nellor, 1960). 

Gonadotropins 

Injections of gonadotropins have been used for estrous synchronization 

in swine. This procedure consists of a single intramuscular injection of 

1200 I.U. of pregnant mare ~erum (PYS), followed three days later by a 
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single intrnmuscular injection of 1000 I.U. of human chorinoic gon~do ­

tropin (HCC). The result of this trentment is the concurrent induction 

of a new cycle for a ll animals treated. The life span of the induced 

corpora lutea is relatively constant , so tha t as their influence on 

the estrous cycl e regresses the animals tend to recycle more -or less 

simultaneously . The interval between the last gonadotropin injection 

and the synch.ronized estrus would be expected to be approximately 21 

days , varying from 18 to 23 days. Ninety to ninety- five percen t of the 

synchronized animals exhibit estrus within a 4 to 5 day period . Animals 

injected at a time when the natural onset of estrus is near will exhibit 

estrus shortly after injection , and wi ll then return to estrus ap?rox -

imately 21 days later . If the injections are made i n the luteal phase 

of the cycle , induced corpora lutea will be formed which will then exis t 

for the normal 14 to 15 days . In those animals wi th functional corpora 

lutea already present, es trus will not be seen iwmediately af t e r injec -

tions (Day et al. 1965). The use of HCG following the PMS injec tion 

appears to be an essential par t of this procedure. Pregnant mare s erum 

alone will stimulate the development of :follicles irrespective of 

the stage of the cycle . Without the luteini z ing hormone 36 - SO per -

cent of the treated animals failed to show estrus within 18 to 23 days 

of the PMS injection, because of the failure to form induced corpora 

lutea (Day et al . 1965) . 

~on - steroid pituitary inhibitor (MATCH) 

A non-steroid pituitary inhibi t or h~s been used experimentally to 

produce synchronization of estrus in swine. This comp ound is 1- alpha -
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methylallyl thiocarbamoyl -2-methylthiocarbamoylhydrazine , also r e f err ed to 
1 as ICI 33828 or MATCH . 

This compound used orally at approximately 100 mg/gilt per day 

has produced 'effective blockage of es trus and ovulation. The animals 

generally return to estrus on the 4th to 10th day after withdrawal, with 

the highest percentage exhibiting estrus on the 5th, 6th, and 7th days. 

The number of ova shed, fertilization, and cleavage wit h this method has 

been reported to be essentially normal (Gerrits and Johnson, 1965a; Gerrits 

e t al . 1966a; Gerrits and Johnson, 1965b; Stratman and First, 1965 ; Polge , 

1965; Hafez ~al . 1966; and Polge, 1964). According to these reports 

t he use of MATCH does not produce any adverse effects on embryo survival. 

However, one reference writt en on trials of 8 gilts fed 149 mg/head/day 

r eported that the compound may have had an adverse e'ffe c t on embryo· survival 

(Gerrits and Johnson, 1964a). 

Reports in the literature indicate that the effects of MATCH on the 

current cycle of experimental sows was dependent upon the stage of the 

cycle when treatment was initia t ed. Most of the animals in t he mid-luteal 

or ear ly follicular stage had synchr onized ovulation a~ter the termination 

of treatment. If feeding was initiated late in the follicular phas e (as 

day 19 or 20 of the normal cycle) most of the animals exhibited estrus 

at the expected time, in spite of the medication. Medication started i n 

the early luteal phase had little effect on the corpora lutea and they 

continued to function normally until regr ession on the 15th to 16th day of 

1 Ayerst Laboratory, New York 17, New York. 
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the cycle (Polge , 1965). The reason for the medication not i~ter fering 

with the activity of formed cor?or a lutea is probably due to t~e fact 

that corpora lutea, once formed, do not depend on a pituitary stimulus 

for maintainence (du Mesnil du Buisson and Leglise 1963; Sar..:nelwi tz et 

al . 1961; Brinkley~ al . 1964a; Brinkley et a l. 1964b). 
I 

The recommended dosage of MATCH is approxi~ately 100 mg/head/day 

for t he average gil t (240-300 lbs . ). Treatment should be maintained 

for 19 days to ensure synchronization of all the animals . It appears 

advisable to restrict feed intake to ~ pounds/head/day to insure proper 

i ntake of medication (Groves, 1965) . 

General consideration of MATCH 

The first report of the pituitary gonadotropin inhibition by }i~TCH 

was in 1961 (Paget et a l. 1961) . This work involved the usage of several 

dithiocarbamoylhydrazines in rats of which MATCH was the more act ive . The 

drug may be administered either orally or parenterally, although for prac -

tical reasons it has generally been administered orally no swine . 

Mechanism of a ct ion 

The exact mechanism of action of MA:CH is not precisely known , but 

it s2ems to have its effect by blocking the release of gonadotropins fro~ 

the pituitary. Unilatera l ovariectomy will result in co~pensatory hy?er-

trophy of the r emaining ovary in the normal rat . Injections of }~TCH will 

block this compensatory hyper trophy . Whether this action is specific for 

blockage of FSH or UI , or both, has not ye t been dater Qinad (E~gren and 
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Pe t erson , 1964) . MATCH injected subcutAncously into intact r~ts , usual l y 

caused a reduction in the weight of the uterus and occasionally the gonads . 

Assays of t he pituitary tissue show that MATCH causes a reduction in the 

content of FSH, suggesting the action is one of reducing the for r.iz. tion 

of this pituitary gonadotropin (Brown, 1963a) . 

Lapora tomies on three gilts ~eceiving M.~TCH for 15 days a t t r.e level 

of 100 mg/head daily, revealed that the ovarie s were similar in all 

animals, each ovary containing a few small (2 - 4 mm) f ollicles . The 

corpora lutea were pale and had regressed to about 5 mm in diameter. The 

uteri were small and resembled those found in preµubertal animals. The 

appearance of the ovar i e s of the treated animals suggested that the re-

lease of gonadotropins from the pituitary was almost .completely i nh i bi t ed. 

After withdrawal of the t r eatment , however, follicular development appear ed 

to be initiated quickly. The fact tha t 90 percent of the gilts were in 

heat by the seventh day indicates tha t t~e return of pituitary f unction 

was rapid. In the normal cycling gilt, regression of the corpora lutea 

begins on about the 15th day of the cyc l e , and follicular maturation lead -

ing to t he next estrus r equires about 5 to 6 days. A close correlation 

existed between the interva l f rom corpora lutea regression to the onse t 

of estrus in the normal cycle, and the interval from withdrawal of MATCH 

to synchronized estrus (Polge, 1965). 

Rats given MATCH during early pregnancy (at 100 mg/kg/day for 3 days) 

do not achieve nor~al implantation (Harper, 1964). The effec~ on im-

plantation in rats was shmm to be a dep::ession of deciduomats. forn:a t ion , 

but was observed on l y when the co=ipound was given at t he initial stages 
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of pregnancy and in relatively high doses. Since the compound inhibits 

pituitary gonadotropin secretion, as earlier indicated, the production 

of normal ovarian steroids would be altered. The effects on fertility 

may thus be mediated by causing an imbalance in the progesterone :estrogen 

ratio or l evel , essential for maintaining pregnancy. 

When MATCH was fed to laying hens, the blood calcium levels dropped 

to normal for a chicken before puberty. When exogenous estradiol was 

administered the blood calcium levels again increased to normal. This 

indicates that MATCH reduced the blood calcium level by reducing the 

level of estrogen formation (Sykes, 1964). 

Yi.ATCH fed to pregnant mares did not appear to affect the serum levels 

of gonadotropins. It, therefore , could be assumed that MATCH had little 

effect on placental gonadotropin production in comparison to the decreased 

pituitary gonadotropin release (Schmidt-Elmendorf£ et !!.l· 1962). 

Possible side effects 

The action of MATCH on the pituitary gland may not be limited to the 

effect seen on the gonadotropins . Some side reactions have been observed 

during the use of MATCH in addi tion to the reproductive effects . Gilts 

given 50, 100, or 200 mg/head/day orally showed few abnormal clinical 

signs. At 250 mg/day a red skin rash was reported. No apparent effect 

was noticed in the animaVs appetites, however, the water consumption of 

these animals may have been increased (Polge, 1965). Lethargy and de -

creased activity were also observed . 

~.ATCH given to immature hypophysectomized female rats caused an in-
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hibition in growth of the tibi~l epiphysial cartilage . When administered 

with beef growth hormone, the degree of inhibition was reduced according 

to the amount of ¥..ATCH given . These results ind~cate that the X~TCH is 

capable of qffecting growth, but whether this action is a general one or 

an indirec t action mediated through another gland,such as the adrenal, is 

not clear (Cargill-T'nompson, 1963). 

The effects of treatment on thyroid activity in h~ans have been 

studied. The drug reduced both the radioactive iodine uptake by the 

thyroid and the level of serum protein bound iodine in euthyroid patients . 

This action may be a general one or may be affecting the pituitary thyro-

tropic activity (Brown et al . 1963b; Tulloch~ al . 1963). These reports 

are interesting because they call attention to the possibility that some 

of t he action of MATCH may be t hrough a more general action on the body 

rather than entirely by the effects on the pituitary gland . 

Urine excretion in hens fed MATCH is increased. Continuous adnin-

istration of the medication is required for this effect. A single intra-

venous injection of the compound will not produce the diuretic action . 

This tends to indicate that the diuretic action of }.:ATCH is not directly 

on the kidney, but possibly by blocking the release of antidiuretic hor -

mone from the posterior pituitary (Sykes, 1964). Gilts fed MATCH consumed 

more than the usual amounts of water. This diuretic effect may be in-

volved in this change (Polge, 1965). 

The effect of the com?ound on milk secretion has been reported in 

rats (Zag~i and Benson, 1964) and sows (Gerrits~ al . 1965) . Milk pro -

duction, as eva lua ted by litter growth, was decreased in both species 
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when the lactating dems were given MATCH . Production was ~eturned to 

i'l.Ormal when exogeneous oxytocin was adrainis '.:ered . These fac ts lead 

the authors to conclude tha t MATCH did not suppr ess lactogenic activity , 

but did inhibit t he milk ejection reflex . 

Normal ~hanges in Uter ine Cycle 

The uterus under goes certain morphological and biochemical alter-

ations during the estrous cycle. The se changes establish defin i t e cyclic 

patterns and recur with each normal cycle . 

Morphological changes 

The morphological changes which occur in the cycle include changes 

in endometrial cell height , frequency of mi t osis in t he endometrial cells, 

edema , and leucocyte number and type i~ the su~mucosa . The general struc-

ture of the uterus consists of a lining epithelium supported by a stroz;ia 

of connective tissue . This stroma is surrounded by an inner circu:ar 

and outer longitudina l layer of smooth musc le . The epithelium is basica lly 

s imple columnar with t he appearance varying greatly in different stage s 

of the cycle . The connective tissue is a r eolar in nature and contains 

many s impl e tubular gl ands, formed by epithelium which is continuous with 

t he epithelium lining of the lumen of the or gan. Also present in t he 

submucosa are blood and lymph vessels , va rious types of leucocytes and 

fibrool~ sts (Corner, 1921). 

Cell heigt t The greatest and cos t rapid c~anges in t he ce:l heigh t 

occur in t he firs t 6 to 7 days of t he cycle. At estrus the uteri~e e?iche -

lium is approx~~Ately 30 microns(µ) thick . It is pseudos t ratified colu=-
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nar because the cells are of only moderate height and very compact later -

ally, making the nucle i appear stratified. In the period of 5 to 6 days 

after ovulation the cell heigh t increases to approximately 50 µ and the 

cells become more simple high columnar in appearance. In the period of 

the 6th to 7th day of the cycle (day 1 being the first day of standing 

heat) the overall cell height becomes rather variable and decrease s , rang-

ing from 20 - 45 p . The surface profile is very irregular and wavy, 

giving the impression of an actively secreting epithelium. From 8 to 15 

days of the cycle the epithelium becomes progressively more uniform and 

lower. The height will decrease to approximately 15 - 20 p. The luminal 

surfaces will be very frayed and serrated, which may represent cellular 

cytoplasm being secreted into the lumen. Changes appearing after 15 days 

of the cycle depend on whether or not pregnancy occurs. If no pregnancy 

occurs, the cell height will remain low until about the 18th day of the 

cycle, then start to increase in height again, so tha t by the next estrus 

it will again be approximately 30 f thick. If a pregnancy does result, 

the increase in cell heigh t at day 18 does not occur. The endometrial 

cells will remain low throughout pregnancy, in fact the cells may become 

even lower (Corner , 1921; McKenzie, 1926; Green 1950). The gl andular 

epithelium follows the same trends established by the surface cells, but 

without as wide a range of variations , and generally about 24 to 48 hours 

later in the sequence of events (Corne r, 1921). 

The following list of average cells heights r epr esents the day by 

day cyclic changes in the uterine surface epithelium (Green, 1950). 
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Cell Cell 
Day Height Day Height 

1 34 .3 microns 11 23 . 4 microns 
2 33.1 12 18.5 
3 29 . 3 13 20.0 
4 37.l 14 16.8 
5 46.6 15 17. l 
6 41 . 6 16 17. 8 
7 41.7 17 22.8 
8 27.7 18 30.0 
9 26 . 3 19 34 . 6 

10 21.l 20 22.4 

The decrease in cell height on the 3rd day was attributed to a decrease 

in ovarian stimulation on the uterus, the follicles having ruptured and 

the corpora lutea not being developed to the stage of maximum functional 

capacity (Green, 1950). 

The figures mentioned in the previous lis t represents the average 

cell height. The r ange of heights in a given individual is rather 

variable . One sow on the 10th day of the cycle ranged from 8 - 21 p, 

while an animal in the 4th day of the cycle varied between 36 - 63 p 

(McKenzie , 1926). 

The epithelium of the uterus of a castrated sow was l ow columnar in 

nature , about 18 p high. A castrate given exogenous estrogen was psuedo -

stra tified columnar and about 40 p high . A castrate given estrogen fol -

lowed by progesterone was found to resemble a normal animal in the 12th 

to 13th day of the cycle (Green, 1950) . 

}litosis Mitotic figures are very numerous in the surface epithe -

lium 1 to 2 days prior to, during, and for 3 to 4 days following estrus . 

Mitosis gradua lly disappears afte r estrus, so that by 5 to 6 days after 
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estrus it is essentially absent, ~ot to be seen again until just prior to 

the next estrus. Mitosis in the g landular cells is 2 to 3 day3 later than 

in the surface cells, simili~r to the sequence described for e~ithelia: 

height. Mitosis will start to reappear on about the 18th to 19th day of 

the cycle in preparation for the oncoming estrus, if no pregna~cy occurs. 

If pregnancy does occur, it will delay the onset of mitosis until just 

prior to the firs t post- partum estrus (Corner, 1921) . 

Leucocytes Leucocytes of all types are normally founc in the 

submucosa . The relative number and the predominant type tend to vary at 

different stages of the cycle. At estrus large numbers of leucocytes, 

especially neutrophilic polymor~honuclear . leucocytes,appear in the sub -

mucosa. Most of these will be located in the region of the epithelial 

cell basement membrane, with a few bei~g scattered in the rest of the 

submucosa and some invading the epithelial l ayer. These neutrophils de -

crease greatly in number in the week just after ovulation. Ecsino?~ils, 

which are almost always present to some degree, increase ext ensively in 

the basement membrane area at about 8 to 10 days of the cycle. The 

eosinophils do no t invade the epithelium as do the neutrophils. The 

eosinophils remain in the submucosa in large numbers till approximately 

the 14th to 15th day of the cycle, when they decrease in number (Corner, 

1921) . 

Edema in the submucosa At estrus the submucosa becomes very ede~-

atous so that the cells and fibers in the stroma appear to be wide ly se?-

arated . After estrus, the amount of e<larra steadily decreases so that by 

2 to 3 cays after ovulation the appearance of the co~nective tissue is 
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norma l. The presence of edema will not be seen again in the normal animal 

until 1 to 2 days prior to the onset of the nex t es t rus, at which t ime , 

the f luid accumulation between the cells and f ibers will again produce the 

edematous effect (Corner , 1921) . In the castrated animal the submucosa 

will be very dense and compact; the castrate given exogenous estrogen has 

a very edematous submucosa . The castrate given exogenous estrogen followed 

by proges terone wil l have a submucosa resembling that of a normal animal 

12 to 13 days in a cycle (Green, 1950) . 

Biochemical changes 

Many biochemical changes occur in a cyclic pattern in t he uterus. 

These cyclic variations are undoubted ly due to the influence of the ovarian 

hormones. Two of t hese biochemical changes are a l kaline phosphatase and 

glycogen . 

Alkaline phosphatase The alkal ine phosphatase leve l in swine in-

creases when the uterus is under the influence of estrogen and decreases 

as the progesterone influence occurs (Austad and Garm, 1959) . 

The quantity of alkaline phosphatase present in the e ndometrium is 

highest at about 2 to 3 days of the cycle, reaching a maximum of about 9 

Sigma Units2 activity per gm. tissue per hour. By the 8th day of the 

cycle the l evel has decr e ased to 7 ac tivity, on day 12 the l evel i s 1 . 0 -

1.5 Sigma Units. Shortly before estrus , probably sometime in the 20th day 

of the cycl e , the e nzyme l evel starts to increase agai n from the low of 

the 19th day , so that by the 2nd to 3rd day of the next cycle the level 

2 Uni ts as defined by Sigma Chemical Co . , St . Louis . 
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is again approximately 9 Sigma Units. If pregnancy occurs, the alkaline 

phosphatase level continues to decrease, reaching a low of 0 . 5 - 1.0 

Sigma Units activity on approximately the 25th day (Goode et !!l· 1965a). 

Acid phosphatase also appears in a cyclic pattern in the endometrium. 

It occurs in the highest concentration when the alkaline phosphatase 

levels are the lowest. As the level of alkaline phosphatase increases, 

the acid phosphatase l evel decreases so that essentially an inverse re-

lationship exists (Goode et al. 196Sb). 

Glycogen The occurrence of glycogen in the surface and glandular 

endometrium of swine has been the subject for some disagreement in the 

past . Several authors have reported that no glycogen could be demon-

strated in the endometrium (Corner, 1921; Wislocki and Dempsey, 1946). 

Others have reported the occurrence of glycogen in the uterine musculature 

and epithelium, both surface and glandular. The glycogen was described 

as occurring with cyclic regularity. During estrus and for the first few 

days following estrus, there was no evidence of glycogen being present. 

The first histochemical appearance was on approximately the 9th day of 

the cycle (Austad and Garm, 1959). It first appeared in the cells of the 

deep uterine glands; the concentration gradually increased in the glands 

till reaching maximum concentrations on days 15 to 16 of the cycle. The 

appearance of glycogen in the surface cells did not occur until about 

the 12th day of the cycle . If no pregnancy results, the. glycogen cont ent 

will start to decrease on the 16th to 17th day of the cycle and will be 

abse nt by the onset of the next estrus. If pregnancy does occur, the 

glycogen content of the uterine or chorionic cells will be maintained for 
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50 to 60 days , then gradually decrease (Lovell and Garm, 1964). 

Significance of Glycogen and Phosphatase 

The significance of glycogen and alkaline phosphatase in uterine 

tissue is not well known. 

Glycogen 

Glycogen is the major energy and carbohydrate reserve of the body, 

being stored in the liver , muscle , uterus, and other body tissues . When .. 
glucose is introduced into t he cell, it can be utilized immediately for 

energy or, in the absence of energy demands, can be stored as glycogen . 

The formation of this large molecule allows the cell to hold relatively 

large amounts of potential energy without significantly affecting the 

intracellular osmotic pressure (Cantarow and Shepartz, 1957). Cells with 

glycogen s t orage potential, will accumulate only a given amount . The 

glucose entering the cel l beyond this level, a~d not utilized for energy, 

is converted t o fatty acids and stored as triglycerides (Stacey, 1962) . 
l 

The occurrence of glycogen in the uterus has been shown in the rat 

(Padykula and Richardson, 1963), bovine (Marinov, 1966), and human (Ville, 

1953b) as well as swine . Bernard as early as 1859 pointed out the possi-

bility of the placenta acting as a fetal liver in the synthesis of gly-

cogen (Bernard, 1859). The exact function of glycogen in the placental 

tissues has yet to be proven. It is difficult to understand the need 

for placental glycogen stores since the glucose in the maternal blood is 

presumably available for transport across the placenta t o the fetus at 
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all times. It is possible that this placental glycogen may exist as a 

food reserve, to be utilized by the embryo in the event that the maternal 

blood-glucose level drops precariously low (Padykula and Richardson, 

1963). The placenta can produce glucose from pyruvates and store gly-

cogen early in pregnancy, during this period the fetal liver is incapable 

of this function. Therefore, it is possible that the placenta acts to 

regulate the fetal blood glucose levels until the fetal liver is capable 

of assuming this responsibility (Ville, 1953b). 

The synthesis of glycogen in the cell is an enzymatic process, with 

several possible pathways. The phosphoryl~ses catalyze the conversion 

of glucose-1-phosphate into a 1:4 linked glucopyranase structure with 

approximately 200 glucose units in straight chains. This reaction does 

not occur in cells which have no glycogen present, therefore, it is be-

lieved that this method of glucose polymerization achieves the lengthen-

ing of the side chains of the glycogen molecule (Takeuchi and Kuriaki, 

1955) . The phosphorylases are also responsible for the initial degrada-

tion of glycogen. This enzyme causes phosphorolysis of the 1:4 linkages 

of the straight chains, but would not affect 1:6 branching, if the proper 
I 

glucose:glycogen equilibrium exists (Cori and Cori, 1943). Phosphor-

ylases in the presence of amylo~(l:4 - 1:6) transglucosidase converts 
/ 

glucose-1- phosphate into a branched polysaccharide like glycogen. The 

straight chain linkages of glucose molecules in glycogen are 1:4, while 

the branching results from 1:6 glucose linkages (Cori and Larner, 1951). 

Uridine diphosphoglucose-glycogen transferase is another enzyme which 

transfers glucose from the uridine diphosphoglucose molecule to a larger 
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molecule, as glycogen (Hall, 1965). 

The effects of hormones on tissue glycogen can be manifest in several 

ways. Glucagon raises blood glucose levels by increasing the amount of 

glycogenolytic phosphorylase in the liver (Rall~~· 1957). Epinephrine 

induces glycogenolysis in a similiar fashion (Stacey, 1962). Estrogens 

have a stimulatory effect on uridine diphosphoglucose-glycogen trans-

ferase activity, while progesterone inhibits the action of this enzyme. 

Relaxin has the effect of reducing this action of progesterone inhibition 

of uridine diphoglucose-glycogen transferase activity in the uterus. This 

activity in mouse uterine musculature varies between the inner circular 

and outer longitudinal layers (Hall, 1960; Hall, 1965). In the ovar-

iectomized rabbit uterus the occurrence of the uridine diphosphoglucose-

glycogen transferase could not be demonstrated. It was present, however, 

in the tongue muscle of these animals. Different pathways of glycogen 

synthesis must exist between smooth and skeletal muscle, since the pres-

ence of this enzyme varies between tissues in the same animal (Bo and 

Smith, 1964). 

The substance commonly identified as glycogen in the Periodic acid -

Schiff histochemical analysis for glycogen has been identified as a highly 

branched, ramified polysaccharide with a structure like that generally 

accepted for glycogen (Kugler and Wilkinson, 1962). Differentiating gly-

cogen from other PAS-positive substances is accomplished by the digestion 

of the glycogen in control slides with amylase (Stacey, 1962). The size 

of the glycogen particles in the rat placenta range from 300 X to 1 

(Padykula and Richardson, 1963). 

/ 
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Alkaline phosphatase 

The alkaline phosphatases are a gToup of enzymes occurring in many 

tissues of the body, as the intescinal muc-0sa, renal tubules, ovarian 

fol licles, and the rnucosa -submucosa of the uterus. Tne~e is a stro~g 

likelihood that they are employed in the active transfer of organic sub -

sta~ces across cell membranes. The alkaline phosphatases are most co~­

monly found in cells of tissues which are growing, regenerating , secreting, 

or absorbing. The enzymes are important components of cells that are en-

gaged in rapid synthesis of protein (Moog, 1946). Phosphatase activity 

is often associated with active solute exchange across the ~alls of cap-

illaries, as in the placental transfer of solutes ~n swine. It is illOSt 

probable that alkaline phosphatase plays an important r ole in the trans-

fer of certain substances from maternal bloo~ to fetal blood (Brad=ield, 

1950; Borghese, 1957). Alkaline phosphatase is not necessary for gly-

cogenesis or glycogenolysis, but may be involved in the trans=er of the 

metabolites essential for these processes (Atkinson and Elftman, 1947 ). 

The occurrence of alkaline phosphatase in the uterus of swine is cyclic 

in nature. The highest levels of activity are achieved during and im-

mediately after estrus, followed by a steady decrease to much lower 

levels during the remainder of the cycle or pregnancy. The cause of 

the increased activity of these enzymes at the time of estrus is due to 

estrogen stimulation of the uterus (Goode ~ al . 1965a; Atkinson and 

Elft;-nan, 1947; Ui and Mueller, 1956; Lea them, 1959; Steplewski and 

Janek, 1965; Watanabe and Fishman, 1964). There is a direct ratio be-

tween the level of estrogen stir.ulation of the uterus and ute:::-ine alka-
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line phosphatase activity in the mouse . This correla tion suggests that 

activity is a part of the mechanism by which es trogen influences uterine 

metabolism (Atkinson and Elftman, 1947). Estrogen stimulates nucleic 

acid production so tha t the formation of intracellular enzymes is increased . 

Estradiol in the uterus stimulates the synthesis of certain enzymes nec-

essary for formation of new RNA. This newly formed RNA in turn supplies 

the information to the ribosomes which is necessary to produce the in-

itial hormone response (Ui and Mueller, 1956). Uterine RNA, extracted 

from uterine cells which were under estrogen stimulation, has been shown 

to evoke the estrogenic effect in untreated ovariectomized rats, with 

the uterus resuming its normal appearance with increasing levels of 

alkaline phosphatase activity (Mansour and Niu, 1965). RNA of liver cell 

origin from the same animals did not have this uterine stimulatory activ-

ity. The effect of estradiol on cell metabolism may be blocked by use 

of certain protein inhibitors, as actinomycin. Estrogen induced vaginal 

cornification in ovariectomized mice is blocked by intravaginal appli -

cation of actinomycin D, while the uterotropic action of the estrogen 

is not affected. This suggests that the ability of a stimulatory hormone, 

as estrogen , to produce biological effects on their targe t organs is 

characterized by their ability to influence the synthesis of messenger 

IU~A (Talwar and Segal, 1963). 

Progesterone and testosterone do not induce alkaline phosphatase in-

creases in the uterus as does estrogen (Leathern, 1959) . An increase of 

estrogen production, induced by gonadotropin injection, in a hypothyroid 

mouse, causes a significant increase in uterine glycogen and sm.:ill in-
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creases in the amount of uterine water and protein, but the alkaline phos -

phatase level decreased . This does not fit the pattern considered normal 

for estrogen stimulation (Leathern, 1959) . This effect of hypothyroidism 

on the uterine response to estrogen is difficult to explain in light of 

the present knowledge. 

A significant negative correlation exists between the level of alka-

line phosphatase and the number of live embryos at 25 days of gestation 

(Goode et al. 1965b). A positive correlation exists between the total 

uterine phosphatase activity (both acid and alkaline) and the size and 

weight of the litter in swine. Most of this activity during pregnancy 

is due to acid phosphatase, while the level of alkaline phosphatase has 

decreased (Morrissette~ al. 1963). The alkaline phosphatase levels are 

low during pregnancy, but the presence of this enzyme does not fail to 

exist during this time in the maternal and fetal capillary endothelium 

(Borghese, 1957). A statistically sound, negative correlation between 

alkaline phosphatase content of the uterus and the number of implantations 

occurs in che rat on the 13th day of pregnancy (Bredeck and Mayer, 1955). 

. Uterus and Ovary Synchronization 

Proper synchronization of the uterus and ovary is essential for 

normal embryo survival. Thirty to forty percent of the fertilized ova 

in swine do not survive until the normal termination of pregnancy (Wilson 

et al. 1949; Warnick et al . 1948; Warnick~ al. 1949; Wiggins et al. 1948). 

Eighty percent of these die in the early stages of ges tation (Morrissette 

~al. 1963; Goode~~· 1965a). The reason for this high percentage of 
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embryonic deaths is not clearly understood. In gilts tubular aberrations, 

blind, or missing parts of the uterine tract, or infantile uteri may not 

provide adequate space for all of the fertilized ova to implant normally 

(Wilson .!_E ~· 1949). Al t erations in the physiological intrauterine en-

virorunent under hormonal influence may be a factor in early embryonic 

death (Morrissette, 1963) . 

The fertilized ova and the developing blastocyst in swine are in-

itially nourished by secretions in the oviduct and uterus. The tubular 

secretions, containing mucoprotein, glycogen, and phospholipids, are 

highest in the estrogen phase of the cycle. The ova require 3 to 3~ days 

to pass through the oviduct, during which time the tubular secretions 

are highest (Cole and Cupps, 1959). The uterine secretions, from both 

the surface and glandular epithelium, are composed predominately of cel-

lular debris , including cell nuclei, and a few leucocytes. The maximum 

production of uterine milk occurs a few days after estrus, when the uterus 

is primarily influenced by progesterone. The uterine secretions are 

especially copious in animals with epithio-chorial type of placentation, 

as in swine . The uterine milk of sows probably is the source of nutri -

tion for the developing blastocyst until implantation, and is possibly 

a significant nutritional factor throughout gestation. 

The placenta is the region across which exchanges of nutritive and 

excretory products occurs between the fetal and maternal tissues . His-

tologically the placenta constitutes the region in which fetal and mater -

nal circulation are in close proximity to one another (Dempsey, 1960) . 

The placenta has· some of the characteristics of the liver, intestin.:il 
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mucosa, lung , kidney, and of an endocrine organ. Many substances are 

present in higher concentrations in the fetal blood than in the materna l 

blood. These substances, such as elec trolytes, fats, and nucleic acids, 

cannot be transferred by simple di ffusion against a higher concentration 

gradient, but must be transferred by some active transfer process not yet 

completely known (Ville, 1960) . The placenta has a fairly high rate of 

metabolism as j udged by its rate of utilization of oxygen and organic 

substances (Ville, 1953a). 

Implant ation of the fetus or pl acentation r equi res that the en-

dometrium be hormonally conditioned to a receptive state . The receptivity 

of the uterus in the rat depends on a proges tational influence for at 

l east 48 hours, with the addition of estrogen late in the fourth day of 

the cycle . This sequence produces a receptive state of t he uterus on 

t he fifth day. If either t he progesterone preparat ion is not sufficient 

or the estrogen intervention is delayed, implantation will not occur. The 

receptive condition of the uterus is maintained for about 12 bours, after 

which the uterus again be comes non- receptive. Five -day-old fertilized 

ova , transplanted into uterine horns conditioned to the 5th day of the 

cycle will implant normally; if the horns are prepared as on the 3rd or 

4th day of the cycle , implantation is delayed and embryonic death rray r e -

sult. Transplanting into uteri beyond the 5th day resulted in no impl~n­

t a tion . In ovariectomized rats low l evels of estrone given with proges -

terone increased the number of i mplantation sites, but as the level of 

es trone given with progesterone increased, the number of implantation 

sites decreased (Psychoyos, A., 1966). It has been postulated that on 
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coming detrimental to younger ova, but stimulating the 5 day ova in such 

a way that it e licits t he decidual reaction and begins the process of 

i mplantation (Dickmann and Noyes, 1960). 

The chances for survival of transplanted ova in rats (Noyes and 

Dickmann,1960), and sheep (Averill and Rowson, 1958) depend not only on 

synchroni zation of the ova and uterus, but on the age of the ova. Ova trans -

planted in rats a t the a ge of two days, even to a uter us in t he 2nd day 

of the cycle, will not survive . Survival is best with 5 day transplants 

and success of the procedure decreases as time of t r ansplantat ion varies 

either before or after this optima l time. 

There is evidence in s heep to indicate tha t the exactness of ova -

uterus synchronization is not 'quite as critical as in rats (Averill and 

Rowson, 1958). While the ova- uterus relationship is not quite as essen-

tial in sheep as rats, i t still affects the percentage of success of ova 

t ransfer. Success of the ova transplant in sheep increase s as t he estrus 

of the donor ewe and recipient ewe more closely coincide . 

Ova transplants in swine are accomplished by using ova recipients 

and donors t hat randomly cycle simultaneously (Hancock and Hovel l , 1962) 

or have cycled simultaneously due to synchronization of the estrus period 

(Vincent~~- 1964; Dziuk e t al. 1964) . The amount of work done in ova 

transplants in swine is not as extensive a s in some other species . Knowl -

edge of the timing and coordination of the uterus and the developing con-

ceptus that is required for normal implantation is inadequate because of 

this lack of specific information concerning swine . 
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MATERIALS AND METHODS 

The tissue specimens used in the histological, biochemical, and histo-

chemical evaluations of the uterus were collected from 24 experimental an-

imals at necropsy. The collections were made from 18 gilts treated with 

MATCH for synchronization of estrus, and 6 controls. 

Experimental Animals 

The animals used were gilts that had reached puberty and were 7 to 10 

months of age . All of the animals were examined daily, with the aid of a 

normal boar, previous to the treatment period in order to determine the 

estrous cycles . This was done by turning three sows a t a time with the boar 

in a large outside pen. Observations as to general and sexual behavior 

were made and daily records kept . This pretreatment history, accompanied 

by breed, age and weight at slaugh t er is given in the following list: 

Sow 
No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Breed 

Poland China 
Land race 
Yorkshire 
Land race 
Yorkshire 
Yorkshire 
Yorkshire 
Hampshire 
Yorkshire 
Yorkshire 
Yorkshire 
Land race 
Yorkshire 
Poland China 
Yorkshire 

Age at 
Necropsy 
(in days) 

Weight 
(pounds) 

Synchronized animals 

253 278 
254 277 
277 294 
277 308 
259 271 
261 267 
283 315 
293 306 
271 300 
268 311 
270 291 
271 285 
278 267 
275 304 
305 331 

No. of 
r ecorded 
cycles 

2 
2 
3 
2 
2 
3 
2 
2 
3 
1 
2 
2 
3 
2 
2 

Length 
of 

cycles 

19,21 
22,26 
23,20,22 
21,20 
23' 20 
21,20,19 
28,21 
23 ,20 
18, 24 ,17 
20 
18,20 
20,22 
23,18,20 
23,21 
19,25 
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Age at No. of Length 
Sow Necropsy Weight r ecorded of 
No. Breed (in days) (pounds) cycles cycles 

(Cont.) Synchronized animal s 

16 Poland China 285 294 3 21,20,20 
17 Land race 296 313 3 23,13,22 
18 Yorkshire 301 309 2 26,21 

Control anima ls 

19 Duroc 220 196 1 18 
20 Duroc 253 252 2 20,20 
21 Duroc 258 262 2 23,22 
22 Poland China 276 275 3 21,19,20 
23 Duroc 282 309 3 24,22 ,18 
24 Duroc 274 296 2 25,21 

Experimental DesLgn 

The animals were divided into two groups. One group of 18 was fed 

MATCH and another group of 6 was used as controls. The gr oup of controls 

was made up of the younger individuals. An imals used f or feeding MATCH 

all had experienced at l eas t 2 definite standing heats, most of them hav-

ing had 3 or 4. At the time f eeding was start ed the control animals had 

experienced only one definite s t anding heat. It was though t adv isabl e 

to select only animals that had demonstrated definite cycles with 2 or 

more heat periods for the synchronization trial. Using the younger an-

imals as controls allowed additional t ime to observe the l ength of their 

cyc l es . 

Before feeding was initiated a prede t ermine d schedule of slaughter 

was e stablished and each of the 24 g ilts was randomly assigned a position 

in the schedule. Six of the animals were necropsied during the isynchro -
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niz~tion process, 6 were sacrificed within 9 days after completion of 

the treatment period, during which time the synchronized estrus occurred . 

The last 6 were bred artificiall y and slaughtered 4, 14, and 20 days 

after the synchronized estrus. The controls were slaughtered at various 

time intervals in the estrous cycle to gather baseline information on 

the unsynchronized estrus periods. 

MATCH ~as selected to synchronize the animals because it appeared 

to be the most satisfactory method of synchronization available at this 

time. The feeding of MATCH was carried out for the recoaunended period 

of 19 days. The dosage was 180 mg per gilt per day. Administration was 

accomplished by feeding the daily dose of MATCH in l~ pounds of a bal -

anced corn-soya ration each morning . The appropriate amount of MATCH, 

required for the number of gilts to be fed, was vigorously mixed for 10 

minutes with the required amount of feed with a mechanical feed mixer 

each morning. The batch was then divided into individual feedings of 

l~ pounds per gilt. An additional l~ pounds of plain corn- soya ration 

was given to each gilt at a late afternoon feeding. A feeding level of 

three pounds of feed per day was selected to insure the proper intake of 

MATCH by each animal . In spite of this it was necessary in some cases 

to decrease the total daily feed intake to l~ pounds because of anorexia 

which developed during the feeding period . Each animal was fed indi-

vidually to insure that the gilts consumed only the feed intended for 

them . Watering of the animals was accomplished by automatic waters , 

making it impossible to evaluate water consumption. 
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The animals were artifically inseminated on each day of standing 

synchronized estrus. The semen was collected from the ~ame boars used 

to determine the occurrence of standing estrus . Microscopic examination 

indicated the semen used was of normal concentration and motility. On 

the first day of insemination it was necessary to dilute the ejaculate 

with milk diluent in order to have sufficient volume. Enough semen was 

collected on the other days to inseminate all the animals to be bred with-

out dilution. Fifty to seventy-five ml was used as the insemination vol-

ume. Because of the fact that the synchronized heats were prolonged most 

of the MATCH fed animals were inseminated on four or more successive days. 

The control animals were inseminated on 2 to 3 days of estrus . 

On the 18th day of the treatment period blood samples were taken at 

random from 6 gilts to determine the total red and white cell counts, 

clotting time, white cell differential and hematocrit in an effort to de-

termine any hematological alterations caused by the product . 

Necropsy procedures 

The animals were electrocuted at the predetermined times and the 

genital organs were removed as soon as possible after death. Immediately 

after weighing, the uterus was placed on ice until the specimens were 

processed and frozen so as to reduce the amount of alkaline phosphatase 

degradation . Sections of each uterine horn were taken near the tip and 

body for histological .study. The pituitary, thyroid, adrenals, and ovaries 

were weighed and preserved for histological study. 

Histological techniques 

The tissues taken for histological evaluation were placed in 2 types 
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of preservative. Ten percent neutral formalin was used to preserve the 

tissues f or Hematoxylin-eosin staining and the PAS hi stochemistry . Tis -

sues were also placed in ch illed 80 percent alcohol to preserve for 

t he a l kaline phosphatase histochemistr y . 

HematQxylin-eosin The staining procedure outlined i n the Armed 

Forces Institute of Pathology Labora tory Manual (Armed Forces Inst. of 

Pathol . , 1960) was used for this stain. -Sections stained with t h is pro-

cedure were used in evaluating the endometrial morphology. 

Wright ' s stain The leucocyte differential count was obtained 

from blood smears stained by Wright's stain (Lillie, 1954). 

Hi stochemica l techniques 

Alkaline phosphatase Demonstration of alkaline phosphatase was 

accomplished by using the procedure ' outlined by Gomori (Gomori, 1964) . 

The procedure involves the principle that the enzyme in the tissue, in-

cubated with glycerophosphate in the substrate, wi ll liberate phosphate 

ions. These phosphate ions, when treated with cobalt nitrate and am-

monium sulfide, produce the black precipitate of cobalt sulfide . This 

precipitate, seen microscopica lly, indicates the degree of action of the 

enzyme . 

Periodic acid -Schiff (PAS) The g lycogen was demonstrated histo-

chemically by the procedure outlined by Y~Y.ianus and Mowry, using the 

Periodic acid-Schiff method (McManus and Mowry, 1965). The reaction is 

based on the fact that aqueous periodic acid wil l split and oxidize the 

carbon units of g l ycogen to aldehyde s which are colored magenta or pink 

by t he Schiff's reagent. 



Biochemical technique 

Precautions were taken at each step of the procedure to keep the 

tissues as cool as possible to keep enzyrratic degradation at a minimum. 

The specimens collected for biochemical analysis were obtained by open-

ing the horns of the uteri. After the uteri were opened, the endometrium 

and some of the ~ubmucosa were separated from the muscularis by use of 

curved scissors. This procedure was previously evaluated by using tissues 

collected from a packing house. The endometrium was separated from these 

uteri and examined with light microscopy with the finding of little or no 

smooth muscle mixed with the endometrium. The separated endometrium was 

placed in a Serval homogenizer and homogenized for 4 minutes, then placed 

in a Ten-Broeck glass homogenizer for the final homogenation. This ho-

mogenate was put into 2 gm glass vials, frozen in liquid nitrogen, and 

stored at -43°c until all the samples were collected and could be quan-

titated simutaneously. The maximum time lapse between electrocution of 

the animal and freezing of the tissue was 28 minutes, with a minimum of 

21 minutes. 

Alkaline ph os phatase The levels of this group of enzymes were 

determined by placing 500 mg of endometrium in 10 ml cold water, blending 

for 2 minutes, and centrifuging lightly to pack the cellular debris (Goode 

~ al . 1965a). A quantity of this solution (O . l ml) was incubated in the 

appropriately buffered nitrophenyl phosphate substrate solution and the 

optical density determined at the recommended colorimeteric wave length 

of 410 mu. The substrate and procedures for the determination are those 

recommended by Sigma Chemical Co. (Sigma Chem. Co., 1961) . Using the 
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calibration curve recommended by Sigma, the results are expressed as 

Sigma units, or the enzymatic activity per 10 mg tissue per hour. 

Glycogen Glycogen levels were determined by separating the gly-

cogen from the homogenate by use of alcohol precipitation (Good et al . 

1933) . The glycogen was then hydrolyzed to glucose with 2N H2so4 (Good 

et al . 1933). The level of glucose was determined by the Falin-Wu pro-

cedure outlined in Henry (Henry, 1965). 

Histological and histochemical evaluations 

Several parameters were employed to evaluate the morphology and 

histochemical reactions of the endometrium. 

Epithelial height Surface epithelial height was measured with 

a Zeiss ocular screw micrometer, at lOOX magnification. Twenty-two 

measurements were taken at random sites from 5 different areas of the 

uterus, representing the tips and body of both uterine horns. These 

measurements were then averaged, with this figure being used to represent 

the cell height of that particular uterus. This method is similiar to 

that outlined by Green (Green, 1950). The height of the glandular epi-

thelium was determined in a similiar manner. 

Glycogen, Alkaline phosphata se The evaluation of these para-

meters is difficult to accurately obtain. The presence of alkaline phos-

phatase or glycogen is determined by the occurrence and relative amounts 

of the end products of the histochemical reactions described by McManus 

and Mowry (1965), PAS, and Gomori (1964), AP. This evaluation is sub-

jective and the values assigned for each reaction depend on detailed ex-

amination of the tissues . These evaluations were assigned numer ical 

I . 
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values depending on the relative amount of histochemical end - products. 

The numerica l values assigned were as follows: 

0) absent 

1) slight 

2) moderate 

3) intense 

4) very intense 

Mitosis Mitosis is also difficult to accurately measure. The 

mitotic figures in the epithelium could be counted, however , interpre -

tation of the number would be very difficult due to the varying size of 

t he uterine horn sections, and the varying degree of endometrial folding 

seen in various uteri. Because of this the amount of mitosis is given as 

the total number of mitotic figures observed in a given section of uterus. 

These figures are represented in the fol lowing list. 

O) no mitotic f i gures observed 

1) 1 - 10 mitotic figures/section 

2) 11 - 20 mitotic figures/section 

3) 21 - 30 mitotic figures/section 

4) 31 - 40 mitotic figures/section 

Leucocytes The number of leucocytes in the endometrium and sub-

mucosa are also represented by numerical values determined by the relative 

concentration of leucocytes in the tissue . The concentration of leucocytes 

per section was recorded by the nu~erical values as seen in the following 

list : 
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1) very few 

2) few 

3) moderate numbers 

4) many 

5) very many 

The t ype of leucocyte described in a par t icular ute~us i s the type 

which predominates in that particular specimen, realizing that in any 

given specimen of uterus one can identify most types of leucocytes. 
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RESULTS 

Clinical Observations of Gilts 

The animals used for this study were apparently normal before the 

treatment period. Daily examinations of the gilts with the boar in a 

large outside pen afforded an excellent opportunity to observe the be -

havior of the individual animals. Chart number 1 shows the days of pro-

estrus, estrus, metestrus, and the date of slaughter of all the exper-

imental animals. The period of treatment with MATCH is indicated on the 

chart for the first 18 gilts. The last 6 gilts listed received no MATCH 

and were used as controls. 

Period during treatment 

The behavior of the animals during the first several days of the 

treatment was essentially normal, with the exception of animal number 3. 

This individual started to eat less feed from the 2nd day of treatment 

until necropsy on the 12th day. In 5 other animals, varying degrees of 

anorexia were observed as shown on chart number 2. These 6 sows were 

fed only l~ pounds per head per day during this period of anorexia, and 

often refused to eat this amount completely. The other 12 animals on 

the treatment consumed the prescribed amount of feed at all times. The 

degree of appetite depression seems to be a rather variable phenomenon 

since several of the animals would have readily eaten more than the pre-

scribed 3 pounds per day. Throughout this period the controls, fed the 

same feed without the MATCH, continued to exhibit normal appetites. 
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Al l of the treated animals, regardless of appetite, demons tra ted a 

profound change in general behavior . Wi thin 4 to 5 days they became pr o-

gressively depressed and lethargic. Animals that previously had eagerly 

awaited the opportunity to graze and root in the outside pen daily, had 

to be driven out . Once outside they would mer ely lie down and start to 

drowse, r ather than exercise. This condit ion was noticable in the build -

ing also, but not to the ex t ent that was observed outside . Throughout 

the treatment period t he attitude and behavior of t he control anix::als 

remained unchanged . 

During the treatment period 3 of the 18 treated animals showed estrus . 

All 3 of t hese animals had shown obvious signs of proestrus the day be-

fore treatment was initiated. Animals number 3 and 9 were in standing 

heat on the first day of med i cation . Number 3 was in standing estrus 

for 5 days during treatment, in compar ison to standing estrus periods of 

1 or 2 days exhibited previously. Number 9 was in stand ing es trus for 3 

days during treatment in comparison to estrus periods of 1 day before 

trea t ment. Number 4 was in proestrus on the first day of medication, 

with an appar ently normal s t anding es trus, lasting 1 day, on t he 2nd day 

of treatment . The previous standing estrus periods of this animal also 

were of 1 day dura tion. No other animals in the treatment group ex-

hibited any outward evidence of es trus throughout the time that ~1ATCH 

was administered in the feed . All of t he control animals exhibit ed nor-

mal estrus during this t ime. 

Blood samples were drawn from 6 of the treat ed ani mals on the 18th 

day of the treatment per iod. The clotting time, packed cell volu~e , t otal 
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erythrocyte count, total leucocyte count and differential count of 

leucocytes were determined from these blood samples . The data ob-

tained from th ese samples appears in Table 1. All of the values ob-

tained were approximately normal according to the values given in 

Coffin ' s Clinical Pathology (Coffin, 1953). It is interesting to 

note that with t he exception of number 8, all of the animals are in 

the low range of the normal packed cell volume (32 - 47) . 

The water intake could not be measured due to the automatic 

waterers . Evaluation of the volume of urine excreted by these an-

ioals was impossible because fluid r apidly disappeared into floor 

drains in the pens and the floors were damp because the pens were 

washed twice daily. 

Period after withdrawal 

Both the depression of appetite and l ethargy rapidly disap-

peared upon withdrawal of MATCH from the feed . These two cortdi-

tions were still very evident 24 hours after withdrawal, but by 

48 hours after withdrawal both appetite and behavior were near nor -

mal . All animals appeared to exhibit completely normal behavior 

on the 3rd day post-treatment and throughout the remainder of the 

tria 1. 

The length of the interval be~veen the end of the treatment period 

and the synchronized proestrus was either 3 or 4 days for all ani.nnls ex-

cept numbers 13 and 16. Number 13 had a very short or imperceptible pro-

estrus period prior to standing heat . The lack of an apparent proestr~s 
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was a lso noted in t his animal at the last es trus before trea tment . Number 

16 exhibited proestrus on t he first day following withdrawal of MATCH from 

the feed . This proestrus lasted 4 full days in comparison to proestrous 

periods before treatment of 2, 2, and 1 days . It should be noted that 

t h is animal exh i bited es trus for the last two days prior to initia tion 

of MATCH trea t ment. The remainder of the treated animals had 1 or 2 days 

of proestrus which was characterized by very marked swelling and eryt hema 

of the vulva . Upon subjective evaluation this seemed to be more marked 

than the swelling observed during the pre trea t ment proestrus or those ob-

served in the control animals . 

Synchronized es trus 

All of the treated animals manifested estrus on the 5th, 6th, or 7th 

days post-treatment . All of the animals were in standing estrus on the 

7th day after withdrawal . The length of the synchronized estr us appeared 

to be longer than usual. Of the animals allowed to pass complete l y through 

t he synchronized estrus, one had standing estrus of 3 days, 3 had 4 days 

of standing estrus, and 2 were in standing estrus for 5 days. Two others 

were in t he 4th day of standing estrus on the day of necropsy. A com-

parison of the length of synchronized estrus to leng t h of estrus before 

synchronization is as follows: 

Length of Length of 
synchronized previous 

Sow no. estrus estrus 
(days) (days ) 

11 4 1, 1 
12 4 1,1, 2 
13 5 1,1,3 



Sow no. 

14 
15 
16 
17 
18 
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Length of 
synchronized 

estrus 
(days) 

4 
4 
3 
5 
4 

Length of 
previous 
estrus 
(days) 

1,1,2 
1,1 
1,1,2 
1,2 
1,2,2 

Five of these animals had a very thick mucopurulent vaginal dis -

charge during the synchronized estrus as illustrated on chart number 2 . 

Staining of smears prepared from this discharge with Wright's stain showed 

the cellular portion to be predominately eosinophilic neutrophils. A few 

squamous epithelial cells were also observed (Figure 4) . 

Period following estrus 

Behavior and appetite following estrus were essentially normal. 

Evidence a t necropsy revealed that follicular development and ovu-

lation during the synchronized estrus had been normal. Information re -

garding the weight of the ovaries and various ovarian structures for the 

experimental animals is given on Table 2. The uterus and oviducts of the 

animals that were inseminated were examined for evidence of pregnancy . 

The findings of these examinations are as follows: 

. , ;No . of ova Days after last 
Sow no . or conceptus insemination 

13 5 4 
14 0 4 
15 9 15 
16 0 15 
17 9 24 
18 13 24 
22 3 5 
24 8 26 



40 

The actua l number of ova or embryos recovered at necropsy was a 

. 
l 

secondary consideration in this study. The primary interest was focused 

on quickly obtaining endometrial specimens for chemical evaluatio~. Be-

cause of this fact the number of ova cited above does not necessarily 

represent all that might have been present, but only indicates that ovu-

lation did occur. 

Histochemical, Histological and Biochemical Results 

Uterus 

The results from the histochemical, histological and biochemical 

studies of the uterus obtained by the procedures and expressed in values 

outlined in the materials and methods are included in Table 3 . 

Size of Pituitary, Thyroid and Adrenal 

Although the pituitary, thyroid and adrenal glands are not directly 

related to this study, they were investigated because of the· possibility 

that they might be involved in the changes that take place in animals 

during the feeding of MATCH. These glands were weighed, and the results 

are recorded on Table 4. 
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DISCUSSION 

Synchronization with K:\TCH 

Effect of ~.ATCH on experimental anima ls 

The primary goal for which MATCH was administered to the experi-

mental gilts was achieved, but there were some unwanted side effects 

t ha t were observed. 

Synchronization of estrus was satisfactorily attained in all of 

the treated gilts. The random occurrence of estrus in animals prior to 

treatment is recorded in Chart 1, as well as the anestrus of the treat -

i::ent period, and the synchronized estrus that occurred after M.:\TCH was 

removed from the feed . The synchronized estrus occurred in all ani~als 

within 5 or 6 days of termination of trea t ment. 

Several obvious clinical manifestations were observed in the gilts 

fed MATCH that were not observed in the controls. These were anorexia 

and lethargy during the feeding period and tumefaction or excessive swell -

ing of the vulva during proestrus, prolonged duration of estrus and 

copious amounts of mucopurulent vagina l exudate during the first 2 days 

of the synchronized estrus. The relationship of the anorexia and vaginal 

discharge to the treatment period is shown on Chart 2 . 

Recovery from MATCH treatment 

Recovery from the clinical effects of medication occurred within the 

first 24 to 48 hours after withdrawal. The decreased appetite and lethargy 

were not apparent on the second day after withdrawal of K\TCH . If this is 

the time that is required for the drug to be cleared from the tissues and 



42 

body fluids of the animals, one could as sume that the inhibition of the 

pituitary would be gone at approximately the same time. There would prob -

ably be a time lag before the awakening pituitary would stimulate the 

ovaries. Data in Table 2 collected by observing the ovaries of ~ilts 

necropsied 2 days after withdrawal indicate that ovaries were not stimu-

lated by the gonadotropins because there were only small follicles 3 mm 

in diameter. But ovaries of animals necropsied 6 days after withdrawal 

contained normal mature follicles 10 mm in diameter. One could speculate 

that gonadotropins stimulated the production of follicles between 2 and 

6 days after withdrawal. 

'Mechanism of action of MATCH 

Some investigators who have studied MATCH (Paget et al ., 1961) agree 

that the compound reduce s the gonadotropin (FSH, LH) output of the pitu-

itary wi th resultant temporary suppression of certain manifestat ions of 

reproductive activity. One would expect some change to take place in the 

pituitary during the treatment period . A comparison of pituitary weights 

of the experimental and control gilts necropsied in this experiment is 

presented in Graph 1 . Interpretation of this graph suggests that the 

pituitary weights were lowest in the early part of the treatment period 

and then increased as the treatment period progressed. There was no ob-

vious difference between the pituitary weights of control and synchronized 

animals in estrus. 

Selective inhibition of pituitary gonadotropins may not be t he only 

mechanism of action of MATCH. Effects on thyroid activity, volu~e of 

urine flow, milk ejection, lethargy and depression indicate t~at ~ore 
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than selec tive depression of pituitary gonadotropins results from this 

treatment. These fact s indicate that the observed side effects of the 

treated animals could be due to more general alterations in the netabolic 

activity of the animals. It may be concluded then that other pituitary 

hormones, both of the anterior and posterior areas, may be affected. 

Due t o the fact that MATCH has been reported to affect tibial growt h 

rates in hypophysectomized rats (Cargill-Thompson, 1963), the possibility 

of MATCH affecting body tissues independent of any pituitary response 

must be considered . 

Unexoe cted synchronization of cor.trol ani rr.a ls 

The control gilts all manifested estrus within 1 or 2 days of the 

time the feeding of M.~TCH was started for the experimental ani~Als. The 

controls r eturned to estrus within 1 or 2 days of the time that the syn-

chronized estrus occurred in the MATCH fed gilts. 

This result was very unexpected and some discussion as to possible 

explanation of this result seems apprvpriate . There are several possible 

explanations : It was just coincidental that al l of them happened to ex-

hibit estrus at this time , some psychic or nervous stimulus associated 

with the handling or feeding procedures may have brought all of the con-

trols into heat together, or the restricted diet from 5 lbs. per day to 

3 lbs . per day which was initiated in the control group when MATCH was 

started in the others may have caused some regulatory influence on the 

occurrence of estrus . 

It would be interesting to know what caused the synchronizat:.on in 



the controls because if these factors were understood they migh t lead to 

a more satisfactory method of synchronization than feeding MATCH . 

Effect of Synchronization on the Ovary 

Dur ing treatment 

M.~TCH obviously produced the desired synchronizing effect on the 

ovaries, as can be seen by evaluating the data compiled on the ovaries 

in Table 2 . The ovaries of the animals necropsied during the treatment 

period showed no evidence of any ovarian stimulation. Ani:nals l and 2 

were necropsied on the 6th day of the treatment period, in the 18th and 

17th days of their respective cycles. The corpora lutea were still of 

relatively normal size , but the occurrence of regression was evident 

histologically, especially in gilt 1. Regression usually starts on day 

15 to 16 of the cycle, so t hat t he findings in t hese ovaries are as would 

be expected . Gilt 3 was one of t he animals in standing estrus on t he 

first day of medication . The estrus lasted 5 days . Gross arid histo-

logical examinat i on of the ovary revealed no f unctional luteal tissue 

on the 7th day after the last signs of es trus . 

According to Sammelwitz e t al., (1961) and du Mesnil du Buisson 

et al., (1963), the influence of pituitary gonadotropins on the ruptured 

follicle is not n ecessary for the formation and maintenanc e of the cor-

pora lutea . If this is true and ovula tion had occurred, then gross and/ 

or histological examinations of t he ovary should have revea led the pres-

ence of luteal tissue. Because no lutea l tissue was found, it is pre -

sumed that no ovulation occurred in this animal at this es trus. The fact 

t ha t the follicles did not become cys tic or luteinized, but rather becam~ 

·~ • 
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atretic, may indicate that the release of the ovulatory hormone was af-

fected by treatment. In normal animals the ovula tory stimulus occurs 

some time before ovulation takes place . This means that t he release of 

the ovulatory stimulus in Gilt 3 would have occurred very near the ini-

tiation of oral treatment. Usually oral medications are considered to 

r equire a little time for absorption and the establishment of a blood 

l eve l. The inhibition of the ovulatory stimulus release from the ante-

rior pituitary is, therefore , questionable . The animal also was the 

very first to become anorexic. These two facts together ~ay lead to the 

conclusion that t his animal was very sensitive to the inhibitory effects 

of HATCH, although thi s is merely speculation. Gilt 4, also in t he early 

stage of follicular development when the trea tment was started, had 14 

normal sized corpora lutea at necropsy . Ovulation had evid ently occur-

red with normal luteal forma~ion . Assuming that ~ATCH did inhibit pitu-

itary gonadotropin release , the corpora lutea were formed and maintained 

from the initial stimulus of the ovulatory hormone as suggested pre -

viously . 

Animals 5 and 6 , necropsied on the 18th day of treatment, had rela -

tively small ovaries with no recognizably functional structures . Both 

grossly and histologically no corpora lutea or follicles were seen. 

From withdrawal throug;h estrus 

Ovaries from gilts 7 and 8, necropsied on t he 2nd day after with -

drawal of the medication resembled t hose found on the 18th day of the 

treatment period. The ovaries were small with no corpora lutea or fol-



46 

licles visible . Gilts 9 and 10 had. normal, nearly mature follicles on 

the 6 th day after withdrawal and in the 2nd day of the synchronized es trus. 

These large follicles, seen 6 days after withdrawal of the treatment, in-

dicate that the pituitary inhibition l as ts only a shor t t ime a fter with-

drawal. Gilts 11 and 12 were necropsied on the 9th day after withdrawal, 

or t he 4th day of standing estrus. Gilt 11 had grossly and histologically 

nor mal corpora hemorrhagica present on both ovaries with progressing 

luteinization , indicating that ovulation had t aken place . Number 12 had 

not yet ovulated and had 13 large , histologically normal fol l icles . Be -

cause of the fact that ovulation may take place at various times during 

the prolonged estrus,it would be difficult to determine t he optimum time 

for insemination . Several inseminations on successive days would prob-

ably be required to insure conception. 

After synchronized estrus 

Gilt 13 had 11 corpora lutea about 8 mm in diameter. These struc -

ture s were nearly completel y luteinized. Ovulation had taken place in 

the synchronized estrus with relative ly normal lute inization occurring . 

Gilt 14 , necrops i ed on the 13th day after withdrawa l or 4 days after the 

synchronized estrus, had 6 large luteinizing f oll icles and no corpora 

lutea . This was the only evidence of cys t ic follicles seen in any of 

the treated animals, and is not of particular significance since cystic 

ovaries are rela tively common (2 - 3%) in swine (Wiggins et al., 1948) . 

I t should be noted t ha t no ova were recovered from this anima l at nee -

ropsy . 
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Gilts 15, 17 and 18 had large histologically normal corpora lutea . 

i\umber 16 had 8 corpora lutea which were large but regressing as well as 

12 follicles about 6 nun in diameter. The corpora lutea were rather vas-

cular with definite signs of cellular degeneration. This animal was 

necropsied on the 18th day of the cycle. Treatment was initiated on 

the day following standing estrus and withdrawn on the day that signs 

of the next proestrus first appeared. This proestrus was rather pro -

longed. The standing estrus that followed was rather unusual in that 

the animal seemed to accept the boar intermittently. On the day before 

necropsy the animal was showing definite signs of proestrus . Ovulation 

during the synchronized estrus had occurred, but no pregnancy resulted . 

Condition of ovaries of control animals 

Gilt 19, the youngest of all the experimental gilts, had no evi -

dence of previous ovulation visible on the ovaries . No corpora albicans 

were visible grossly or histologically . Many small follicles were ob -

served however . In light of this, no satisfactory explanation can be 

offered for the record ing of signs of proestrus on two occasions and of 

standing estrus after the last proestrus . The signs of proestrus re-

ported may indicate that some degree of follicular development occurred 

at these times, but ovulation did not result. Gilt 22 had large vascular 

corpora lutea which were histologica lly normal, but also had one la r ge 

cystic follicle, 25 mm in diameter . The ovarian structures for the other 

control animals are described in Table 2. The structures on these ovaries 

correspond to the stage in the cycle in which the animals were necropsied. 
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This brief explanation of the ovarian structures present at nec-

ropsy has been made to point ou t t he effectivene ss of t he synchr oniza t ion 

procedure and to indica te the ovar ian changes which ha ve a great inf l u -

ence on the uterus. The preceding summary of ovaria n activity ind ica t e s 

that th~ pituitary influence on the ovaries was very insignificant dur -

ing the treatment period. It also points out the rapid return of ovarian 

function after withdrawal. 

Weight s of the reproductive trac t s 

The total weights of the r eproductive tracts of the animals a lso 

t end t o r e flec t t his ova r ian effect. Data from the weights o f these 

tracts, as seen in Gra ph 2, show a con stant decrease in total we igh t dur-

ing the t r eatment period. This weight decrease continued after termina-

tion of the treatment, but rapidly increased again as the onset of estrus 

approached. Grossly the uteri appe ared rather normal throughout t he trial 

period. Polge (1964) states t ha t the uteri from animals treated with 

MATCH were small and prepubertal in appe arance . The uteri from the animals 

of this experiment were somewhat smaller in weight, but certainly not 

small enough to be considered pre puberta l. This comparison may very we ll 

have been true, if the treatment period had been longer. 

Evaluation of the Uterus 

His tologica l find i ngs 

Histolog i cal evaluation of t he uter us revea l ed t hat not a ll of t he 

histological f eatures studied wer e affected by synchr oni za tion. Some of 

the features were greatly affected by MATCH treatment while others wer e no t. 

' 
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Uterine epithelium height The uterus surface epithelium height 

during the trea t ment period is relatively low, as can be observed on Grap~ 

3. Th is is as expected since the animals were in either the luteal phase 

of the cycle or without ovarian stimulation on the uterus. The outs tand-

ing feature of Graph 3 is the demon s tration of t he difference between the 

uterine epithelial height in ~TCH synchronized g ilts and control gilts . 

Treated animals studied on the 2nd a nd 4th day of the synchronized estrus 

periods had heights which wer e a pproximately in the normal range for this 

time (30 - 40 microns) . The control animals slaughtered at a similar time 

in the cycle also were in this range. The medicated animals slaugh tered 

on the 4th day after the end of standing estrus had very high surface 

epithelium. The controls studied at this approximate time , however, were 

in the normal range. 

McKenzie (1926) quoted the maximum height in his stuqies as being 

63 microns. However, one of the se ani~als had an average of 110 uterine 

measurements which was 62 microns , while the other animal necropsied at 

t h is time averaged 47 microns . The maxifilum heights measured in these 

animals was 81 and 66 microns respectively . It is difficult to explain 

why the epithelium of these animals was so high, when the values for t he 

control, necropsied at a similar time , we r e in the range considered nor.:ial. 

These cells were evidently either very sensitive to the ovarian steroids , 

or the influence of these steroids on the uterus was very h i gh and pro -

longed. The sensitivity of the tissues of the reproductive tract after 

the trea t ment period was discussed in relationship to the mar ked vulvar 

edefila of the synchron i zed proestrus. Sync~ronized animals necropsied two 
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weeks later in the trial period (pregnant animals) were well within the 

normal range and were similar to the control animals. Number 16, a syn-

chronized animal that was bred but didn't conceive, was necropsied on the 

16th day of the cycle. The epithelial height was much higher (see Table 

2) in this animal, but it was showing initial signs of proestrus at time 

of necropsy. 

The comparison of the glandular epithelial height of MATCH synchro-

nized animals and controls is shown on Graph 4. Both groups conform to 

the cyclic variation described by Corner (1921). This is one of the 

features that was not obviously affected by M.~TCH treatment. 

Frequency of observed mitosis The degree of mitosis observed in 

the animals is shown on Graph 5. Mitosis can be seen to occur to some de-

gree in any given uterus at any time, although the frequency of cell divi-

sion is certainly variable. Both the treated and control animals reached 

a maximum number of mitotic figures during the estrus period. Since 

mitosis is most commonly seen just prior to, during and shortly after 

estrus this must be considered normal for both groups. The figures cited 

on the graph actually represent ranges, as indicated in the materials and 

methods . The graph indicated that mitosis during the synchronized estrus 

is relatively high in frequency in comparison to the periods before and 

after this period of time. The control animals also showed a similar fre -

quency of observed mitotic figures. 

Submucosal edema The submucosal edema viewed histologically with 

representative values,which are shown in Table 3, indicate that t he sub-

mucosa of the animals during treatment is rather dense and compact, like 

\ 
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an animal in the luteal phase of the cycle. The compactness .of the sub-

mucosa decreased, after withdrawal of the medication, and follicular de-

ve lopment occurred corresponding with the occurrence of edema . Edema seen 

in the submucosa is considered normal during the estrogen phase of the 

uterine cycle. After ovulation the edema in all the treated animals de -

creased. At no time did the submucosa of the animals necropsied during 

the treatment period appear to be more dense than those during the luteal 

phase following the synchronized estrus. The control animals also ex-

hibited a normal amount of edema in the follicular phase of the cycle 

with more compactness of the submucosa in the luteal phase . 

Numbers and types of leucocytes The relative numbers and predom-

inate types of leucocytes in the uteri of the an i mals are shown in Graph 

6 . The total numbers and types of leucocytes seen during treatment, and 

in the period between withdrawal and the synchronized proestrus, were ap-

proximately normal . During estrus, however, both the treated and control 

animals varied somewhat from the normal described by Corner (1921). The 

total leucocyte count increased as expected, but the predominant type seen 

in both groups was not as described by Corner. According to Corner (1921), 

predorninent leucocyte type at estrus is neutrophilic polymor phonuclear-

leucocytes, with an occasional eosinophile. The occurrence of eosinophils 

does not become prominent then until 8 - 10 days after ovulation has 

occurred. In the animals used in this study the eosinophils appeared du~­

ing estrus . These cells were very evident in the epithelial cell layer , 

contrary to indications made by Corner (1921). _ The most striking differ -

ence observed between the controls and the treated animals was the great 



52 

differenc~ observed in the total numbers of eosinophils. The treated an-

imals necropsied in estrus had a very great number of eosinophils lining 

the basement membrane of the epithelial cells . These leucocytes were 

generally tightly packed together under this membrane and often 3 or 4 

layers thick. These cells were also frequently seen in the controls, but 

not with t he consistently high frequency observed in the treated animals . 

The occurrence of leucocytes, during proestrus and estrus has been 

reported in heifers , ewes and gilts (Nellor and Brown, 1966). These cells 

were described as leucocyte-like cells not of immediate b lood origin, but 

from morpho l ogical modificat ions of plasma cells. The reason for the ap-

pearance of these cells was not explained. It had bean postulated that 

t hey are an antibacterial mechanism of the reproductive tract. 

Eosinophils of blood cell origin are thought t o be associated with 

antigen reactions in the body . These cells may serve as highly mobile re-

serves of enzymes necessary for phagocytosis of the antigen partic le by 

mac r ophages (Speirs, 1964) . Which, if either , of these functions is per -

formed by these eosinophilic cells in the uterine subraucosa is not known. 

The significance of the high levels of these cells in the submucosa of the 

treated animals is therefore uncertain. As had been stated, a vaginal dis -

char ge which was noticed in the treated animals was composed of eosino-

philic cells . The appearance of this discharge coincided with the occur-

rence of high numbers of similar cells in the uterine submucosa and wit~in 

the epit helial layer itself . It is very possible that t he source of the 

cells seen in this discharge originated from the uterine submucosa . The 

possibility remains t hat the discharge originated from the cervical or 

'1 
I 
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vaginal portion of reproductive tract. The occurrence of these cells in 

the vaginal or cervical suboucosal areas is not known , since no sections 

were studied from these areas. 

CheQical and histochemical evaluation of the uterus 

Alkaline phosph~tase The results of the chemical determinations 

of alkaline phosphatase, shm·m in Graph 7, indicate that t he level of this 

enz~e was very low during the treatment period and in the withdrawal-to-

proestrus interval. The levels of this enzyme are normally low in the 

luteal phase of the cycle and increase as estrogen stimulates the uterus 

in its characteristic pattern. The level of these enzymes remained low 

through the 4th day of the standing estrus in these treated animals and 

increased t he 8th day of the cycle. This increase, though delayed, a -

chieved levels a little higher than the normal animals . The control an-

imals were in t he range considered near normal on the 2nd .and 3rd days 

of estrus, but were definitely declining on the 7th day of the cycle. 

It is interesting to note on this graph that the levels observeci in 

4 synchronized animals on t he 2nd and 4th days of the cycle had alkaline 

phosphatase levels which were not much higher than during the medicated 

period. The control animals, necropsied at a similar time in the cycle, 

had substantially higher levels . The levels in the treated animals raisec 

to sinilar levels, but 4 to 5 days later. As the progestational influ-

ence on the uteri occurred, later in the period following synchronized 

estrus, the levels of the controls and treated ani~~ls became more co~-

parable. These alkaline phosphatase levels, whic:-i are st:.:-.: : ed by 
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estrogens, indicate that follicu lar development may have been somewhat 

slower i:--. the cycle of the treated animals than in the cont rols, assuming 

that day 1 of the cycle is regarded as the 1st day of standing es trus 

with no rela tionsh ip to actual time of ovulation. The his tochemical eval-

uation of alkaline phosphatase activity is shown on Graph 8. The ranges 

shown on this graph do not demonstrate very clearly the sequence described 

by the chemical analysis of alkaline phosphatase . The points plotted on 

this graph indicate that the histochemical trend s are very comparable be-

tween the treated and control groups . 

Glvcogen Analysis of the data obtained from the chemical de ter-

mination of endornetrial glycogen indicates tha t the g l ycogen l evels ob -

tained at similar stages of the cycle had a very wide range. This range 

ob served on Graph 9 was especially great in the an imal s during the with -

drawal to synchronized pr oestrus interval. These values also seem to be 

r a ther high for a tissue that is not ordinarily considered to s tore l arge 

r eserves of glycogen . The g l ycogen reserves found in the liver, the most 

i mportant glycogen reservoir, are only about 7 - 8% of the total wet weight . 

The values determined for the uterus varied from 0 . 75 mg to 3.5 mg% . Be-

cause of the large range found and the high l evels of glycogen the ac-

curacy of the chemical de termination shown on Graph 9 for g lycogen is 

questioned . 

The histochemical values of glycogen shown on Graph 10 indicate that 

t he animals necropsied f irst in the treat ment period had a relatively 

high g lycogen value. This is to be expec t ed in histochemical obs~rvatio~s 

since g lycogen reaches the highest concentra tion in the l uceal phase of 

t 
I 
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t he cycle . The amounts of PAS positive material steadily decreased as t he 

trea t men t period progr es sed and through the withdrawal to synchronized 

es trus interval. Values seen in both the controls and t he treated animals 

during the first 9 days of the cycle are s i milar and low . These l evels 

then start to increase at about the 8t h to 10th day of the cycle , accord -

ing to Graph 10. The level of gl ycogen increased first in t he treated 

and then the control gilts. It should be pointed out that no control was 

necropsied at a pe riod corresponding to the 18th day of t he cyc le as show;i 

on the graph for a treated anima l. Had a control animal been necropsied 

a t the 18th day, the values may have been more comparab le. Animal number 

16 did not conce ive , so the values for this animal do not apply to this 

graph . 

Gener a l Discussion 

Difference s between control and treated animals 

General consideration of all t he parameters indicate that very little 

varia tion was observed between the treated and control animals as f ar as 

the amount of submucosal edema , glycogen and mitosis rate in t he endo-

metrium were concerned. The predominant t ype of l eucocyte is somewhat 

similar for the treated and contro l animals. The total leucocyte number 

of t he trea t ed animals t ended to be s omewha t higher than the controls, but 

evaluation of leucocytes i n tissue is very difficult to accur a t ely accom-

plish . The peak levels of alkaline phosphatase and t he epithelial height 

were s.omewhat exaggerated and delayed in comparison to the nor~al animals . 

This evidence i ndica t es t ha t the metabolic activities of the uteri of 
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synchronized swine are near norm~l, with the possibility that some of thes~ 

cyclic ch~nges are slightly delayed and exaggerated . 

Liraitations of t h is invest igatio~ 

The results obtained in this study reveal some differences between 

MATCH synchronized gilts and controls which suggest some definite con-

clusions regarding probable consequences associated with MATCH synchron-

ization ~hat may decrease reproductive efficiency. The chief li~itation 

i s t he small number of animals tha t were ava i lable for this i nves t iga t ion . 

The results and conclusions should be interpreted in the :ight o= the 

limited sampling. Further work should be done to confirm or dispute tne 

findings of this study . The results of this preliminary study should be 

suppl emented by investigations on l a rger numbers of animals in the period 

of 2 - 10 days after withdrawal of the drug. 

Consequences of M.~TCH induced uterin~ changes 

The consequences of the de l ayed response of the uterus on the nor~l 

development of the ferti l ized ova are not clear. The ova should e nte r the 

uterus 3 to 4 days after ovulation in a synchronized gilt. At this ti=e 

the uterine epithelial height and alka l ine phosphatase will just be reach-

ing the highest points , instead of starting to decrease as in the normal 

uterus. The developmen t al stage of the uterus will be possibly 2 - 3 days 

behind t he development of the f ertilized ova . 

The significance of this delay in a normal gilt is probably not too 

great . (The most optimal situation exists when perfect synchrony exists 

bebveen the uterus and ova . ) Evidence cited earlier in studies of ova 

I 
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transplants of r a ts (Psychoyos , 1966) indicates that the chance for sur -

vival of the ova is better i f the developmental stage of the ova is slight-

ly ahead of the uterus th~n if this r e lationship is reversed . 

The failure of the uterus to be perfectly coordinated with the de -

veloping ova may be a contributing factor to some reports of a dverse ef -

fects of MATCH on embryo survival (Gerrits and J ohnson , 1964a) . As can 

be noted on graphs of epithe lial height and alkaline phosphata se, these 

factors are within the normal range by the time of i mplanta t ion . This in-

dicates that the most critical time for the ova, a s far as t he MATCH in-

duced uterine varia tions are concerned, is in the period between the entry 

of the ova in the uterus and implantation. In trials where t he conception 

r a t e and embryo survival have been norma~ the uterus has probably been 

able to develop rapidly enough so that the effects of t he de l ayed uterine 

respon se on the fertilized ova were minimized. 

Gilts or sows t ha t are not quite normal may not be able to rapidly 

correct the lack of unison between the fertilized ova and the uterus. 

The r esulting uterine abnormalities then could be a contributing factor 

to decreased embryo survival rates or failure of the g i l ts to conceive at 

all. The r a t e at which t he uterine conditions become normal may be de-

layed somewhat if pathological or other abnormal circumstances exist . The 

occurrence of one insult , as a pathological condition or MATCH treatment 

alone, may not gr ea tly affect the survival rate . A combination of these 

two factors , may conceivably interfere with normal uterine deve lopillent 

sufficiently to lower t he embryo survival rate. 
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SUMMARY AND CONCLUSIONS 

1. Genita l organs and clinical manifestations were studied in 18 

gi l t s that were synchronized with MATCH and 6 control gilts. 

2. Genital organs were studied by means of gross observation, ligh t 

microscopy, histochemistry and chemical ana l ysis . 

3. The occurrence of side effects due to MATCH treatment, such as 

lethar gy and anorexia, appears to vary bebveen individua l ani~ls. 

4 . The ovaries of the animals necropsied during the treatment period 

indicate very little or no evidence of pituitary influence. 

5 . The tota l weigh t of the reproductive trac t decreases steadily 

during the treatment period, but rapidly increases with t he onse t of the 

synchronized e strus. 

6. The withdrawal of the treatment brings about a rapid and apparently 

comple te recovery from the side effects of MATCH treatment . 

7 . The ovarian activity aft er withdrawal was norma l with r espect to 

follicular development, ovulation and corpora luteal formation . 

8 . The time of ovulation in M.l\.TCH synchronized es trus was s l ower 

than normal, not occurring until the 3rd to 4 th day . 

9 . MATCH synchroniz~tion a ppears to cause t he proestrus period to 

be very prominent, with marked swelling of the vulva . 

10. The MATCH synchronized estrus period is prolonged, lasting 4 -

S days. 

11 . Treatment with Y.ATCH causes copious amounts of mucopurul2nt 

vaginal discharge , composed primarily of eos inophi l s , during the first 

2 deys of the synchronized estrus. 
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12 . The ~~ximum heigh t of the uterine surface epithelium was greater 

in t he treated .::iaimals than i n the controls. This maximum he ight was r.ot 

achieved until approximate ly 4 - 5 days later in t he treated ani~als than 

the highest epithelium occurred in controls. 

13. The maximum levels of alkaline phosphatase activity in the 

MATCH treated animals occurred approximately 4 days later than in the 

control animals . 

14. The total number of leucocyces observed in the endornetr ial 

submucosa of both the treated and control animals were similar . 

15 . The treated animals had a preponderance of eosinophils in the 

suboucosa during estrus, in comparis on to t he contro l an~~als . 

16 . The determinations of g lycogen , mitosis and uter ine sub~ucosal 

edema were similar for t he treated and co:i.trol animals. 

17 . By the approximate time of implantation, 18 - 24 days, the de -

terminations for a ll the v~riables revealed litt:e difference between 

t he trea t ed and control animals. 

18 . There are some diffe r ences in t he uteri of )1ATCH synchro:i.ized 

animals and untreated ani rea l s during and shortly after estrus . These 

differences may possibly provide an explanation for t he slight decrease 

in conception rate and l itter size sometioe s observed in MATCH syn-

chr onized animals. 
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Chart 1. Daily record of estrus cycles of experiment~! gilts. 
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Chart 2 . Anorexia and vagina l discharge of experimenta l gil t s . 
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Table 1. Bl ood studies of experimenta l g ilts 

Sow no . Tota l Qeucocytes Tota l e rythrocytes Clotting time Packed ce 11 v ol ume 

million s/mm 3 (min. ) ( io) 

5 24 ,297 7.97 1. 55 32.0 
7 20 ,358 9.92 4.6 2 34.0 
8 20,267 9.33 7. 64 38 .0 

12 12,520 8. 71 6. 96 28 .0 
16 17, 32 1 7 .96 7. 83 33.5 
18 19 ,522 8.21 6 . Li o 33.5 

Tab l e 1. (Con t.) 
-..J 
.j:'-

Leucocyt e ~iffercnt ia l ~%~ 

Sow no . Basoph iles Bands Segs Lymphocytes Monocy t es Eosinophils 

5 0 2 20 59 0 19 
7 1 1 34 58 0 6 
8 0 2 27 67 0 4 

12 0 3 17 74 0 6 
16 1 9 24 64 0 2 
18 0 2 12 77 2 7 



Tab l e 2 . Ovar i an observa t ions pn experimen t a l gil ts 

Sow Tota l Cor pora Lu t ea Foll ic l es His t o l og i ca l 
weight or 

no. ovaries s ize no . r emarks s ize no. remarks 

Synch r onized an i ma l s 

1 9 . 2 Bmm 12 regr e s s ion of 4mm 25 corpor a l utea av as -
C.L. cula r, l utea l cel l s 

degenerating , f i brosis 
occurring 

2 11.1 lOmm 14 early r egress ion 5mm 22 still vascu l ar , signs 
of c e l lu l ar degenera -
tion 

3 4 . 6 3mm 21 c. a l bicans 3mm 17 no active structures ......, 
V1 

4 11. 3 l Omm 14 f unc t iona l 3mm 16 c . l utea very vascular 
5 3.7 3mm 16 c. alb i cans 4mm 26 a ppears ;. dat i ve l y 

i nact i ve 

6 4. 8 3mm 19 c. alb icans 3mm 12 a ppears re lat i ve l y 
inact i ve 

7 5.7 2mm 19 c. albicans 3mm 33 appears r elative l y 
inactive 

8 5. 5 4mm 12 c. albicans 3mm 26 a ppea rs relative l y 
inac tive 

9 5 . 9 2mm 18 c. a l bi cans l011m1 8 h is t o l ogica lly norrna l 
fo llic lcs 

10 6. 5 l mm . c. albicans l Omn~ 7 h is to l ogicn lly nonna l 
foll i cles 



, u .. 

Tnblc 2 . ( Cont. ) 

Sow Tota l Corpora Lu t ea Follicles Histological 
wej gh t of 

no. ovarie s size no. r emarks size no . r emarks 

11 4.5 9mm 12 c. h emorrh- luteinization well 
agicum progressed 

12 8.7 2mm 21 c. al.bicans llrnm 13 follicles l a r ge , 
norm:il 

13 8.8 8mm ll c. hcmorrh- 3mm 18 l utein ization near 
agicum c omp l ete 

14 18.8 2nun ll c. a l bicans 20mm 2 l uteiniz ing cys tic 
f ollicles 

14mm 4 l ute i nizing ....... 
0\ 

15 14 .3 l Onun 14 functional 2nun l.5 c. L. histol ogically 
normal and folly 
functi onal 

16 11.1 8mm 8 early r egression 6mm 12 still vascu l ar , signs 
of c ellu lar dcgencr a -
tion 

17 ll.3 l Orrnn 19 func tiona l 4uun 40 c. L. very v.:iscuL1 r 
and active 

18 11.6 l Onun 13 fun ctional 5mm 27 c. L. ver y vascu l ar 
and active 



Tabl e 2. (Cont .) 

Sow Tota l Corpora Lutea Follicles Histologica l 
weight of 

no. ovarie s size no . remarks size no. r emarks 

Controls 

19 ------ many small no C. L. or c. 
follicles albica n, doubtful 

if anima l had ovu-
l ated 

20 6.4 7mm 16 c. h emorrh- very early lute iniza -
agicum tion , ovu lation prob -

ably only very re -
cently occurred ...._, 

21 10.8 lOmm 12 c. hemorrh- l uteinization wel l ...._, 

agicum progressed , not yet 
comple te 

22 21.8 12mm 8 functional Smm 12 vascular and ac tive 
c. L. 

25mm 1 cyst cyst not lutein i zed 

23 7.4 9mm 14 funct ional 2mm f ew c. L. very vascular 
and act i ve 

24 11.3 12mm 12 functional 4mm 27 c. L. very va scu l ar 
and active 



Tab l e 3. Data from uterine studies of experimental gilt s 

S nchronized 
Sow no. 1 2 3 4 5 6 7 8 9 10 11 

(units and values as descr ibed in ma t e ria l s and me thods) 

Cell height in microns 
surface epithelium 
glandular epithe lium 

* Edema of submucosa 

Occurrence of mi tosis 

Leucocyt e concentration 
Predominate l eucocyte 

~'-:~~ t ype 

Histochemistry 
a l kal i ne phosphatase 
g l ycogen 

Biochemistry 
a 1 ka line phos -
phatase - 1 
alka line phos-
pha t ase - 2 
g l ycogen - 1 
g l ycogen - 2 

* 

24 
15 
2 

1 

3 

E 

2.0 
2.5 

0.9 

0 . 8 
2.0 
1. 8 

22 
15 

2 

1 

1 

L 

2.0 
3 . 0 

0 .6 

0.6 
2 . 2 
2.2 

28 
14 

1 

0 

4 

L 

2.5 
1 

1.0 

1.1 
0 . 7 
0 . 5 

25 
19 

1 

1 

3 

E 

2.5 
2 

2.0 

2 .1 
1. 6 
1. 7 

23 
11 

1 

0 

3 

L 

2.0 
1 

0 .9 

0.7 
1. 6 
1. 8 

Eva luated according to the following s t andards 
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Table 3 . (Cont. ) 

Sync'oronized Controls 

Sow no. 13 14 15 16 17 18 19 20 21 22 23 24 
(units and values as described in materials and methods ) 

Ce ll height in microns 
surface epithelium 62 47 18 54 26 18 27 37 38 39 44 20 
glandular epithe lium 22 22 19 23 15 15 12 16 19 22 21 15 

* Edemq of submucosa 3 4 3 2 2 2 1 3 3 2 3 1 
' 

Occurrence of mitosis 1 1 0 1 0 0 1 4 3 0 4 0 
Leucocyte concen trat ion 1 1 1 2 1 1 2 4 2 2 1 1 
Predomina te l eucocyte L N L L N E L N L E N L 

-]~--·~ 

type 
-...] 
\D 

Histoch emistry 
a l ka line phosphatase 3.0 5.0 1. 5 3.0 1. 5 2.0 . 1.5 4.0 3.0 3.0 2.5 1. 5 
glycogen 0.5 0.5 3.5 0.5 4.0 3 0.5 0 . 5 0 . 5 0 . 5 1. 5 3.5 

Biochemistry 
alkaline phos- 8.0 10.0 1. 5 6 . 5 0 .9 0 .9 4 . 9 7 . 6 7.5 4 .5 5.5 0. 9 
phatase - 1 
alka line phos- 7 .8 9.6 1. 5 6 .4 1.1 -~·;...,':"'I': 5.3 7.6 7.2 4.5 5.5 0.8 
pha t ase - 2 
gl ycogen - 1 0. 8 1. 8 3.6 2.6 3.3 2. 9 1.3 2 . 9 2. 1 1. 5 3 . 0 2.9 
g l ycogen - 2 *..,'(..,': .. ,'{ 1.9 3.6 2.8 3 .0 2.7 1. 6 3.0 _..,,,:..,':* 1.6 3.0 2.8 
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Tab l e 4 . Weights of endocrine organs of experimental animals 

Sow no . Pituitary Thyroid Adrenal 
- -

(weight in grams) 

1 0 . 27 12.l 5 . 4 
2 0 . 29 10 .4 4.6 
3 0 . 34 13 .0 6 . 8 
4 0 . 30 13 .5 6 . 0 
5 0 . 24 7 . 9 4 . 1 
6 0.40 11.0 5.4 
7 0.34 13 . 2 6 . 6 
8 0 . 39 12.8 6.2 
9 0 . 35 12 .4 5.4 

10 0.36 11. 7 8.7 
11 0.38 6 .8 6.0 
12 0.41 11.1 4 . 8 
13 0.36 13 . 2 5 . 5 
14 0 . 37 24.8 6 . 8 
15 0 . 35 16 . 7 11.2 
16 0.38 18 . 9 6.2 
17 0.35 12 . 0 5 . 2 
18 0 .37 7.6 8.0 
19 0 . 32 ---- 7. 0 
20 0 . 32 10.9 6 . 0 
21 0 . 34 12 . 3 4. 7 
22 0.38 15 . 3 6.4 
23 0.35 8 . 1 6 . 5 
24 0. 35 8 . 8 7.8 



Graph 1. Pituitary weights of experimental gilts. 
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Graph 2. Weight of genita l organs of experimen tal gilts. 
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Graph 3. Height of uterine surface epithelium of gilts . 
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Graph 4 . Epithelial height in uterine glands of experimental gilts. 
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Graph 5. Compar ison of observed mitosis in endometrial epithelium of experimenta l gilts . 

Va lues represent number of mitotic figures estimated 
during detailed examination of one histological section. 
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Graph 6 . Relative l eucocyte number and type in the uterine submucosa of experimental gilts. 

Values r epresent the following : 

1 very few l eucocytes 
2 few l eucocytes 
3 mod erate numbers of l eucocytes 
4 many l eucocytes 
5 v ery nmny l eucocytes 
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Graph 7". Chemical de termina tions of alkaline phospha tase activity in 
endometrium of experimental gilts . 
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Graph 8. Histochemica l estimation of alkaline phosphatase activity in endometrium of experimental gilts. 

Evaluation based on the following guides: 

0 no activity 
1 slight activity 
2 modera te activity 
3 intens e activity 
4 very intense activity 
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Graph 9. Chemical determination of endometrial glycogen in gilts. 
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Graph 10. Histochemical demonstration of glycogen in endome trium of experi menta l gilts (P .A. S . ) . 

Evaluation based on the following guides: 

0 no PAS reaction 
1 slight PAS reaction 
2 moderate PAS reaction 
3 intense PAS reaction 
4 very intense PAS reaction 
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Figure 1 . Eosinophils in uterine submucosa near endometrial basement 
membrane in synchronized gilt no. 12 . 
Stained with hematoxylin-eosin. 420X 

Figure 2 . Eosinophils in uterine submucosa near endometria l basement 
membrane in synchronized gilt no. 12. 
Stained with hematoxylin-eosin. 950X 
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Figure 3. Eosinophils in submucosa near uterine gland (uppe r right 
corner) in synchronized gilt no. 12 . 
Stained with hemotoxylin-eosin stain. 950X 

Figure 4. Eosinophils in vaginal discharge in gi lt no. 16 . Discharge 
occurred on 5th day after MATCH withdrawal and at 1st in-
dication of standing estrus. Note epithelial cell in upper 
l ef t corner. 
Stained with Wrigh ts stain. 950X 
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Figure 5. Uterine surface epithelium of gi lt no. 22 
necropsied on day 7 of the estrus cycle. 
height of this epithelium to that of gilt 
in Figure 6. 
Hematoxylin-eosin stain. 420X 

(control) 
Compare 
no . 81 seen 

Figure 6. Uterine surface epithelium of gilt no. 13 necropsied 
on day 9 of the synchronized estrus cycle . 
Hematoxylin-eosin stain. 420X 
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Figure 7. Alkaline phosphatase reaction in the uterus of gilt no . 22 
(control) necropsied on day 7 of the estrus cycle . Compare 
degree of reac tion in surface epi t helium to that observed 
in gilt no. 14 seen in Figure 8 . 
Gomori's alkaline phosphatase technique. 420X 

Figure 8 . Alakaline phosphata se reac tion in the uterus of gi lt no . 14 
necropsied on the 8th day of the synchronized estrus cycle . 
Gomori ' s alkaline phosphatase technique . 420X 
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