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I. INTRODUCTION

The development of antifertility drugs does not appear to have received due

attention by the pharmacologist. Yet it is a field offering fascinating problems

in fundamental research which carries with it tremendous biological potenti-

alities-for both good and ill.

The object of this review is to present the problems involved in the pharmaco-

logical achievement of selective interference with the mammalian reproductive

process, and to describe the progress made to date. So long and complex are the

physiological events culminating in the production of the mammalian offspring,

that there are very many possible points of interference by chemical agents.

Unfortunately, knowledge of the natural controlling factors and the dynamics

of the process is relatively rudimentary. Interference with reproduction may

take the form of direct or indirect damage to the developing or mature gametes

prior to copulation, or after this event but before fertilization. The union of

sperm and ovum may be prevented or the fertilized ovum may be hindered

during the process of implantation into the uterus. Finally the implanted embryo

may be the focus of chemical attack in various ways at different stages of its

development. It should not be overlooked that studies of drug action on repro-

duction may also furnish valuable information concerning reproductive physi-

ology.

The control of population growth and the development of antifertility agents

have, of course, been reviewed from time to time and reference may be made to

the more important of these articles (65, 101, 119, 204).

II. SPERMATOGENESIS

Mammalian spermatogenesis is divisible into two main phases: the formation

of morphologically mature sperm within the testis and the collection of these

cells into the epididymis, a single tortuous tube of considerable length which

terminates in the vas deferens.

The testicular phase. The principal stages of the extremely complex process of

spermatogenesis are indicated in Table 1. Within the testis there are numerous
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TABLE 1

Outline of the development of spermatozoa

Stage Number of Celist

Type A spermatogonia 1

“Intermediate type 6

Type B spermatogonia 12

Primary spermatocytes 24

Secondary spermatocytes 48
Spermatids 96
Spermatozoa 96

* Adapted from work in the rat by Leblond and Clermont (84).

t The estimated number of cells originating from one spermatogonium is shown for
each stage. The population of spermatogonia is believed to be maintained by one of 4 cells
arising from the second division of type A cells.

minute individual seminiferous tubules, in each of which spermatogenic activity

occurs as a continuous series of waves. The result is the liberation of morpho-

logically mature spermatozoa into the lumen of the tubules. Very little is known

concerning the dynamics of this intricate process or the factors which initiate

and regulate its many phases. Recent estimates of the duration of the testicular

phase in rats and mice indicates that upwards of 35 days is required for the

conversion of spermatogonia into spermatozoa. During this time several further

generations of spermatogonia have successively commenced the differentiation

process, so that the histological appearance of the testis presents a varied series

of cell associations, according to the stages of activity of the particular portion

of the tubule examined. In the rat, during the development of 96 spermatozoa

from each spermatogonium there are seven successive divisions of cells, six of

which are normal (mitosis) whilst in one the number of chromosomes is reduced

to one-half (meiosis). This latter process occurs during the conversion of primary

to secondary spermatocytes and is unique among the body cells. The transforma-

tion of spermatids to spermatozoa, which occupies about 20 days, does not in-

volve cell division but is a complex metamorphosis. It is important to note that

all the spermatogenic cells are apparently in a similar environment and therefore

presumably accessible to any substance which may gain entry to the tubules.

Since there is a continuous passage of fluid and other materials towards the lumen

of the tubule, cells at the periphery should be the first to be exposed to a drug.

Although in some species spermatogenesis is subject to considerable variation,

in rats and mice under laboratory conditions mitotic activity in the testis ap-

pears to be constant throughout the day (17, 29). Close agreement in the number

of tubules containing cells at any given stage of the seminiferous cycles has also

been observed in different rats (84). The picture of a continuous production of

spermatozoa is in keeping with experimental evidence derived from the use of

antifertility drugs (12) and the progressive maturation of germinal cells with

final emptying of the testis and epididymis in unmated adult rats in which

spermatogonia had been selectively destroyed by radiation (154, 171).
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The epididymal phase. Morphologically mature sperm from the seminiferous

tubules are collected by a number of ducts which discharge their contents into

one main stream, the epididymis. This latter structure has long been regarded

as a reservoir for spermatozoa, but its functions are not clearly understood. In

keeping with the continuous production of spermatozoa by the testis, it has

been demonstrated that, in the rat, injected radio-opaque material requires

upwards of 14 days to traverse the epididymis (91). This movement was further

shown to be due mainly to an independent secretion of fluid at the proximal end

of the epididymis with a resorptive process towards the far end of this structure.

Presumably this circulation of fluid is partly responsible for the onward progres-

sion of spermatozoa, assisted by peristalsis along the epididymis. The fate of

sperm not utilized for insemination is not clear. The fact that spermatozoa spend

so long traversing the epididymis is indicative of an important physiological role.

In it the sperm are believed to undergo a maturation process and are nonmotile.

During this phase, spermatozoa should be readily accessible to drug action in

view of the adequate blood supply to this organ and the secretion of fluid by the

epididymal cells. It is also possible that the vulnerability of spermatozoa to

chemical agents will vary according to their location along the epididymal path-

way. Thus the concept of spermatogenesis in rodents-in which the vast majority

of drug studies have been carried out-is of a continuous process, with little or

no hold-up of spermatozoa in the testis or epididymis.

Outside the tubular structure of the testis lies the interstitial tissue, a coit-

nective tissue framework supporting the tubules and conveying the vascular,

lymphatic and nerve supply; it contains also the cells of Leydig, producing

testosterone and responsible for the maintenance of fertility via the accessory

reproductive organs and secretions. Over-all control is exercised by the pituitary

hormones; follicle-stimulating hormone maintains the continued activity of the

seminiferous epithelium and luteinizing hormone the production of male hor-

mone.

Turnover of spermatozoa. The determination of sterile periods after drug treat-

ment may be useful in elucidating the duration of spermatogenic phases and in

locating the cell types whose function is impaired by the substances concerned.

For this purpose it is essential that the drug treatment should neither signifi-

cantly interfere with the normal timing of spermatogenic transformations nor

with the transport mechanisms in the seminiferous tubules or within the epididy-

mis. A series of experiments with certain drugs have demonstrated decisively that

in rats, at least, sperm turnover was largely independent of mating frequency,

and that induced sterile phases were independent of varying delays after treat-

ment before a series of matings was commenced (72).

III. CHEMICAL INTERFERENCE WITH SPERMATOGENESIS

There are clearly many opportunities for direct chemical interference with

spermatogenic cells or spermatozoa, or with the local organization which must

control this complicated, ordered series of transformations. The obvious means of

detecting antifertility activity in a compound is by comparing the fertility of
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treated and untreated males mated with normal females, preferably all of es-

tablished fertility. Until recently, histological evidence of drug effects on the

testis was the primary concern of investigators, with little mention of fertility

studies. Since antifertility effects may be produced without obvious histological

damage (75, 169), alterations in fertility should be the primary concern, with

testicular histology as an ancillary investigation. Because spermatogenesis oc-

cupies at least six weeks it is necessary to test fertility for seven weeks or more

from treatment. Separate matings of treated males with one female per week

have been found to be a satisfactory method and produced consistent fertility

patterns (12, 72). Instead of allowing impregnated females to go to term, addi-

tional information can be gained by examining the uterine contents at mid-term

for viable and nonviable embryos and implantation sites, and determination of

the number of corpora lutea in the ovaries (7). In this way a more comprehensive

picture of drug action can be formed. Either method of investigation of fertility

is tedious and requires considerable numbers of fertile animals. In the light of

present knowledge sporadic tests of fertility are unsatisfactory.

Antifertility effects may be produced by interfering with the secretion of

gonadotrophins or by directly antagonizing the action of testosterone. It is well

known that reversible inhibition of spermatogenesis can be produced by ad-

ministration of androgens and oestrogens. Testosterone propionate in low doses

suppresses spermatogenesis in laboratory animals because of a fall in gonado-

trophin production. High doses, although inhibiting this pituitary function, ap-

parently stimulate the seminiferous epithelium directly (90). Administration of

testosterone propionate to men (50 mg, 3 doses weekly) caused a progressive

diminution in sperm count to very low levels during the course of several months

(62, 63). Low counts persisted as long as treatment was maintained, after which

recovery rapidly followed. Oestradiol and oestrogenic substances produced a

severe suppression of testicular function in rats, which could be prevented by

simultaneous injection of androgen (153). The oestrogenic substance genistein

(4’, 5, 7-trihydroxyisoflavone) has been reported to produce subfertility and

sterility in male mice (48). The dose required was large (15 mg per animal daily

for 22 to 25 days), and some animals did not recover their fertility when treat-

ment was discontinued. A hormonal approach to the control of male fertility

seems likely to be unprofitable in the light of existing knowledge of endocrine

control and duration of spermatogenesis. Certainly rapidity of action is unlikely

to be achieved by such means, and administration of hormones and their syn-

thetic analogues may not only interfere with sexual activity but also produce a

more general disturbance of the endocrine system.

Nitrofuranes and related compounds. During the course of investigations into

the potentialities of nitrofurane derivatives as tumour inhibitors, it was observed

that continued high oral dosage of furadroxyl [5-nitro-2-furfuraldehyde-2-(2-

hydroxyethyl)semicarbazone] exerted a specific effect on the testicular germinal

epithelium of the rat (133). Other organs were unaffected, with the exception of

the adrenal gland, in which reversible changes of a nonspecific nature were noted.

In this interesting work the testicular changes were described as “necrosis fol-
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lowed by a maturation arrest that is reversible.” Experiments were carried out

to show that inanition was not involved in the production of the changes ob-

served, whilst pituitary extracts affected neither the degenerative process nor

the subsequent restoration of the epithelium. Similarities were pointed out be-

tween the nitrofurane-induced changes and those caused by experimental crypt-

orchidism, severe malnutrition, irradiation and the administration of some nitro-

gen mustards. These comparisons are, however, only broad generalizations. The

effects on male rat fertility of furadroxyl and two other nitrofurane derivatives,

Furacin (5-nitro-2-furaldehyde semicarbazone) and Furadantin [n-(5-nitro-2-

furfurylidene)-1-aminohydantoin], have since been investigated (112). All three

substances when given by mouth produced a halt in spermatogenesis at the

primary spermatocyte stage which was not countered by various supplementary

measures. The minimal effective doses per kg of diet were: furacin, 0.2 g; fura-

droxyl, 0.75 g; and furadantin, 1.5 g. The action was apparently direct on the

testis and developed only slowly, requiring several weeks to produce maximal

effects, but the damage was not permanent. Even after 100 days of treatment,

withdrawal of the drug was followed by complete recovery, assessed histologically

and by fertile matings. No evidence was obtained of damage to other organs

during treatment, and the body weight of animals was similar to that of controls.

It is interesting that chronic under-feeding in young, adult animals produced

spermatogenic arrest also at the primary spermatocyte stage (166); spermato-

gonia (and Sertoli cells) persisted except in very severe cases in which complete

degeneration of the seminiferous epithelium occurred. Refeeding produced a

rapid improvement in the testicular structure.

Nitrofuranes have been shown to interfere with carbohydrate metabolism and

their effect on the testis appears limited to the meiotic division (108, 123); the

metabolism of the testis becomes altered and the utilization of glucose and citric

acid synthesis strongly inhibited (124). Other workers have shown that the

seminiferous tubules, in similar circumstances, could not oxidize pyruvate in

vitro; restoration of this function coincided with the reappearance of spermatids

and spermatozoa in the tubules (50). Administration of furadroxyl to rats also

caused a significant increase in the gonadotrophin content of the pituitary as

well as “castration changes” in that organ; various gonadotrophin preparations

failed to prevent the spermatocytic arrest induced by the compound (110).

Furadantin is used in the treatment of urinary infections in man, but in the

doses given it exerted only a slight inhibitory action on spermatogenesis (109).

Daily ingestion l)y rats of Furacin (0.3 mg/kg), the most potent of these drugs,

produced no effect on male rat fertility during a period of 7 weeks (74). Nor did

a course of 5 injections of Furadantin [20 mg/kg intraperitoneally (i.p.)]. These

results are not contradictory to those quoted earlier but emphasize the relative

insusceptibility of the spermatogenic process to these substances and the pro-

longed time required for the effects on fertility to be manifest. On these grounds

any practical application of this type of compound appears unlikely.

5-Chloro-2-acetylthiophene also induced effects in the male germinal epi-

thelium very similar to those produced by nitrofurane derivatives. The compound
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was also active by mouth (0.5 g/kg diet) and relatively slow degenerative changes

followed, which were reversible. The depletion process again left spermatogonia

and Sertoli cells unaffected (169).

Another related nitro-compound, 2-amino-5-nitrothiazole (Enheptin), used in

the treatment of infectious enterohepatitis in the fowl, caused complete suppres-

sion of sexual function and of secondary sexual characters in the domestic fowl

(69, 130). This effect, however, appeared to be due to a decrease in gonadotrophin

output of the pituitary (131) and was alleviated by administration of pregnant

mare serum (PMS) gonadotrophin. The compound did not produce such effects

in rats; instead it had an antithyroid action similar to that of thiouracil (164).

This is another example of the unpredictability of drug action in different species.

Radiomimetic alkylating chemicals. Several chemical varieties of alkylating

agent are known which have biological effects more or less resembling those

produced by exposure to ionizing radiations. They include nitrogen mustards

(fl-haloalkylamines), derivatives of ethyleneimine, and sulphonoxyalkanes:

CH2-CH2-Cl CH2 0S02-CH,
/ /1 /

R-N R-Nt R

CH2-CH2-Cl CH2 0S02-CH3

Nitrogen mustards Ethyleneimines Sulphonoxyalkanes

In general the biological properties of these substances depend on the number of

alkylating groups and the carrier molecule to which they are attached. Their

varied biological properties include tumour inhibition and depression or destruc-

tion of normal proliferating tissues (bone marrow, lymphoid and germinal cells)

duly ascribed to damage to cells engaged in division. In addition they are muta-

genie and have carcinogenic properties. The biological activities of alkylating

agents nevertheless present puzzling features, and the relative susceptibility of

different normal and pathological proliferative tissues varies widely in the same

and different species. The effects are generally believed to be due to the chemical

reaction of these compounds with cell components essential to cell division-

nucleoprotein is the most favoured material at present. Antifertility effects due

to exposure to such substances are therefore not unexpected. After intraperitoneal

injection into mice of a number of aliphatic nitrogen mustards, destructive

changes in the testis were found similar to those resulting from metabolic defi-

ciency, irradiation and many other chemical agents (83). Recovery of spermato-

genie function was observed 3 to 4 weeks after nonfatal single or repeated doses.

The results of injecting an aliphatic nitrogen mustard into rats have also been

reported (56). Most males were sterile after injection of the maximum tolerated

dose [1 mg/kg intravenously (i.v.)] owing to inhibition of spermatogenesis and

testicular atrophy. In some animals regeneration occurred and potency returned

after 2 to 4 months. Aliphatic nitrogen mustards are highly reactive and toxic

chemicals with a very brief survival time after injection into the body. However,

two aromatic nitrogen mustards, p-(N ,N-di-2-chloroethyl)amino-L-phenylala-

nine (Melphalan, C.B. 3025) and p-(N ,N-di-2-chloroethyl)amino-phenylbutyric
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acid (Chiorambucil, C.B. 1348), did not interfere with the fertility of male rats

(72, 74). The doses used were adequate to produce transient leukopenia in the

peripheral white cell count (49), and inhibition of tumour growth (9). Ability to

inhibit tumour growth or suppress the activity of bone marrow does not therefore

imply a similar ability to damage the germinal epithelium.

Among ethyleneimine derivatives the trifunctional triazine compound 2,4,6-

triethyleneimonotriazine (triethylenemelamine, TEM, Tretamine) is well known.

Although chemically relatively unreactive compared with aliphatic nitrogen

mustards it is, nevertheless, highly active biologically. Its destructive action on

the testis of the dog and rat was reported during investigations of the tumour-

inhibiting properties of ethyleneimine derivatives (64). By means of a systematic

mating procedure it was later shown that small doses of TEM produced well

defined effects on male rat fertility (12), indicative of selective interference with

certain stages of spermatogenesis. After a single dose of TEM (0.2 mg/kg, i.p.) a

period of sterility occurred 4 weeks later (22 to 26 days from the dose), preceded

by subfertility and succeeded by the return of normal fertility in the fifth week.

This phase of infertility in rats is probably due to interference with spermato-

cytes (8, 73) and not to spermatogonial damage as was suggested earlier (12).
The selective nature of the effect was emphasized by the rapid recovery of normal

fertility a few days later. A short course of treatment (5 daily doses, 0.2 mg/kg,

i.p.) resulted in a spread of drug action such that the males were completely

sterile for several weeks; recovery of fertility occurred 5 to 6 weeks from treat-

ment. The TEM thus affected earlier and later stages of spermatogenesis in-

cluding mature sperm in the epididymis. Not only could TEM induce sterility

very rapidly but the drug action was cumulative, for very small daily doses

(0.05 mg/kg) soon produced and maintained the infertile state; full recovery

occurred some weeks after treatment was discontinued (75). Other interesting

features of these experiments were the absence of noticeable oligospermia and

the retention by the sperm of motility and the ability to reach and penetrate ova;

the “fertilized” ova did not develop to any significant degree. There was no

evidence of interference with sexual behavior and the drug appeared to act

directly on the germinal cells.

The absence of histological damage after continued low dosage with TEM has

been confirmed (172). At the higher dose level (5 daily doses, 0.2 mg/kg) these

investigators reported that “a radiomimetic type of damage to the germinal

epithelium occurred characterized by apparent destruction of spermatogonia, the

remaining cells continuing to develop into mature spermatozoa” (172). In rats

a second brief phase of sterility occurs about 9 weeks after TEM (5 X 0.2 mg/kg)

which is probably due to the destruction of spermatogonia (33a). The loss of

these cells from the germinal epithelium is not necessarily associated with a

prolonged infertile period. After radiation (300 r whole-body) it has recently

been shown that a short period of infertility also occurs 9 to 10 weeks later (33a).

Larger doses cause prolonged sterility. Male mice show a similar sensitivity to

TEM. The maximum effect, 11 to 14 days after injection (2 doses, 0.4 mg/kg),

was due to the induction of dominant lethals in spermatids (24, 25). After rapid



142 H. JACKSON

recovery of normal fertility, sterility again occurred in the fifth week associated

with aspermia, attributed to spermatogonial destruction. These results in rat

and mouse clearly indicate marked differences in the sensitivity of spermatogenic

cells to this drug and in the timing of spermatogenic events in these animals.

The male rabbit is also very sensitive to TEM. Sterility developed a few days

following the commencement of a course of treatment (0.05 mg/kg, i.v. daily for

29 days) and persisted thereafter. Sperm were present at copulation in apparently

normal numbers for about 50 days, after which mating became abruptly aspermic

(74), although specimens of seminal fluid were of normal volume. Even a short

course of treatment at a lower dose level (0.01 mg/kg, i.v.) produced definite

periods of infertility.

TEM is an alkylating substance possessing three reactive groupings, and a

number of other ethyleneimino-compounds with 1 to 3 reactive groups have been

examined for antifertility effects (72, 73, 76). These included triethylene-

thiophosphoramide (thioTEPA) and the di-functional compounds 1, 3-bis-

(ethyleneiminosulphonyl) propane, 4-chloro-2 , 6-bis(ethyleneimino)pyrimidine,

diethyleneurea and diethyleneiminosulphoxide. Three monofunctional ethylene-

imino-compounds have also been tested, viz., monoethyleneurea, carbethoxy-

ethyleneimine and p-toluenesulphonylethyleneimine. With the exception of

p-toluenesulphonylethyleneimine (which was inactive) all produced antifertility

effects qualitatively similar to those induced by TEM (73, 77). The tn-functional

compounds and the pyrimidine derivative were by far the most active and

capable of producing selective effects. Increasing the dose of the monofunctional

compounds above that causing minimal effects produced permanent destruction

of the seminiferous epithelium. Not only were the polyfunctional compounds

much more potent than the monofunctional ones but effective quantities of the

latter were closer to the lethal dose. With one exception (diethyleneiminosuiph-

oxide) the tn- and di-functional ethyleneimines effectively inhibited the growth

of the Walker tumour, while the monofunctional agents were inactive in this

respect. Even sterilizing doses of monoethyleneurea produced only a transient

fall in the white cell count. Selective pharmacological action on different systems

of proliferating cells seems to be a distinct possibility.

The action of ethyleneimino-compounds on the seminiferous epithelium is

undoubtedly complicated and may not be entirely due to direct action on the

cells. The relative insusceptibility of spermatogonia to these substances contrasts

with the fact that they are the germinal cells most susceptible to radiation (115,

154). In relation to the antifertility effect of certain derivatives of ethyleneimines

it is interesting to recall that, not only is the effective dose small, but the com-

pounds disappear rapidly from the circulation. Although the mouse possesses the

ability to metabolize completely the ethyleneimino groups of injected compounds

(33, 105), in the rat and man considerable proportions of ethyleneimino-com-

pounds appear in the urine (31, 33, 94), including unmodified drug. This is con-

sistent with their relative chemical stability.

Sulphonoxyalkanes form another group of alkylating agents of which 1, 4-di-

methanesulphonoxy butane (Myleran, busulphan) is well known in cancer
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chemotherapy. It is a di-functional alkylating chemical able to inhibit tumour

growth (9, 173a) and to cause a selective and profound depression of granulocytes

in the peripheral blood. Its effects on the germinal epithelium are remarkable and

different from those of TEM. According to a first report, 2 doses to male rats

(1 1 mg/kg, i.p.), separated by an interval of 14 days, caused progressive and

complete destruction of the germinal epithelium examined over a period of 150

days (13). After only one such dose, the testis histology was said to remain un-

altered during the 30 days following the dose. However, it has since been shown

that fertility remained normal until the eighth week after one similar dose of this

drug, when sterility rapidly developed with associated oligo- or aspermia (32, 72).

These results clearly indicated a blocking or destructive action of the drug on an

early stage of spermatogenesis. This treatment interfered with spermatogenesis

and fertility in a specific manner, for the development of new spermatogonia

was prevented, while the germinal cells present at the time of treatment appeared

to develop normally into mature sperm over a period of about 45 days. Thus

the seminiferous epithelium became systematically depleted of spermatogonia,

spermatocytes, spermatids and finally spermatozoa in this sequence (72). This

accounted for the continuation of normal fertility after treatment, until the

supply of spermatozoa was exhausted. The ensuing period of sterility persisted

until repopulation of the testis tubules occurred (apparent at 45 days by the

presence of numerous spermatogonia) and the sperm formed had traversed the

epididymis. It is curious, however, that increased doses of Myleran did not result

in a spread of action to adjacent spermatogenic cells which are also actively pro-

liferating. There was no impairment of fertility with large and lethal doses of the

drug (77). 1 ,4-Dimethylmyleran produced similar effects at a lower dose level

(74). Mice are much less susceptible than rats to Myleran (173a); doses causing

tumour inhibition (e.g., 7 daily doses, 5 to 10 mg/kg, i.p.) caused an abrupt loss

of fertility in the 5th week from the first dose (74a). The changes produced by

these methane sulphonic esters can closely imitate the effect of radiation (33a,

171) and contrast with those due to ethyleneimines.

Spermatogenic cells thus vary in their susceptibility to different chemical

types of alkylating agent according to the stage of their development. Species

variations may well he connected with ability to metabolize or rapidly excrete

the compounds administered. Modes of action are indicated for different groups

of alkylating agent which are difficult to reconcile with the idea of a common

nucleotoxic action based on the chemical reactivity of such drugs. In the semi-

niferous epithelium, cells of all kinds, dividing and differentiating, are present in

a similar environment, so that the different antifertility effects produced by

chemical types of alkylating agents suggest actions of a different character.

Further investigations with these substances will contribute to knowledge of

spermatogenesis hut their exploitation as antifertility agents would be hazardous

in view of the known carcinogenicity and mutagenicity of some of these sub-

stances, while the vulnerability of the bone marrow, especially in man, is a more

immediate danger.

Coichicine. This substance is a tropolone alkaloid and a spindle poison, arresting
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cell division at metaphase ; high concentrations cause pycnosis and cell degenera-

tion. Its ability to inhibit the sexual stages in ferns (99) led to a study of its

effects on spermatogenesis in rabbits (5). According to this work, 1.5 to 3 mg of

the alkaloid subcutaneously twice weekly to adult male rabbits produced no

toxic signs. Histologically there were no pathological lesions except in the testes,

which were one-third the weight of those from control animals. Although various

degrees of degenerative change were found, in most instances it was difficult to

recognize the material as testicular tissue, although interstitial tissue and Leydig

cells remained intact. No fertility studies were carried out, nor, apparently, were

the gonads given the opportunity to carry out reparative processes. A number

of colchicine derivatives have been prepared which are markedly less toxic than

the parent compound while retaining antimitotic activity against mouse sper-

matogonia, e.g., trimethylcoichicinic acid methyl ether (10, 52). Investigations

on a mouse sarcoma (86) have shown that rather radical changes can be made

in the colchicine structure without abolishing tumour-inhibitory activity. On

the other hand relatively minor changes in molecular structure were found to

alter markedly the abortifacient properties of two coichicine derivatives (200);

these will be discussed later. There are no reports of the effects of colchicine and

related compounds on male fertility in experimental animals.

Antimetabolites. There appears to be little published information concerning

the effects on male fertility of compounds of the direct antimetabolite type, al-

though, as will be seen later, this line of approach has been pursued with vigour

in the female during attempts to discover abortifacient drugs. Testicular damage

has been described after omission from the diet of essential amino acids including

phenylalanine, threonine, histidine, leucine and tryptophane. Recently, ethionine

(a-amino-’-y-ethylmercaptobutyric acid), an analogue of methionine, has been

shown to cause testicular damage in the rat (78). A synthetic, high protein diet
was used to which 0.5 % of ethionine was added; control experiments showed

that the histological changes were not due to the diet used. It is interesting that

the order of disappearance of the cellular components of the seminiferous tubules

after treatment was spermatozoa and spermatids first, then spermatocytes and

spermatogonia. This is the reverse of that following damage due to X-rays and

Myleran. Atrophy of cells lining the seminal vesicles and prostate also occurred

after ethionine administration, although no histological changes were detected

in the cells of Leydig (which produce testosterone). No reference was made to

the epididymis, nor were any fertility studies reported. It is not possible to say

how far direct action of the drug on the seminiferous epithelium or the accessory

glands was involved, although labelled material was localized in the testis when

ethionine�S3b was fed (51). Pancreatic lesions also developed, but there was ap-

parently no correlation between damage to this gland and the amount of testicu-

lar degeneration. The authors suggested, of course, that their results indicated

that methionine has an essential role in spermatogenesis. Further studies of this

type should be worthwhile, particularly in conjunction with fertility tests. It is

difficult to prophesy how far selectivity of action on germinal tissues could be

achieved by compounds whose activity is truly competitive with natural sub-
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stances. The toxicity of antifolic compounds to spermatozoa has received some

attention (174). A degree of correlation between spermicidal activity and anti-

folic activity suggested that the action on sperm may be due to displacement of

folic acid from the cells.

Antihyaluronidases and spermicidal agents. The enzyme hyaluronidase is a

component of seminal fluid. Its function is believed by some to be facilitation of

penetration of the ovum by the spermatozoon. For this, it is possible that the

male gamete possesses its own supply of the enzyme. In some mammalian species

the recently ovulated ovum is surrounded by layers of cells, the zona folliculi, and

it was thought that seminal hyaluronidase may encourage the dispersal of these

cells and allow easier access of spermatozoa. However, it has been shown that

this condition is not a prerequisite to fertilization (26). Since relatively few sperm

reach the vicinity of the ovum (which also implies that only a minute amount

of seminal fluid could reach this location) the over-all role of hyaluronidase re-

mains in doubt. Nevertheless interesting data have emerged from studies of this

enzyme and attempts to interfere with fertility by means of hyaluronidase in-

hibitors.

Estimation of the hyaluronidase content of the rat testis has been used as a

criterion of the functional integrity of the germinal epithelium and provides a

method of investigating drug action on the male germinal epithelium. After

oestradiol or diethyistilboestrol, for example, the enzyme level showed an initial

decrease about the 15th day and approached zero some 30 days after treatment

(170). Testosterone propionate did not alter the enzyme levels in normal animals,

but maintained it in hypophysectomized and hypophysectomized, oestrogen-

treated animals. Sertoli cells and spermatogonia were not apparently concerned

with the elaboration of testicular hyaluronidase; it had earlier been suggested

that spermatocytes were the responsible cells (134). By means of the drug fura-

droxyl, the production of hyaluronidase has recently beeii correlated with the

spermatid phase of spermatogenesis (171). Thus 10 days after treatment with

this drug (which causes arrest of spermatogenesis at the primary spermatocyte

stage) a significant drop in enzyme concentration occurred and there was an

associated fall in spermatid number. By 15 days the enzyme concentration was

negligible, with spermatids and sperm absent in most tubules. The numbers of

primary spermatocytes remained relatively large even at 30 days, when there

was complete lack of enzyme. It may eventually be possible to investigate the

effects of antifertility drugs on other testicular biochemical systems and to

correlate these with particular types of spermatogenic cell.

Much interest was aroused some years ago by the claim that hesperidin-a

fiavonoid substance and a powerful inhibitor of hyaluronidase-was an active

antifertility substance when injected into rats and mice (97), and was effective

by mouth in man (165). These claims have apparently not been substantiated

(28, 190). Some of the most powerful antihyaluronidases are not lethal to sperm

and exert little or no effect on sperm motility in vitro. Many organic compounds

have been tested for inhibitory action against this enzyme (59, 60), and one of

the most potent was rehibin, a polymerization product of gentisic acid with
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formaldehyde. It was nevertheless devoid of antifertility activity (118). Appar-

ently inhibition of seminal hyaluronidase does not render sperm infertile. From

an investigation of the antifertility activity of antihyaluronidases chemically

related to rehibin (137), one polymer, 53 D/K, derived from hydroquinone sul-

phonic acid and added to rabbit semen before artificial insemination, inhibited

both hyaluronidase and fertilization. Sperm motility was however unaffected in

vitro by concentrations 10 times greater, indicating the possibility of developing

spermicidal compounds which permit the retention of sperm motility. It seems

unlikely that after oral administration, antihyaluronidases could reach secretions

of the male genital pathway in concentrations adequate to interfere with the

natural function of spermatozoa. This applies particularly to complex molecules

which are primarily hyaluronidase inhibitors.

The dose of X-radiation needed to interfere with sperm motility is far in excess

of that required to produce infertility. Sterilization of sperm by irradiation evi-

dently does not involve damage to biochemical processes connected with motility;

damage to nuclear material of the head is much more likely (1, 95). Sperm from

TE1�’I-treated (sterile) male rats also retained motility and were able to reach

and penetrate ova but subsequent development did not occur (12). Certain other

ethyleneimino-compounds also render sperm in the epididymis infertile, being

the only substances yet known to affect mature sperm in this situation. They, too,

are believed to react preferentially with nuclear components of the cell. The

persistence of sperm motility after in vivo or in vitro exposure to a drug does not

eliminate a sterilizing action.

A great deal of work has been carried out over many years in the search for

in vitro spermicidal substances, with a view to their application as direct contra-

ceptive agents. The general method is to determine the ability of a substance to

immobilize spermatozoa-a rational approach since immobile sperm are infertile.

The laboratory assessment of spermicidal activity, however, is a very different

matter from the measurement of antifertility activity. Results based on in vitro

tests are by no means indicative of potential activity in vivo, for local conditions

in the female reproductive pathway are far removed from those used in labora-

tory tests. Although sperm can be rendered infertile without interference with

motility, the recognition of such an effect requires artificial insemination of sperm

after exposure to drugs in vitro.

For discussions on the chemical nature of spermicidal agents other articles

should be consulted (54, 65, 100). Of more interest is the attempt to unravel

details of the mode of action of these substances and to classify them accordingly

(95, 95a). The sperm head apparently contains all the deoxyribonucleic acid and

is relatively inert metabolically; the tail is the active part of the cell. It is now

established that various mechanisms exist whereby chemical agents produce

lethal effects on spermatozoa, on the basis of which a general classification of

spermicidal compounds is possible, e.g., electrolytes, enzyme inhibitors, SH-

binding substances and surface-active agents (95). The importance of SH- groups

in sperm metabolism and motility is well established. Inhibitors of this type fall

into 3 groups according to the mechanism of inactivation, e.g., oxidizing, mer-
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captide-forming and alkylating substances. Oxidizing substances function by

converting SH- groups into S-S linkages. Hydrogen peroxide, o-iodosohenzoate

and quinones are examples of oxidizing spermicides, whereas heavy metals,

arsenite, selenite and phenyl mercuric acetate are spermicidal due to mercaptide

formation. lodo-acetate is an alkylating spermicide which acts by blocking SH-

groups in intermediary enzymes. Further details, and references to the activities

of detergents and soaps, i.e., surface-active compounds, are given elsewhere

(95a). There are other groups of compounds which might interfere with essential

biochemical mechanisms in spermatozoa. The spermicidal activity of radiomi-

metic compounds would be an interesting study. Investigations of this type

may provide valuable contributions to knowledge of the biochemistry of sper-

matozoa and seminal fluid.

IV. OVOGENESIS

The development of the ovum, its fertilization, implantation into the uterus

and subsequent gestation, provide natural subdivisions convenient for a discus-

sion of antifertility substances. So far as possible these sections are adhered to

in the account which follows, with a brief preliminary description of the anti-

tomical and physiological aspects of the phase under consideration.

The formation of the mature ovum ready for penetration by a spermatozoon

corresponds to the process of spermatogenesis. Whereas the production of

morphologically mature sperm is carried out completely within the testis, the

development of the ovum within the ovary is regarded as the counterpart of

spermatogenesis only so far as the primary spermatocyte stage. After ovulation,

while the ovum and its attendant cells are free in the oviduct, the critical meiosis

occurs, i.e., reduction division followed by a single mitosis. Each time, one of

the products of division (the “polar bodies”) degenerates leaving the mature

ovum (now the homologue of the spermatid) ready for fertilization. Within the

ovary of the adult mammal the number of potential ova (primordial follicles) is

of the order of several hundreds of thousands; in fact, during the reproductive

life of the female only a few hundred or a few thousand, depending upon the

species, reach maturity. The remainder of the primordial follicles gradually

disappear. This “atresia” is said to begin in intrauterine life and continue there-

after. Why so few follicles reach maturity and rupture, while so many degenerate

at various stages of their development, is unknown. Why certain ova only are

selected for development during each female cycle is equally obscure. It is difficult

to imagine a pituitary hormonal control which can act in a sufficiently discrimi-

native fashion unless the ovarian germ cells are in reality progressing in a pre-

determined order of development. The discovery of chemical agents which act

selectively on the ovarian stages would make a valuable contribution to this

obscure phase of reproductive physiology. The primitive follicle, when stimulated

to develop, undergoes a complicated period of growth in which the ovum does not

apparently divide. It lies surrounded by follicular cells, which increase in number

by mitosis as the follicle grows and becomes cyst-like owing to the secretion of

fluid (Graafian follicle). Ultimately the follicle approaches the surface of the



148 H. JACKSON

ovary and rupture occurs (ovulation) ; this may happen spontaneously or may

require the stimulus of coitus, according to the species. The follicular cells are

said to fulfil a secretory and nutritional function to the developing ovum.

V. CHEMICAL INTERFERENCE WITH THE OVARIAN STAGE

Suppression of the gonadotrophic activity of the pituitary, a) Steroid hormones.

Follicular development is due to the secretion of FSH and in animals its adminis-

tration can produce “super-ovulation.” Inhibition of ovulation occurs during

pregnancy-a natural period of sterility resulting from combined influence of

corpus luteum and embryo on pituitary gonadotrophin output. In rodents,

mating with vasectomized males or artificial stimulation of the uterine cervix

results in pseudopregnancy, when ovulation is inhibited for approximately two-

thirds of the normal duration of pregnancy-the combined effect of neural and

hormonal influences on gonadotrophin secretion. Ovulation may be suppressed

for a considerable proportion of reproductive life, according to the number of

pregnancies, without maternal harm. The development of antifertility compounds

along these lines may be a highly successful and harmless procedure provided

the mechanism approaches the normal one. Antifertility effects due to prevention

of ovulation can he obtained by chemical antagonism to the secretion of gonado-

trophin. This may be accomplished by means of oestrogens, androgens and pro-

gestational steroids. It is well known that androgens and oestrogens inhibit

maturation of ovarian follicles in lower animals and in women. The periodic use

of stilboestrol for the control of fertility in women has been suggested (65) viz.:

1 mg daily by mouth commencing the first day of menstruation to inhibit ovu-

lation, followed by progesterone to induce menstruation. The effect of continuous

administration to adult rats and mice of stilboestrol (in the drinking water) at

several different concentrations has recently been reported (4). Prevention of

ovulation required dose levels well above those producing the usual oestrogenic

effects. Large doses of testosterone propionate suppressed ovulation in women

(55, 88, 116). These effects are presumably mediated by inhibition of gonado-

trophin secretion.

Experimental evidence supports the view that progesterone can hinder the

release of luteinizing hormone from the pituitary; it also suppresses ovulation in

rats and mice (2, 121), guinea pigs (38), rabbits (92), ewes (44), guts and heifers

(194). In the rat, the inhibitory effects of oestrogen and progesterone on gonado-

trophin secretion may be additive and the amounts required are said to be within

physiological limits (23). Oral progesterone reproduced the characteristic effects

of the corpus luteum hormone (192), and its ability to inhibit ovulation (i.e., to

produce antifertility effects) has been examined in rabbits, rats and human sub-

jects (126). One dose to rabbits [1 to 2 mg per animal, subcutaneously (s.c.) or

intravaginally] was effective if administered at least 5 hr before copulation. The

minimal effective dose by mouth was 2 to 5 mg. The duration of inhibition de-

pended upon the dose, e.g., more than 24 days after 30 mg, while a subcutaneous

pellet could prevent ovulation for many months. Intravenous injection of gonado-

trophin into such rabbits produced ovulation in 10 hr, as in normal rabbits,
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suggesting that the effect was due to prevention of gonadotrophin secretion. In

rats, which ovulate spontaneously every 5 days, the effect of progesterone was

measured by the prolongation of time between pairing and successful mating.

For controls this was about 4.7 days, but increased to between 2 and 4 weeks

after single injections (5 to 50 mg, s.c.). The hormone was less effective by mouth

with little indication of a dose-response relationship (5 to 50 mg increased the

time for successful matings to about 10 days only). Human studies necessitated

knowledge of the duration of the menstrual cycle and the determination of the

time of ovulation. Using combined diagnostic criteria for the latter, a significant

decline in the frequency of ovulation occurred when oral progesterone (300 mg)

was administered from days 5 to 25 of the menstrual cycle (126).

b) Other steroids and miscellaneous substances. The safety of progesterone, even

in large doses, and its freedom from side effects have been established by pro-

longed clinical use; the same might apply to other antigonadotrophic compounds.

In rabbits, 19-nor-progesterone (Figure 1) was shown to be a more active pro-

gestational substance than progesterone (191) and to be more effective in de-

pressing the luteinizing capacity of the guinea pig pituitary (96). Two other

progesterone derivatives, 11 -keto-progesterone and 11 fl-hydroxyprogesterone,

possessed greater antiluteinizing action than would be anticipated from their

small progestational activity (96). These observations suggested the possibility

of developing compounds able to depress selectively the gonadotrophic activity

of the pituitary and so interfere with fertility. A considerable number of steroids

have been screened, in the rabbit, by the ability of a single subcutaneous injection

of the compound under test (10 mg per animal) to inhibit ovulation (126). Two

of 45 compounds tested were considerably more potent than progesterone viz.,

17a-ethinyl-19-nor-testosterone (I) and 17a-ethinyl-5(10)-oestraen-17f3-ol-3-one

(II). They were active by mouth and also effective in the rat. Two other nor-

steroids, l7ce-ethyl-19-nor-testosterone (III) and 17a-methyl-19-nor-testosterone

(IV), were also selected for further examination (127, 128). In addition to anti-

fertility activity other progestational effects were assessed, including utero-

trophic power and deciduomagenic capacity, while possible results on the develop-

ment of the ovulated ova were studied. By mouth, compound II (norethynodrel)

was a potent progestational substance although its activity was apparently

much reduced by injection, for reasons unknown (42); in addition it possessed

oestrogenic activity. It did not interfere with the ovarian response to injected

gonadotrophin.

This substance (II) inhibited fertility for 70 days in female rats in doses of 2

mg on alternate days, although matings occurred and the females showed fairly

regular vaginal cycles. When treatment was discontinued a sterile period aver-

aging 26 days followed. Inhibition of ovulation appeared to be the antifertility

mechanism in some animals, whereas in others ovulation had occurred but the

ova had not been fertilized. Mainly fertilized ova were recovered from female

rabbits pretreated with compound II (3 days) and then mated with fertile bucks;

other treated and mated females produced no offspring (126). Another potent

progestational substance, 17a-(2-methallyl)-19-nortestosterone inhibited ovu-



lation in rabbits as did progesterone (49a), but both substances reduced the

number of females accepting males.

Compounds I-Ill were also studied in a number of sterile human subjects with

normal menstrual rhythm (135, 136). The results indicated that all 3 substances

inhibited corpus luteum development and presumably ovulation, in doses ranging

from 5 to 50 mg, from the 5th to 25th days of 3 successive cycles. No troublesome
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effects on the incidence or duration of menstruation were reported but the pos-

sibility of damage to primordial follicles was admitted from examination of the

ovaries of 7 patients. In 221 mothers norethynodrel gave complete protection

against further pregnancy when taken by mouth daily for 20 days each month.

During this treatment the available drug contained a small amount of a con-

taminant oestrogen-ethinyloestradiol-3-methyl ether. Side actions were en-

countered-dizziness, nausea and headache-too many apparently for it to be

generally acceptable (133a). The pure substance, however, inhibited ovulation

just as effectively (129a). Addition of oestrogen diminished the incidence of

intermenstrual bleeding during treatment but increased other side effects. Phar-

macological and clinical studies with nor-steroids have demonstrated their

therapeutic usefulness in replacement therapy for progesterone and as ovulation

inhibitors. The latter is not only a potential antifertility property but valuable

in the relief of dysmenorrhoea (49b). The freedom from undesirable side effects

enjoyed by progesterone is not, so far, a property of other synthetic progesta-

tional compounds. The fact that orally active antifertility substances of this

type would necessarily be used frequently for prolonged periods, emphasizes the

need for extended studies in different animal species in order to provide reas-

surance that the risks involved are minimal. Nevertheless, the development of

compounds capable of selectively inhibiting ovulation in women without unduly

disturbing the normal menstrual rhythm is a notable achievement.

Certain other substances and materials have been claimed to produce anti-

fertility effects by interference with ovulation. Thus aa-dimethyl-�-(2-naphthy1)-

valerie acid and aa-dimethyl-�[2(5 ,6,7, 8-tetrahydro)naphthyl]valeric acid were

reported to show definite antifertility activity in the rat (126); both compounds

are weak oestrogens, which might explain their effects on fertility. The depressant

action of p-hydroxypropiophenone on pituitary secretion of gonadotrophin has

been carefully re-examined (66) with the conclusion that its activity is no greater

than expected from its slight oestrogenic properties. Cirantin, a pyrone isolated

from the peel of Citrus aurantium, for which antifertility activity was claimed,

did not inhibit ovulation, prevent fertilization or interfere with implantation in

rabbits (126).

Antigonadotrophic materials. Certain plants contain materials able to modify

the action of pituitary gonadotrophins. An alcoholic extract of the American

desert plant Lithospermum ruderale, when mixed with the diet of breeding female

mice, induced irregularities in, or suppressed the oestrous cycle and caused re-

duced fertility (34). Extensive attempts have since been made to determine the

mode of action and isolate the active constituent but the problems involved seem

complex and the present state of the matter is unsatisfactory. Lithospermum

extracts contain tannins and one view (167) is that the effects in mice and rats

are largely if not entirely due to the nonspecific toxicity of these substances. An

attempt to concentrate the active material from the plant proved unsuccessful

(81). Results in mice depending on feeding Lithospermum have been open to

question because of possible interference with nutrition due to the high per-

centage required. However, most investigations support the view that some orally
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active material is present in Lithospermum which causes a reduction of repro-

ductive capacity. In the rat aqueous extracts were shown to be much more active

when injected than when given by the oral route (1 14). Such treatment inhibited

the secretion of oestrogens and androgens with resultant atrophy of the secondary

sex organs, but the direct effect of the gonadal hormones was not affected. The

action of various gonadotrophic hormone preparations, injected separately from

the Lithosperm extract, was inhibited in both normal and hypophysectomized

rats. Lithospermum extracts could also inactivate certain pituitary fractions

in vitro, viz.; gonadotrophin, prolactin (luteotrophin) and thyrotrophic hormone;

the effect of PMS gonadotrophin was prevented although chorionic gonadotro-

phin was relatively unaffected. Other pituitary hormones and hormones from

other sources (except adrenaline) were affected slightly or not at all. There were

indications that in vitro and in vivo activities were due to different materials (57).

Extracts from other species of Lithospermum have been obtained which in-

activated PMS gonadotrophin when incubated with it in vitro, and some activity

was demonstrated in Borago officinalis and Rubus idaeus (57, 58). An aqueous

extract of Lithospermum officinale has also been used to induce a reversible inhi-

bition of oestrus in mice (201). The activity of this material has been further

examined and the inactivation of gonadotrophins found to occur after they have

left the pituitary (80). The administration of extracts to patients with hyper-

secretory activity of the gland is mentioned and recommended. These authors

report that in spite of intensive efforts, the active material was not isolated nor

was any information obtained about its nature.

Because of the suggestion that Lithospermum activity might be due to tannins,

and the claim that the antifertility agent present in Pisum sativum was m-

xylohydroquinone (2 ,6-dimethythydroquinone) (147), this compound and a

number of related substances were tested for Lithospermum-like activity (113).

As little as 10 �g of m-xylohydroquinone slowly inactivated 100 units of PMS

gonadotrophin in vitro, while 10 mg daily subcutaneously to adult rats abolished

the oestrous cycle-not without considerable loss of weight. None of the other

compounds examined was as active as m-xylohydroquinone, and a number of

aromatic carboxylic acids and polyhydric phenols were ineffective. Other workers

found that a variety of quinones and polyhydroxyaromatic compounds inacti-

vated gonadotrophins in vitro (138). Only 2 ,6-dimethylhydroquinone and hy-

droquinone affected reproductive processes as indicated by changes in the rat

oestrous cycle, and neither was active orally; continued treatment led to a re-

fractory state, with resumption of the oestrous cycle. According to a recent

report (134a) trimethylquinone and 2-hydroxy-3-(3-methyl-2-butenyl)naphtho-

quinone (Lapachol) depressed the ability of the immature rat ovary to respond

to PMS gonadotrophin; they did not inhibit the action of chorionic gonadotro-

phin or ‘crude extracts of the rat pituitary gland.

The effects of feeding several other plants upon the fertility of laboratory

animals have recently been reported (45, 46, 47). Polygonum hydropi per, admin-

istered as dry powdered whole plant, temporarily impaired the fertility of male

and female mice and produced sterility in female guinea pigs. No evidence of
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oestrogenic or androgenic activity was obtained, and it seemed likely that this

material interfered with the gonadotrophic function of the pituitary. The seeds

of the legume, Psoralea corylifolia, were oestrogenic when included in the diet of

adult female mice. Both spayed and intact females exhibited intense vaginal

cornification during treatment and the effect was reversible. The fertility of

male mice was not impaired by treatment for a prolonged period (46). Studies

concerned with the activity of the pea plant, Pisum sativum, are discussed later.

A list has been compiled of more than 100 plants reported in the folklore of the

world to affect human reproduction (37), but it seems that interest in the field

of plant antigonadotrophins and the like has declined during the past few

years. Until really active materials are separated in characterizable form, it

seems that little progress will be made in this particular sphere.

Drugs directly affecting the ovary. Compared with spermatogenic cells, develop-

ing ova within the ovary are much more readily destroyed by irradiation than

with the production of sterility (141). Furthermore, unlike the testis, the ovary

has little or no recuperative powers. It is interesting that after small sterilizing

doses of radiation, sterility does not develop immediately but only after an in-

terval of time during which animals remain fertile-suggesting a differential

sensitivity of the maturing follicles. The reason for the susceptibility of ovocytes

to radiation is unknown. Gross damage to the ovaries can easily be recognized

histologically, but minimal structural changes may nevertheless be associated

with changes in fertility; these are not so readily explored systematically in the

female. Thus technical difficulties contribute to the lack of information on drug

damage to the female gonad. In contrast to its radiosensitivity very few drugs

appear to affect the ovary directly. Myleran, as mentioned earlier, produced a

specific interference with, or destruction of, spermatogonia in the male rat. Fe-

male rats given comparable treatment with this drug (2 doses of 2 mg/180 g

animal, separated by an interval of 2 weeks) showed no histological damage to

the ovaries 2 to 4 weeks later. Three similar doses within 4 weeks caused a dis-

appearance of ovocytes; at 60 days a few follicles and corpora lutea remained

but after 80 days none was present (13). A single dose of Myleran (2 mg/ani-

mal) to pregnant rats 5 to 7 days before parturition caused complete sterility

in both male and female offspring delivered at term (14). Evidently early ger-

minal cells in both male and female are susceptible to damage by this compound;

how far the specific damage produced in the male has its counterpart in the

female remains for future investigation. It is not proven that the action is,

in fact, a direct one on the germinal cells. Additional work with drugs affecting

male germinal cells may further knowledge of the homologies between the vari-

ous male and female reproductive cells.

Female rats treated with relatively large doses of 6-mercaptopurine (3 doses

of 30 mg/kg) prior to mating, produced litters with a significant increase in the

number of stunted and resorbed foetuses (178). This might be due to incorpora-

tion of the drug in the developing ovum, but the effect was small. In general, of

a number of antimetabolites studied, there was little evidence of direct damage

to the ovary. Administration of triethylenemelamine (TEM) to female rats in
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doses producing marked antifertility effects in males did not impair their sub-

sequent fertility (75).

VI. CHEMICAL INTERFERENCE WITH GESTATION

Before implantation. Assuming that pregnancy supervenes, the events following

ovulation are briefly as follows. In the ovary, the site of each ruptured follicle

becomes rapidly occupied by cells which form the corpus luteum (producing

progesterone). The shed ovum or ova pass into the oviducts and undergo the

final maturation division, the last occurring shortly after fertilization, in the

upper reaches of the genital pathway. In mammalian fertilization, spermatozoa

await the arrival of ova in the oviducts. During this time the sperm are also

believed to undergo an enhancement of fertilizing power (“capacitation”) in-

volving unknown biochemical mechanisms (27). Fertilization marks the onset

of gestation. No substances are known directly to interfere with the fertility of

the ovulated ovum or with the fertilization process in vivo-the question of

hyaluronidase inhibitors has already been considered. Important factors here

are the timing of drug administration in relation to ovulation and the problem of

obtaining adequate concentration of drugs in the tubal fluid forming the en-

vironment of the shed ovum. The effects of gonadal hormones on the ovulated

ovum and the early fertilized ovum referred to below are probably due to altera-

tions in the delicately balanced hormone conditioning of the tubes and uterine

mucosa, rather than to a direct effect on the ovum. In any case differentiation

between these actions is technically very difficult.

After fertilization, the ovum moves along the genital pathway developing as

it proceeds by successive divisions into a minute hollow sphere of cells-the

blastocyst. It is believed that the rate of passage along the tubes is critical, as

is the composition of the tubal and uterine fluid for the nourishment of the

embryo. Proportionately, this initial stage of gestation lasts for a considerable

time in some species. Thus in the rat, implantation does not occur until the

seventh day-which represents one-third of the entire period of pregnancy. Al-

though direct chemical attack in these early days is difficult to achieve, it had

been known for many years that sex hormones are able to produce interesting

effects on this phase. According to experimental conditions it is possible to hasten

or hinder the transport of ova to the uterus after ovulation. Thus injections of

oestradiol caused acceleration of the rate of passage of fertilized ova through the

oviducts of mice (20) and rabbits (199) with resultant infertility; the ova degen-

erated in the uterus, apparently from lack of the correct sustaining fluid. How-

ever, daily injection into pregnant mice and rabbits of small doses of oestrogen,

commencing from the day of impregnation, caused retention of most ova in the

oviducts, possibly due to closure of the tubo-uterine junction-the so-called

“tube-lock.” Development proceeded normally for a time but the ova then de-

generated and pregnancy failed (19, 21, 129, 198). Those gaining entry to the

uterus also showed signs of degeneration by the fourth day (19). Testosterone

propionate in mice produced the same result (18). Small oral doses of ethinyl-

oestradiol or diethyl-stilboestrol prevented implantation of the blastocyst in the
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rabbit if given sOon after ovulation, or terminated early pregnancy (122). The

administration to female rats of oestriol-one of the less active metabolites of

oestradiol-17�3-for 6 days from the day of mating reduced the live births to

33 % of the controls. Used before mating the litter size was reduced to 60 % of

the controls (196). Evidence suggested that oestriol interfered with conditioning

of the endometrium. Injections of oestrone in rabbits on days 3 and 4 after

copulation could completely prevent implantation (129).

The importance of the correct environment during the early days of gestation

is indicated by recent experiments involving the transfer of fertilized mouse

eggs to other females in a post-coital state (98). Ova transferred 33’� days after

copulation to other females 23’� days post coital gave a high proportion of

successful pregnancies; 2j4-day ova into 33’�-day conditioned females produced

a low yield of pregnancies. The progression of fertilized ova along the tubes

appears to be carefully organized so that the site of implantation is reached at

a particular time. In rabbits, fertile ova were not transported through the ovi-

ducts of oestrous or pseudopregnant rabbits (although cleavage continued nor-

mally) except following a recent ovulation (3). On the other hand, also in rabbits,

the transfer of embryos from the oviducts of luteal phase animals into the ovi-

ducts of other luteal phase animals, gave results just as good as when embryos

were introduced into the oviducts of prepared follicular phase animals, i.e., mated

to vasectomized males 1 day previously. Furthermore, embryos from follicular

phase females survived equally well when transplanted into either follicular phase

or luteal phase animals (11).

Recent experiments in the rat (30) have demonstrated that injection of pro-

gesterone (4 mg/day, s.c.) delayed nidation (implantation) until such time as

1 j�g of oestrone was given in addition to the progesterone. It was claimed that

the embryos were maintained in the uterus in a viable, resting condition during

progesterone treatment. Blastocysts recovered up to 28 days after mating showed

little advance in development with time. Delayed implantation was not con-

sistently observed in rats ovariectomized 4 days after mating and treated with

progesterone; with ovariectomy on day 3 and a delay of 8 days before commen-

cing hormone therapy, nidation did not occur.

These different experiments illustrate the influence oestrogens and progesterone

can exert on the movements and viability of the ovum and the species variabil-

ity. In the physiological state the hormone balance ensures the correct rate of

passage, conditions the uterus to receive the ovum, and facilitates implantation.

Possible approaches for the development of antifertility compounds are evident.

Experiments planned to test the ability of substances to interfere with fertility

in the female must pay due regard to the time factors and probable species

variations. An adequate knowledge of the underlying physiological events in the

species under investigation is essential.

A recent development is the intriguing discovery that antifertility effects in

female rats can be produced during the first 4 days post coitus by oral adminis-

tration of a triphenyl ethanol derivative, 1-(p-2-diethylaminoethoxyphenyl)-1-

phenyl-2-p-anisylethanol, MER-25 (152). This substance was not only effec-
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tive by mouth but its action was remarkably selective and influenced fertilized

ova during their sojourn within the oviducts. Administered during this oviducal

phase it was entirely successful in preventing implantation of fertilized ova.

Treatment applied during 1 day only could also be completely effective ; it was

ineffective if delayed until day 4 of gestation (counting the day of insemination

as day 0). Developing, fertilized ova recovered from the oviducts of treated

animals showed cell abnormalities and degenerative changes; from the third day

onwards no ova were recovered. In control animals at this time segmenting ova

could be found approaching the utero-tubal junction. The action of this substance

is thought to be a cytotoxic process although it is not yet established whether

this is direct on the fertilized ovum, or due to interference with an essential

function provided via the maternal duct system. Treated females (e.g., 25 mg/kg

daily for 3 days) appeared to be pseudopregnant for 15 days before resuming a

normal oestrous cycle. The subsequent fertility of treated females and of their

offspring seemed unimpaired. A mode of action involving interference with cor-

pora lutea or the development of decidual tissue in the uterus has been excluded.

The authors point out that the possibility remained that the antifertility effect

of this substance is connected with its known anti-oestrogenic activity (87).

A recent account of the pharmacological effects of MER-25 (87a) suggests that

its anti-oestrogenic activity is due to competition at the target organ, since it is

active in ovariectomized animals receiving the natural hormones or synthetic

analogues. It is only a feeble antigonadotrophin. Administered to lactating rats,

infertile females but fertile male offspring resulted suggesting adverse effects on

the germinal epithelium of immature females.

Interference with implantation. This is a vital stage of the reproductive process,

during which the minute blastocyst develops a trophoblast and becomes located

in a particular part of the uterus. Changes are then initiated resulting in the

formation of the placenta-an organ derived in part from the trophoblast and

also from the endometrium of the uterus. The corpus luteum (secreting proges-

terone) and later the formed placenta (which produces both progesterone and

gonadotrophin) contribute to the suppression of ovulation for the duration of

gestation. Little is known concerning the physiological mechanisms involved in

the implantation process. The presence of the blastocyst provokes a reaction in

the nearby endometrium with the formation of decidual tissue, which represents

the initial stages of the maternal part of the placenta. The role of progesterone

in the conditioning of the uterus has been mentioned and the presence of this

hormone is, of course, essential for the maintenance of pregnancy. The continued

presence of oestrogen antagonizes the progestational phases of endometrial de-

velopment and prevents implantation of the blastocyst. If implantation has

occurred, oestrogen can still terminate the pregnancy, as observed many years

ago (120, 122). The development of antiprogestational substances competing

directly with the natural hormone and thereby terminating pregnancy in its

early stages, is an attractive possibility. Analogues of progesterone may be found,

w-hich lack progesterone-like action but can directly antagonize the effects of

this hormone. Administration of pregnandione and pregnan-3a-20a-diol in various
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proportions was found to exert a quantitative restriction on progesterone-induced

development of decidual tissue in the rat uterus, which appeared to be of a

competitive nature (68). Given to female rats for 7 days before mating, how-

ever, these steroids merely tended to reduce the litter sizes (196).

Much interest was aroused by a series of publications centering around the

claim that 2 , 6-dimethylhydroquinone (m-xylohydroquinone) was an effective

antifertility substance in rats, due to its antiprogestational activity. A natural

source of this substance is an oil extracted from the field pea (Pisum sativum)

(146). Ingestion of peas or injection of the oil was reputed to cause sterility in

rats; in women the oil caused postponement of menstruation and infertility

(144, 146, 147). Work with the hydroquinone has been vigorously pursued, in-

cluding extensive clinical trials (145, 148, 149). In spite of the results claimed,

independent workers have failed to confirm that the xylohydroquinone has any

effect upon the fertility of rats. Thus, administered to mature female rats under

strictly controlled conditions before mating or during the first trimester of gesta-

tion it “failed to delay mating, prevent implantation or to affect a single foe-

tus or litter” (177). At the same time there are other reports that this chemical

possesses antifertility activity. Although no effect was observed in rabbits,

activity was demonstrated in rats following injection or oral administration (126).

A single dose of the hydroquinone (1 mg) administered to breeding mice was

also reported to cause abortion, resorption or still-birth, but the evidence in-

dicated that the drug did not prevent nidation (8a).

In the face of conflicting evidence from reputable sources, it is difficult to

assess the validity of data. At least it would appear that the activity of m-

xylohydroquinone is undramatic and somewhat difficult to demonstrate. There

seems to be no published work confirming the activity of the field pea or the oil

derived from it.

Inhibition of the formation of decidual tissue in the uterus is a convenient test

for the ability of a substance to interfere with implantation. Injury to the uterus

at a particular time in the oestrous cycle has long been known to result in the

transient growth of a cell mass of maternal (decidual) tissue. This growth (a

deciduoma) is analogous to the maternal part of the early placenta. Its develop-

ment necessitates an initial conditioning of the uterus with oestrogen and pro-

gesterone, which may be achieved by inducing pseudopregnancy (electrical stim-

ulation of the cervix or mating with vasectomized males). This is followed by

application of a nonspecific stimulus, mechanical or chemical, to the uterine

lining which can be regarded as an artifical counterpart to the reaction ordinarily

provoked by the presence of the blastocyst. In practice, the conditioned uterine

horns are traumatized on the fourth day, the substance under test being applied

topically to one horn of the uterus at the same time. Alternatively, one horn

only can be traumatized, the other serving as a control. The results are assessed

by comparing the two horns four days later. The method presents a valuable

screening test for detecting potential antifertility action. In this way, inhibition

of deciduomata formation in the rat occurred with oestrogens (195), ACTH,

cortisone, DOCA, testosterone and pregnandiol (67). Although the most active
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of this group, pregnandiol was not impressive as an antifertility agent (196) but

this might be related to the timing of treatment.

Of particular interest was the demonstration that a single injection of ergot-

oxine (0. 175 mg/rat, s.c.) any time between fertilization and implantation,

prevented deciduoma formation in the rat (158). The action could be reversed

by the administration of progesterone (1.0 mg) at the time of traumatization.

Ergotoxine (1 to 2 mg/rat) also rapidly terminated pseudopregnancy and early

pregnancy (156), its action extending from the day preceding insemination until

the eighth day. The action was not mediated via adrenocortical stimulation,

since the full effect was retained after adrenalectomy (161). Injection of prolactin

antagonized the ergotoxine action, because of stimulation of the ovary and libera-

tion of additional progesterone, indicating the integrity of ovarian function (155).

Histologically there appeared to be neither stimulation of follicular development

nor depressed luteinization due to the ergotoxine. A local oxytocic effect on the

uterus was discounted. Other oxytocics (pitocin and ergometrine) suppressed

decidual growth when applied locally to the uterus but were inactive systemically.

The conclusion was that the effect of ergotoxine was probably independent of its

better known pharmacological properties; in some way it appears to disturb the

hormone balance via the hypophysis, and not by direct interference with pro-

gesterone or gonadotrophins (157). The ergotoxine alkaloids-ergocryptin, ergo-

cornine and ergocristine-were all active, in descending order of magnitude.

Butazolidine (3, 5-dioxo-1 ,2-diphenyl-4-n-butylpyrazolidin) is also said to be

capable of prematurely terminating pseudopregnancy and inhibiting deciduoma

formation in the rat (139), possibly via a direct action on the central nervous

system. Apart from this unconfirmed report the systemic activity of the ergot-

oxine alkaloids remains unique.

The idea that a common intermediary process, perhaps histamine release,

might function in the response of the endometrium to the blastocyst and various

forms of trauma has been explored. It has been stated that as little as 1 to 10

� of histamine introduced into the uterine lumen will stimulate the growth of

decidual tissue in the conditioned uterus, even in the absence of trauma (163).

A number of antihistamines (e.g., diphenhydramine or pyrathiazine), applied

locally to the endometrium of one uterine horn at the time of traumatization,

inhibited decidual growth (159), and the effect was not antagonized by pro-

gesterone. The traumatized but untreated contralateral horn always produced a

large deciduoma, the mechanism of antihistamine action thus appearing to be

directly at the cellular level. Negative results were obtained with local anaes-

thetics (dibucaine tetracaine and chiorbutol) and pressor substances (Pitressin

and serotonin), suggesting that ancillary pharmacological properties of antihis-

tamines were not involved in their uterine effect (160). Adrenaline was active

although at a high dose (0.38 mg). None of these substances (including anti-

histamines) were effective by the parenteral route. The activity of adrenaline

raised the possibility that antihistamines were effective by a reinforcement of the

pressor action of adrenaline (89). However, pyrathiazine showed no such pressor

enhancement although the most effective inhibitor of the decidual cell response.
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Further investigations may elucidate the mechanism of the ergotoxine effect

and lead to the development of orally active antifertility substances of this type.

An extension of this work to species other than the rat would also be of interest.

The production of antifertility substances with the antihistamine type of activity

is possible but considerable increase in potency would be necessary as judged by

the required topical concentrations. The available data on this interesting work

has been recently collected (163).

Destruction of the developing embryo. The possibility of selective destruction

of the implanted embryo by the direct action of substances administered to the

mother, has been investigated by several groups of investigators over the past

few years. It is not surprising that the compounds used exhibit maternal toxicity;

the question is whether a sufficiently large differential effect can be achieved to

permit chemically induced abortion with negligible maternal risk. Compounds

may be developed which are safe for occasional use under proper medical super-

vision; their continued indiscriminate use raises serious problems of chronic toxic

effects which will not easily be discounted. Direct destruction of the embryo may

he achieved in the pre-implantation phase, at the time of implantation or during

the subsequent development of the embryo. In the latter instance there is the

complication of the placenta, although this structure could provide an additional

point of attack. So far, however, no substances are known which affect this organ

selectively. Destruction of the embryo in rats and mice is usually followed by

resorption except in the later days of gestation. The periods of pre-implantation

and implantation present the difficulty of attaining an adequate concentration

of drug in the tubal fluid and the problem of differentiating between a direct

action on the embryonal cells and an indirect effect mediated by hormonal im-

balance. In testing compounds for ahortifacient activity, it is usual to examine

the susceptibility of the embryo at selected times during gestation, representing

the 3 phases referred to above, and to determine the minimum dose producing

100% destruction of litters. In addition, an assessment of the damage produced

in maternal tissues, e.g., the haematopoietic system, should be made. Evidence of

permanent effects on the maternal reproductive tissues can be sought by sub-

sequent fertility tests on treated animals and on their offspring.

So far, work has been concerned with the effects of various antimetabolites

and other cytotoxic agents which interfere with cell division. Most of these

substances have already been tested for antitumour activity and a few are useful

in the palliative treatment of certain forms of human malignant disease. The

results of tests of abortifacient activity have been disappointing in regard to

potential usefulness in human subjects, although presenting interesting problems

for further investigation, e.g., the ability of occasional foetuses to withstand

doses of antimetabolites lethal to other members of the same litter, the resistance

of the placenta to these substances and the varying susceptibility of embryos

according to their gestation age.

a) Antimetabolites. Inclusion in the diet of the vitamin analogue, desoxypyridox-

me (2, 4-dimethyl-3-hydroxy-5-hydroxymethylpyridine), produced early suppres-

sion of oestrus cycles in rats, although other signs of toxicity developed (107a).
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Feeding the drug for 22 days prior to breeding was necessary to cause corn-

plete failure to produce litters.

The effects of folic acid antagonists on fertility are well known. In rats on a

folic acid deficient diet, a crude preparation of folic acid antagonist given to the

females as late as 9 days after breeding caused complete resorption of foetuses

(107). Injection of mice or rats with small doses of the antifolic compound,

4-aminopteroylgiutamic acid (arninopterin), during the first week of gestation

also produced complete resorption of embryos (188, 189). Smaller doses of anti-

folic compound or postponement of treatment until the eleventh day after in-

semination produced malformations in surviving foetuses (106). Normal litters

resulted when treatment commenced on day 15. According to others (103), a

single dose of aminopterin (0.2 mg/kg) between days 9 and 12 of gestation was

frequently lethal to the embryo; if it survived there was usually no evidence of

teratogenic disturbance. The maximum susceptibility of the embryo was on the

ninth day-shortly after implantation. This dose had little effect before the

eighth day or after the fifteenth. The maternal LD5O was about 3 mg/kg. The

effects of antifolic compounds, according to circumstances of administration,

extend over the first two-thirds of pregnancy in the rat, with greatest suscepti-

bility at or soon after implantation. Inhibition of ovulation in rodents required

doses close to those producing lethal effects (107). Apparently embryonic tissues

are much more sensitive to deprivation of folic acid than those of the adult.

Two pyrimidine derivatives, 2 ,4-diamino-5(3’ , 4’-dichlorophenyl)-6-meth-

ylpyrimidine and 2 ,4-diamino-5-p-chlorophenyl-6-ethylpyrimidine, resembled

the 4-amino-analogues of folic acid in their actions (125). Their administration

to pregnant rats could not prevent implantation entirely, but led to later mal-

formation or death (180).

As a means of producing therapeutic abortion aminopterin has been found to be

too uncertain in its action. Apart from maternal toxicity, as reflected in haema-

topoietic changes, a complication was the independent existence of the placenta

in pregnancies of more than one month duration with the likelihood of its persist-

ence and continued growth after death of the foetus. In addition, insufficient

treatment carried the risk of production of foetal abnormalities (175, 179).

o-Diazoacetyl-L-serine (Azaserine), an antibiotic isolated from a Streptomyces

(6) shows both antitumour (173b) and abortifacient activity. Its effects on the

embryo range from complete destruction and resorption to teratogenic manifesta-

tions, depending upon the dose, frequency of administration and the stage of

gestation. The maximal effect occurred just after implantation (days 8 and 9),

when a single intraperitoneal dose (2.5 to 5 mg/kg) resulted in complete litter

destruction (103, 104, 181); insufficient doses produced malformed foetuses. Later

in gestation the embryos were unaffected even by a dose 10 times that effective

on day 8 (105). There was a wide margin of safety between the abortifacient

dose and the single LD5O (about 100 mg/kg, i.p.) (103, 173). Offspring born

after repeated abortions were unaffected and in turn produced normal litters.

Azaserine is known to interfere with glutarnine utilization in purine biosynthesis

(60a). How far this is an adequate explanation of its lethal action on the embryo
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remains to be seen ; attempts to antagonize the toxicity of Azaserine by admin-

istration of amino acids (including glutamic acid) to mice were unsuccessful

(173).

Another antibiotic, 6-diazo-5-oxo-L-norleucine (DON), was more potent than

Azaserine. It is a diazo-ketone also isolated from a Streptomyces, and produces

marked inhibition of a variety of experimental tumours. From implantation to

midterm, 2 doses (0.5 mg/kg) caused total destruction of litters in rats. Again,

the action appeared to be directly on the foetus with no adverse or cumulative

maternal effect (182). Large doses of adenine sulphate, although ineffective

against the toxic effects of Azaserine protected the embryo to a considerable

extent against DON, supporting the view that the latter inhibited the de novo

synthesis of purine bases. Alazopeptin, isolated from Streptomyces griseus planus,

has recently been tested for antifertility activity (185). This substance is ap-

parently a dipeptide, also containing a diazo-keto-amino acid (39). Its effect on

pregnancy was comparable to that of 6-diazo-5-oxo-norleucine, and both sub-

stances showed a wide differential toxicity between mother and foetus on the

basis of a single dose. However, these diazo-amino acids exhibit greatly enhanced

toxicity when administered daily. In spite of resorption of embryos, placentas

frequently survived treatment with these substances.

Oral administration to pregnant rats of 6-mercaptopurine produced foetal

deaths and stunted growth in survivors (178). The most sensitive phase was the

period of implantation (days 7 and 8 of gestation), when two successive daily

doses (10 mg/kg each) produced resorption of 90% of embryos. Occasional

foetuses survived and gross malformations were not seen; larger doses had little

effect on earlier or later stages of pregnancy. There was evidence that treatment

prior to mating damaged ovarian follicles. Certain other synthetic purine antago-

nists (2 ,6-diaminopurine, 6-chloropurine and thioguanine) behaved similarly to

6-mercaptopurine, although their action extended to earlier and later stages of

gestation (184). Thioguanine was the most toxic compound to foetuses, 100%

litter failure being induced by 2 doses (10 mg/kg, i.p.) on days 7 and 8, while

surviving foetuses from insufficient treatment were stunted and malformed. It

was about 10 times more toxic than 6-mercaptopurine to adult rats (125a).

Many placentas persisted after antipurine treatment and there was no evidence

of damage at term to the maternal bone marrow, lymphoid tissue or intestinal

epithelium. The great recuperative power of these tissues in the rat should, how-

ever, be borne in mind.

A number of other purine antagonists were inactive (187), viz., 2-aza-adenine,

8-aza-guanine (guanozolo), 8-aza-xanthine, 8-aza-dimethylxanthine.

h) Cytotoxic alkylating agents. Aliphatic nitrogen mustards, e.g., mustine (HN2),

produced lethal effects on rat and mouse embryos (35, 61, 103). Smaller doses

caused foetal abnormalities without noticeable maternal harm when administered

to mice (35) between days 11 and 12 of gestation (1 to 2 Jhg/mouse, i.p.) and rats

(103) between days 10 and 16 at about one-fifth of the maternal LD5O (0.5

mg/kg). The toxic effect of nitrogen mustard is less specific than that of anti-

metabolites, and foetal susceptibility continues when sensitivity to antimetabo-
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lites has virtually disappeared (103). In rats, injection of the aromatic nitrogen

mustard, Chiorambucil (2 doses, 10 mg/kg on days 7 and 8 or 1 1 and 12) caused

resorption of 99 % of the foetuses. After one such dose on day 8 the same per-

centage were dead at the end of pregnancy (187). A short course of TEM to

rats (5 daily doses, 0.2 mg/kg) commencing on the fourth day after insemination

resulted in complete failure of litter production with no evidence of foetuses in

animals examined at various times after treatment (75). On days 7 and 8 of

gestation 2 doses of TEM (0.5 mg/kg) caused 100% destruction of embryos in

the rat (183), but. susceptibility to this substance diminished rapidly after im-

plantation; it also appeared to damage the placenta. Triethylenephosphoramide

(TEPA) was 100% effective on days 7 and 8 or 11 and 12 (2 doses, 5 mg/kg,

i.m.). Stunted foetuses and malformations occurred after insufficient treatment

with TEM or TEPA. Most of the maternal bone marrow was temporarily de-

stroyed by these compounds although the animals gained weight (176).

Myleran produced its maximum effect before implantation (days 4 and 5,

10 mg/kg) but, surprisingly, only 50% of the embryos were destroyed; thereafter

its effectiveness diminished rapidly (187). Delayed maternal lethal effects re-

sulted from this treatment, due to interference with haematopoiesis. Reference

has already been made to the fact that a single injection of this drug to rats

(2 mg/rat, i.p.) 5 to 7 days before parturition, caused complete sterility in male

and female offspring (14), although earlier in pregnancy “quite large doses do

not interfere with its course and the F1 and F2 generations are apparently

healthy” (52a). A formidable bar to the practical use of alkylating agents, how-

ever satisfactory the results in experimental animals, is the possibility of car-

cinogenesis or transmissible mutagenic effects.

c) Antimitotics. N-desacetylthiocolchicine (197) and N-desacetylmethylcol-

chicine (Demecolcin) (142, 193) produce foetal death in rodents. The former

substance (LD5O in rats by single injection, 175 mg/kg, i.p.) was 25 to 100

times less toxic than colchicine (16). Rats tolerated daily intraperitoneal doses

of 3 mg/kg indefinitely and 8.5 mg/kg for 21 consecutive days.

In rats before implantation the thiocolchicine (2 doses, 7 mg/kg, i.p.) was

relatively ineffective, but from the 10th day onwards destroyed all litters; a

a smaller dose (2 doses, 5 mg/kg) was still effective at mid-term but not later

(186). Even in the terminal phases of pregnancy foetal death could readily be

achieved by coichicine derivatives, in contrast to the failure of antimetabolites.

Repeated abortion with the thiocoichicine did not impair the subsequent fertility

of treated females or cause abnormalities in their offspring. Some damage to

maternal tissue was manifest as depression of the peripheral white cell count

and prolongation of the prothrombin time.

Demecolcin (LD5O, 35 mg/kg) interrupted pregnancy in rats without maternal

mortality (2.5 to 7.5 mg/kg, s.c.) from the time of implantation to the last

phases of gestation (186). Similar doses to rabbits, 13 to 16 days pregnant, were

also effective but it was less active orally (40). In mice desacetylthiocolchicine

did not interrupt gestation in doses of 30 j�g daily from the sixth to twelfth days

of pregnancy; Demecolcin (50 �g per mouse over the same period) interrupted
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pregnancy in 100 % of mothers without maternal injury (200). These rat ex-

periments suggest a higher dose of desacetylthiocolchicine may be necessary to

interfere with gestation in mice. No gross malformations were encountered among

surviving foetuses in rats treated with the coichicine derivatives (186), but

anatomical abnormalities occurred in mice after insufficient treatment (200).

These were not transmitted by subsequent breeding, although impaired fertility

was seen in some animals through 3 successive generations. Histological damage

to the ovaries with many arrested mitoses in the follicles, required high doses of

Demecolcin (150). In general, the coichicine derivatives killed foetuses when

given any time in the latter half of pregnancy, even on the day before littering.

It is unfortunate that the placenta frequently survived treatment with these

compounds.

Other antimitotic substances possess a differential action on the foetus. Thus

podophyllotoxin, from the mandrake or May apple root, is one-sixth as toxic as

coichicine. It is more toxic to young than adult animals and interrupts pregnancy

in mice, rats and rabbits (41, 187, 202). Although relatively ineffective by mouth,

a single injection to mice (1.5 mg per animal), between the third and fourteenth

day after insemination, terminated pregnancy (40, 200). No side effects were

reported and several successive abortions appeared not to impair the subsequent

fertility of the mothers, nor interfere with bone marrow function; however, the

LD5O was about 3.5 mg per mouse. Two related constituents of podophyllin

resin, a- and fl-peltatin (79), had similar antifertility action and were less toxic

than podophyllotoxin. A single dose of a-peltatin (2 mg per mouse) on day 3 of

pregnancy interrupted 34 of 37 pregnancies. Two similar daily doses of either

peltatin caused a disturbing number of maternal deaths, due apparently to acute

diarrhoea and not to damage to liver, haematopoietic or cardiac tissues (200).

Histological evidence of tissue damage has, however, been reported (79). There

is clearly little margin of safety with these compounds.

D-Usnic acid, an antimitotic substance found in many lichens, usually prevented

pregnancy in mice if given immediately after copulation (1.5 mg per mouse).

Resistance developed with repeated administration so that pregnancy ensued

although fertility was subnormal. There was no indication of transmission of

effects to progeny (202).

Antimitotic activity as assessed in plants or invertebrates, or even in mam-

malian tissue culture, does not necessarily indicate antifertility activity in the

intact mammalian organism (200). The following mitotic poisons did not prevent

pregnancy in female mice: 9, 10-phenanthraquinone (85), 4-dimethylaminochal-

cone (43), vitamin K and its synthetic analogues and 1 ,4-naphthoquinone (200).

Stilboestrol has antimitotic properties (70). Its monobenzyl ether-a feeble

oestrogen-interrupted pregnancy in most mice, when given (400 �g per animal)

on the third day of gestation (200). A comparison with the result of stilboestrol

administration at various stages of gestation would be interesting. Podophyl-

lotoxin and stilboestrol have been reported to be synergistic in producing damage

to experimental tumours (203); �3-peltatin and stilboestrolmonobenzyl ether to-

gether showed enhanced activity in pregnant mice. Combinations of phenanthra-
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quinone with �-peltatin, and thiocolchicine with �-peltatin were said to exhibit

marked antagonism (200).

Miscellaneous. The carcinogen, methyl cholanthrene, interrupted pregnancy

in mice when injected on day 1 or day 7 of gestation (e.g., 0.5 to 1.0 mg per

mouse) (71a). At midterm, it was comparatively ineffective. The mode of

action was not established, but a direct toxic effect on the embryo seemed likely

since the compound remained active in ovariectornized, pregnant mice receiving

progesterone (1.5 mg/day).

Certain nitriles produce selective death of the rat foetus in the late stages of

pregnancy. The seeds of certain members of the pea family (Lathyrus hirsutus,

L. pusillus and L. odoratus) produced deformities in growing animals (Lathyrism)

and embryonic death. The active principle of the sweet pea (Lathyrus odoratus)

has been characterized as (fl-L-glutamylamino)propionitrile (151). Aminoacetonit-

rile, $-aminopropionitrile and bis-(�-cyanoethyl)amine all produced effects resem-

bling those following feeding a high percentage of pea meal (168). For example,

small quantities of �9-aminopropionitrile (e.g., 0.1 % in the diet) were apparently

harmless up to the 15th day of gestation. Administered for one further day, or

if treatment commenced on the 17th day onwards uniformly lethal effects on

the embryo could be produced; the nature of the toxic action is not known.

The fertility of adult male or female rats was unaffected. Tris-(fl-cyanoethyl)

amine, �-dimethylaminopropionitrile and �-mercaptoethylamine were inactive.

These substances hardly enter the category of potential antifertility agents, but

their ability selectively to cause foetal death late in gestation is of interest.

Antifertility effects due to minute amounts of selenium in the drinking water

of rats have also been described (140). Although 1.5 to 2.5 parts per million were

apparently harmless over 2 generations, 7.5 ppm prevented reproduction in

the female, whilst male fertility was unaffected.

Lipopolysaccharides from bacteria possess abortifacient properties (187). Ex-

pressed as the percentage of rat litters completely destroyed by the dose given,

the best results were: material from B. typhosus, 90% (2 mg/kg on day 12), from

S. marcescene, 100% (2 mg/kg on day 15) and B. abortus, 100% (30 mg/kg on

day 11). Few placentas survived in these experiments.

VII. CONCLUSIONS

Compounds have been found which interfere selectively with various phases of

the intricate reproductive process in both male and female. Some act directly on

the developing gametes or on the embryo, while others appear to disturb the

delicate hormonal balance in the female.

Control of human male fertility offers little prospect of success at the present

time. In the rodent, spermatogonia, spermatocytes and early spermatids can be

selectively attacked by various types of chemical agents, with the later ap-

pearance of episodes of sterility. Late spermatids and spermatozoa have not

been selectively damaged so far. Interference with hormonal control seems to be

an unprofitable approach in view of the lengthy period of spermatogenesis. More

promising would be selective damage to the male gametes during their stay in
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the epididymis since, in rodents, sperm are constantly being rene�ved irrespective

of mating. The same might apply to man, in which case predictable periods of

sterility could be produced by suitable drugs. The sperm tail is a unique structure

which may well depend upon special biochemical processes for its proper function.

During the epididymal phase, when sperm are inactive, selective interference

could ensure that they remained non-motile after emission. In this way fertility

control might be achieved with minimal risk. The application of cytotoxic sub-

stances, however, will always carry the possibility of damage to cell nuclei with

the dangers of carcinogenesis and alterations in genetic material.

Interference with the reproductive process in the female offers greater prospects

of control. Steroids have been developed which successfully prevent ovulation

after oral administration. These substances appear to act by suppression of

gonadotrophin secretion and the method necessitates treatment during the

greater part of each cycle in women, while permitting a continuation of normal

menstrual rhythm. Such anovulatory cycles are well recognised events in other-

�vise normal individuals. The risks from prolonged depression of pituitary activity

and endocrine imbalance by such means cannot yet be adequately assessed. In

view of the lack of toxicity of progesterone, the development of progesterone-

antagonists as potential antifertility substances would be of considerable interest.

All substances acting by interfering with the hormonal balance in the female

possess the disadvantage of requiring timed administration during the menstrual

cycle.

The pre-implantation and implantation phases of development can be success-

fully attacked in experimental animals; in human beings they are, relative to

gestation, of very short duration so that the time of administration may well be

critical. The post-implantation embryo can still be destroyed in rodents, but,

generally speaking it becomes more resistant with time. Unfortunately, too, the

placenta frequently survives. Available compounds are also too toxic and there

is the risk that insufficient treatment at any stage of gestation will result in the

production of abnormal offspring.

The chemical control of proliferating cell systems is also the problem of cancer

chemotherapy. Comparative studies of substances interfering with the multipli-

cation of normal cells in the germinal epithelium in different species, may con-

tribute to an understanding of the complexities of the malignant process. It

has been said “the real problem of cancer is to understand the processes of con-

trol, by which normal cells from the fertilized ovum to the end of life are main-

tained in morphological and functional conditions appropriate to the needs of

the organism at the time” (22). Similar knowledge concerning the developing

gametes could facilitate the rational development of antifertility substances.

Compounds interfering directly or indirectly with proliferating cell systems

in the body possess potential dangers which may be very difficult to assess from

studies on experimental animals, however varied these may be. The chief hazards

would arise from the widespread use and abuse of antifertility compounds by the

reproductive age group of the community. The toxic manifestations of the drugs

used could emerge only after years of treatment and may appear in future genera-
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tions as a result of damage to genetic material. There is also a real risk of car-

cinogenesis, permanent damage to reproductive capacity and to haematopoiesis.

Even the use of direct spermicidal compounds could result in the induction of

cancer. It is a vital necessity to carry out detailed and prolonged toxicological

tests in a variety of species on any compound likely to reach human application.

These must include tests for the hazards referred to above and extend over

several generations. In this connection, adequate liaison between the pharmaco-

logist, experimental pathologist, geneticist and appropriate workers in the cancer

field is essential.

The development and study of antifertility compounds present a largely unex-

plored chapter in pharmacology, the impetus to which is now being provided by

overpopulation. There is reason to suppose that the safe chemical control of

fertility can be achieved, but in no other branch of pharmacology is the potential

hazard so great from the exploitation or misuse of drugs.

REFERENCES

1. A�ioi�oso, E. C. AND PAaazs, A. 5.: Effects on embryonic development of X-irradiation of rabbit spermatozoa
in euro. Proc. roy. Soc. B 134: 57-58, 1947.

2. ASTWOOD, E. B. AND FEVOLD, H. L.: Action of proge8terone on the gonadotropic activity of the pituitary. Amer.
J. Physiol. 127: 192-198, 1939.

3. AUSTIN, C. R.: Fertilization and the transport of gametes in the peeudopregnant rabbit. J. Endocrjn, 6: 63-70,
1949.

4. AUSTIN, C. R. AND BRUCE, H. M.: Effect of continuous oestrogen administration on oestrus, ovulation and fertili-
zation in rats and mice. J. Endocrin. 13: 376-383, 1956.

5. BARSOUM, H.: The effect of colchicine on the spermatogenesis of rabbits. J. Pharmacol. 115: 319-322, 1955.

6. BARTZ, Q. R., ELDER, C. C., FROHARDT, R. P., FUSARI, S. A., HASKELL, T. H., JOHANNESSEN, D. W. AND RYDER,

A.: Isolation and characterization of azaserine. Nature, Lond. 173: 72-73, 1954.

7. BATEMAN, A. J.: Mutagenic sensitivity of maturing germ cells in the male mouse. Heredity 12: 213-232, 1958.

8. BATEMAN, A. J. AND JACKSON, H.: Mutagenic action of TEM. Ann. Rep. Brit. Empire Cancer Campaign, p. 473,

1958.

8a. BA1�A, K. B. AND HAKIM, S.: The effect of meta-xylohydroquinone on mice and rats. J. Endocrin. 14: 228-233,

1956.
9. BEROEL, F. AND STOCK, J. A.: Cytotoxic a-amino acids and peptides. Ann. Rep. Brit. Empire Cancer Campaign,

p. 6, 1953.

10. BERONER, A. D.: Studies on colchicine derivatives, III. Effect on mitotic activity of mouse �permatogonia.

Cancer 3: 134-141, 1950.

11. BLACK, W. G., Orro, 0. AND CASIDA, L. E.: Embryonic mortality in pregnancies induced in rabbits of different

reproductive stages. Endocrinology 49: 237-243, 1951.

12. BocK, M. AND JACKSON, H.: The action of triethylenemelamine on the fertility of male rats. Brit. J. Pharmacol.

12: 1-7, 1957.

13. BOLLAG, W.: Der Einfluss von Myleran auf die KeimdrOsen von Rattan. Experientia 9: 268, 1953.

14. Bou�o, W.: Cytostatica in der Schwangerschaft. Schweiz. med. Wschr. 84: 393-395, 1954.

15. BRADBURY, J. T. AND BROWN, W. E.: Secretory and decidual changes induced in the endometrium of oopho-

rectomized women by administration of oeatrogen and progesterone. J. din. Endocrin. 11: 267-276, 1951.

16. BRANCENI, D., PETERPALVI, M. AND JEQUIER, R.: bi N-d#{233}sac#{233}tyl-thiocolchicine. Etude exp#{233}rimentale des pro-

pri#{233}t4santimitotiques. Arch. mt. Pharmacodyn. 107: 150-158, 1956.

17. BULLOUGH, W. S.: Mitotic activity in the adult male mouse, Mus musci�lus L. The diurnal cycles and their rela-
tion to waking and sleeping. Proc. roy. Soc. B 135: 212-233, 1948.

18. BURDICK, H. 0., EMMEII50N, B. B. AND WHITNEY, R.: Effects of testosterone propionate on pregnancy and on

passage of ova through the oviducts of mice. Endocrinology 26: 1081-1086, 1940.

19. BURDocK, H. 0. AND PINCUS, 0.: The effect of oestrin injections upon the developing ova of mice and rabbits.

Amer. J. Physiol. 111: 201-207, 1935.
20. BURDICK, H. 0. AND WHITNEY, R.: Acceleration of the rate of passageof fertilizedovathrough the fallopiantubes

of mice by massive injections of an estrogenio substance. Endocrinology 21: 637-643, 1937.
21. BURDICK, H. 0., WHITNEY, R. AND PINCUS, 0.: The fate of mouse ova tube-locked by injections of oestrogenic

substances. Anat. Rec. 67: 513-519, 1937.

22. BURNET, McF.: Cancer-A biological approach. I. The processes of control. Brit. med. J. 1: 779-786, 1957.
23. BYRPES, W. W. AND MEYER, R. K.: Effect of physiological amounts of oestrogen on the secretion of follicle stim-

ulating and luteinizing hormones. Endocrinology 49: 449-460, 1951.

24. CArrANACH, B. M.: Induction of translocations in mice by triethylenemelamine. Nature, Lond. 180: 1364-1365,
1957.



ANTIFERTILITY SUBSTANCES 167

25. CArrANACII, B. M. AND EDWARDS. R. 0. : The effects of triethylenemelamine on the fertility of male mice. Proc.

roy. Soc., Edinb. B 67: 54-64, 1958.
26. CHANG, M. C. : Fertilization, male infertility and hyaluronidase. Ann. N. Y. Aced. Sri. 52: 1192-1195, 1950.

27. CHANG, M. C. : Fertilizing capacity of spermatozoa deposited into the fallopian tubes. Nature, Lond. 168: 697-

698, 1951.

28. CHANG, M. C. AND PINCUS, 0. : Does phosphorylated hesperidin affect fertility? Science 117: 274-276, 1953.

29. CLEBMONT, T. AND LEBLOND, C. P. : Renewal of spermatogonia in the rat. Amer. J. Anat. 93: 475-501, 1953.
30. COCERANE, R. L. AND MEYER, R. K. : Delayed nidation in the rat induced by progesterone. Proc. Soc. eap. Biol.,

N. Y. 96: 155-159, 1957.

31. CRAIG, A. W., Fox, B. W. AND JACKSON, H. : Tracer studies of the metabolism of the tumour inhibitor triethylene-
thiophosphoramide. Biochem. J. 69: 16P, 1958.

32. CRAIG, A. W., Fox, B. W. AND JACKSON, H. : Sensitivity of the spermatogenic process in the rat to radiomimetic

drugs and X-rays. Nature, Lond. 181: 353-3,54, 1958.

33. Ciuio, A. W. AND JACKSON, H. : The metabolism of IIP.labelled triethylenephosphoramide in relation to its anti-

tumour activity. Brit. J. PharmacoL 10: 321-325, 1955.
33a. CRAIG, A. W., Fox, B. W. AND JACKSON, H.: The effect of radiation on fertility of the male rat. Brit. J. Radiol.,

in press.

34. CRANSTON, E. M.: The effect of Lithospermum ruderale on the estrous cycle of mice. J. Pharmacol. 83: 130-142,

1945.

35. DANFORTH, C. H. AND CATER, E.: Nitrogen mustard as a teratogenic agent in the mouse. Proc. Soc. exp. Biol.,
N. Y. 86: 705-707. 1954.

36. DAvIDsoN, H. A.: The contact test. A method of measuring spermicidal action. Lancet 2: 432-434, 1953.

37. DE LAZLO, H. AND HENSHAW, P. S.: Plant materials used by primitive peoples to affect fertility. Science 119:

626-631, 1954.
38. DEMPSET, E. W.: Follicular growth rate and ovulation after various experimental procedures in the guinea pig.

Amer. J. Physiol. 120: 126-132, 1937.

39. Dz VOE, S. E., RIGHER, N. E., SHAW, A. J., MARTIN, J. H., BOYD, T. C., BACKUS, E. J., MOWAT, J. H. AND

BOHONOS, N.: Alazopeptin; production, isolation and chemical characteristics. Antibiotics Annual, pp. 730-

735, Medical Encyclopedia, New York, 1956/57.

40. DIDCOCK, K., JACKSON, D. AND ROBSON, J. M.: The action of some nucleotoxic substances on pregnancy. Brit.
J. Pharmacol. 11: 437-441, 1956.

41. DIDCOCK, K. A., PICARD, C. W. AND ROBSON, J. M.: The action of podophyllotoxin on pregnancy. J. Physiol. 117:
65P-66P, 1952.

42. Diuu�, V. A. AND SAUNDER, F. J.: Biological activity of norethynodrel. Proc. Symposium on 19-Nor-Progesta-
tional Steroids. Searle lIes. Lab. pp. 5-13, 0. D. Searle & Co., Skokie, Illinois, 1957.

43. DRUCKRKT, H., DANNEBERG, P. AND SCHMAHL, D.: Zeilteilungs-hemmende Gifte. Versuche an Seeigel-

Eiern. Arzneim..Forsch. 3: 151-161, 1953.

44. Dui-r, R. H. AND CASIDA, L. E.: Alteration of the oestral cycle in sheep by use of progesterone and its effect upon

subsequent ovulation and fertility. Endocrinology 43: 208-217, 1948.
45. EasT, J.: The effect of certain plant preparations on the fertility of laboratory mammals. 1. Pot ygonium hydropuper

L. J. Endocrin. 12:252-260, 1955.

46. EasT, J.: The effect of certain plant preparations on the fertility of laboratory mammals. 2. Psoralea corytifolia L.

J. Endocrin. 12: 261-266, 1955.

47. EAsT, J.: The effect of certain plant preparations on the fertility of laboratory mammals. 3. Capsella bursa pastoris
L. J. Endocrin. 12: 267-272, 1955.

48. EasT, J.: The effect of genistein on the fertility of mice. J. Endocrin. 13: 94-100, 1955.

49. ELSON, L. A.: Comparison of the physiological response to radiation and radiomimetic chemicals. Patterns of
blood response. In: Advances in Radiobiology, ed. by 0. C. de Hevesy, pp. 372-375, Oliver and Boyd, Edin-

burgh, 1957.

49a. ELTON, R. L. AND EDGREN, R. A.: Biological actions of 17c,-(2-methallyl)-19-nortestosterone. an orally active
progestational agent. Endocrinology 63: 464-472, 1958.

49b. EPSTEiN, J. A., KUPPERMAN, H. S. AND CUTLER, A.: Comparative pharmacological and clinical activity of 19-
nortestosterone and 17-hydroxyprogesterone derivatives in man. Ann. N. Y. Acad. Sci. 71: 560-571, 1958.

50. FEATHERSTONE, R. M., NELSON, W. 0., WELDEN, F., MERBERGER, E., BOCCABELLA, A. AND BOCCABELLA, R.:
Pyruvate oxidation in testicular tissues during furadroxyl-induced spermatogenic arrest. Endocrinology 56:

727-736, 1955.

51. FITZGERALD, P. J., HELLMAN, L., WEINSTEIN, J. AND SCHIMMEL, R.: Concentration, distribution and excretion
of radio ethionine (SIS) in the rat on stock and protein depleted diets-determined by radioactivity counting
and radioautography. Amer. J. Path. 30: 619-620, 1954.

52. FLEISCHMANN, W. AND ULLYOT, 0. E.: Studies on colchicine derivatives, II. Effect on mitotic activity of the
corneal epithelium. Cancer 3: 130-133, 1950.

52a. GALTON, D. A. 0. AND TILL, M.: The use of myleran and similar agents in chronic leukemias. Advanc. Cancer

lIes. 4: 83, 1956.
53. GAMBLE, C. J.: An important test of spermicidal activity without dilution or mixing. J. Amer. med. Ass. 152:

1037-1041, 1953.
54. GAMBLE, C. J.: Diffusion times of spermicidal compounds. Proc. Soc. exp. Biol., N. Y. 94: 413-416, 1957.

55. GEIST, S. H., GAINES, J. A. AND SALMON, U. J.: Inhibitory action of testosterone propionate on the human ovary.
Proc. Soc. exp. Biol., N. Y. 44: 319-321, 1940.



168 H. JACKSON

56. Gowzcx, H. AND HAOENAH, H. : Der Stickstoff-Lost-Einflusa auf die FertilitAt und Spermiogenese der Labors
toriumsratte. Z. gas. exp. Med. 117: 467-460, 1951.

57. GRAHAM, R. C. B. AND NosLE, R. L. : Comparison of in vitro activity of various species of Lithospermum and
other plants to inactivate gonadotrophin. Endocrinology 56: 239-247, 1955.

58. GRAHAM, R. C. B. AND NosLE, R. L. : Inactivation of pregnant mare’s serum gonadotrophin by various species

of Lithoepermum. Fed. Proc. 11: 58, 1952.
59. HAHN, L. AND FEKETZ, J. : Synthetic inhibitom of hyaluronidase. I. Demonstration of the high inhibitory power

of some diphenylmethane and triphenylmethane derivatives. Acts clam. scand. 7: 798-806, 1953.

60. HAHN, L. AND FRANK, E. : Synthetic inhibitors of hyaluronidase. II. New polycondensed diphenylmethane and

triphenylmetbane derivatives. Acts chim. scand. 7: 806-812, 1953.

60a. HARTMAN, S. C., LEVENBERO, B. AND BUCHANAN, J. M.: Biosynthesis of the purinee. XI: Structure, enzymatic

synthesis, and metabolism of glycinamide ribotide and (a-N-formyl)-glycinamide ribotide. J. biol. Chem. 221:
1057-1070, 1956.

61. HASKIN, D.: Some effects of nitrogen mustard on the development of external body form in the fetal rat. Anat.

Rec. 102: 493-509, 1948.
62. HECKEL, N. J. AND MACDONALD. J. H.: The rebound phenomenon of the epermatogenic activity of the human

testis following the administration of testosterone propionate. Further observations. Fertility and Sterility 3:

49-61, 1952.
63. HECKKL, N. J., Rosso, W. A. AND KEWrEL, L.: Spermatogenic rebound phenomenon after administration of

testosterone propionate. J. cm. Endocrin. 11: 236-245, 1951.

64. HENDRT, J. A., HOMER, R. F., ROSE, F. L. AND WALPOLR, A. L.: Cytotoxio agents. III. Derivatives of ethyl-
eneimine. Brit. J. Pharmacol. 6: 357-410, 1951.

65. HENSHAW, P. S.: Physiological control of fertility. Science 117: 572-683, 1963.

66. HERTZ, R. AND TULLNER, W. W.: Comparative estrogenic and pituitary depressant action of p-hydroxypropio-
phenone in the rat. Endocrinology 49: 424-427, 1951.

67. HisAw, F. L. AND VELARDO, J. T.: Inhibition of progesterone in decidual development by steroid compounds.
Endocrinology 49: 732-741, 1951.

68. HISAW, F. L., VELARDO, J. T. AND ZIEL, H. K.: Action of pregnanediols and related steroids on progesterone in
decidual development. J. cm. Endocrin. 14: 763, 1954.

69. HUDSON, C. B. AND PIN0, J. A.: Physiological disturbance of the reproductive system in white leghorn cockerele
following the feeding of enheptin. Poult. Sci. 31: 1017-1022, 1952.

70. HUFFMAN, M. N., JoNEs, R. W. AND KATZBERO, A. A.: Antimitotic steroids! oeetrogens. Cancer 10:707-710,1957.
71. JACKsON, D. AND ROBSON, J. M.: The action of furazolidone on pregnancy. 3. Endocrin. 15:356-359, 1967.

7la. JACKSON, D. AND ROBSON, 3. M.: The effect of methyl cholanthrene on growth and pregnancy. Brit. 3. exp.
Path. 39: 133-138, 1958.

72. JACKSON, H.: The effects of radiomimetic chemicals on the fertility of male rats. J. Fac. Radio!., Lond. 9: 217-

220, 1958.
73. JACKSON, H.: Side effects of some tumour inhibitory drugs. 3. Soc. chem. md., Lond. p. 949, 1957.

74. JACKSON, H., CRAIG, A. W. AND Fox. B. W.: Comparative effects of certain alkylating agents on the proliferation

of normal and tumour tissues. I. Spermatogenesis and tumour growth. Acts Un. mt. Caner., in press.

74a. JACKSON, H.: Unpublished observation.
75. JACKSON, H. AND BocK, M.: The effect of triethylenemelamine on the fertility of rats. Nature, Land. 175: 1037-

1038, 1955.

76. JACKSON, H., CRAIG. A. W. AND Fox, B. W.: The site and mode of action of alkylating agents. B.E.C.C. Rep.,

pp. 294-296, 1958.
77. JACKSON, H., CRAIG, A. W. AND Fox, B. W.: The effect of alkylating agents on male rat fertility. Brit. 3. Phar.

macol., in press.

78. KAUFMAN, N., KLAVINS, J. V. AND KINNEY, T. D.: Testicular damage following othionine administration. Amer.
J. Path. 32: 105-11!. 1956.

79. Kzn�z�zy, M. 0. AND HARTWELL, J. L.: The biological effects and the chemical composition of podophyllin. A re-

view. J. nat. Cancer Inst. 14: 967-1010, 1954.
80. KEMPER, F. AND LOESER, A.: Regulation of the production of pituitary hormones by the blocking action of

Lithosperinum officinale. Acts endocr., Copenhagen 29: 525-630, 1958.

81. KLEBER, J. W. AND GIsVOLD, 0.: A preliminary phytochemica! study of Lithoepermum ruderale Douglas. 3.

Amer. pharm. Ass., Sci. Ed. 41:218-220,1952.
82. K0SIN, I. L.: Some aspects of the biological action of X-rays on cock spermatozoa. Physiol. Zool. 17: 289-319,1944.

83. LANDING, B. H., GoI�oIN, A. AND Noz, H. A.: Testicular lesions in mice following parenteral administration of
nitrogen mustards. Cancer 2: 1075-1082, 1949.

LAZLO, H. DE AND HEN5HAW, P. S. (See 37.)

84. LEBLOND, C. P. AND CLzIuaowr, T.: Spermiogenesis of rat, mouse, hamster and guinea pig as revealed by the
“periodic acid-fuchsin sulfurous acid” technique. Amer. J. Anat. 90: 167-216, 1952.

85. LEHMANN, F. E.: Chemische Beeinflussung der Zeliteilung. Experlentia 3:223-232, 1947.

86. LEITER, J., DOWNING, V., HARTWELL, J. L. AND SHEAR, M. J.: Damage induced in sarcoma 37 with chemicel

agents, III. Colchicine derivatives related to trimethylcolohicinic acid and to oolchinoL 3. nat. Cancer Inst.

13: 379-392, 1962.

87. LERNER, L. J.: Oestrogen antagonistic activity of l-(p-2-diethylamincethoxyphenyl)-1-phenyl-2-p-aniaylethanol
(MER-25). Fed. Proc. 17: 388, 1958.



ANTIFERTILITY SUBSTANCES 169

87a. LEaNER, L. J., HOLTHAUS, F. J. AND THOMPSON, C. R. : A non-steroids! estrogen antagonist l-(p-2-diethyl.

aminoetho.xyphenyl)-l-phenyl.2-p-methoxyphenyl ethanol. Endocrinology 63: 295-318, 1958.

88. L0EsER, A. A. : The action of testosterone propionate on the uterus and breast. J.ancet 1: 373-374, 1938.
89. LOEW, E. R. : The pharmacology of benadryland the specificity of antihistamine drugs. Ann. N. Y. Acad. Sci. 50:

1142-1160, 1948-50.

90. Lunw:o, D. J. : Effect of androgen on spermatogenesis. Endocrinology 46: 453-481, 1950.

91. MACMILLAN, E. W. AND HARRISON, R. 0. : The rate of passage of radio opaque medium along the ductus epi-

didymis of the rat. Stud. Fertil. 7: 35-40, 1955.

92. MAKEPEACE, A. W., WEINSTEIN, G. L. AND FREEDMAN, M. H. : The effect of progestin and progesterone on ovula-

tion in the rabbit. Amer. 3. Physiol. 119: 512-516, 1937.

93. MALLER, R. K. AND HEIDELBERGER, C. : Studies on OPSPA. IV. Metabolism of OPSPA in the rat and human.

Cancer lIes. 17: 296-301, 1957.

94. MANN, T. : The mode of action of spermicidal agents. Stud. Fertil. 6: 41, 1954.

95. MANN, T. : Biochemical basis of spermicidal activity. Stud. Fertil. 9: 3, 1958.

96. MARDONES, E., INGLESIA5, R. AND LIPSCHVTZ, A. : The antiluteinizing potency of five derivatives of progesterone.

Endocrinology 58: 212-219, 1956.

97. MARTIN, 0. J. AND BEILER, J. M. : Effect of phosphorylated hesperidin, a hyaluronidase inhibitor, on fertility in

the rat. Science 115: 402, 1952.

98. MCLAREN, A. AND MICHIE, D.: Transfer of fertilized mouse eggs. J. exp. Biol. 33: 394-416, 1956.
99. Mznaa, P. N.: Coichicine effect and the production of abnormal spermatozoids in the prothalli of Dryop�eris

subpubescens and Goniop(erie prolifera. Ann. Bot., Land. 16: 49-56, 1952.

100. MILLMAN, N.: A critical study of methods of measuring spermicidal action. Am. N. Y. Acad. Sn. 54: 806-824,1952.
101. Mn.uIAN, N. AND HARTMAN, C. 0.: Oral control of conception. Fertil. Stan!. 7: 110-122, 1956.

102. M0E5cIILIN, S., MEYER, H. AND LICHTMAN, A.: Em neues Colchicum-Nebenalkaloid (Demecolcin Ciba) als
Cytcstaticum myeloischer LeukAmien. Schweiz. med. Wschr. 83: 990-994, 1953.

103. MURPHY, M. L. AND KARNOERKY, D. A.: Effect of azaserine and other growth inhibiting agents on fetal develop-
ment of the rat. Cancer 9: 954-962, 1956.

104. MURPHY, M. L., KARNOFSKY, D. A. AND RODDY, J.: Effects of tumour-inhibiting agents on embryonic develop-
ment with special reference to o-diazoacetyl-L-serine. Proc. Amer. Ass. Cancer Res. 1:34, 1954.

105. NADLSRNI, M. V., GOLDENTHAL, E. I. AND SMITH, P. K.: The distribution of radioactivity following administra-

tion of triethyleneimino-S-triazine-C4 in tumour bearing and control mice. Cancer Res. 14:559-662, 1954.
106. NELSON, N. M., ASLLNG, C. W. AND EVANS, H. M.: Production of multiple congenital abnormalities in young by

maternal pteroylglutamic acid deficiency during gestation. 3. Nutr. 48: 61-79, 1952.

107. NELSON, N. M. �ND EVANS, H. M.: Pteroylglutamic acid and reproduction in the rat. J. Nutr. 38: 11-24, 1949.
107a. NELSON, N. M. AND EVANS, H. M.: Effect of desoxypyridoxine on reproduction in the rat. Proc. Soc. exp. Biol.,

N. Y. 68: 274, 1948.

108. NELsON, W. 0.: Survey of studies relating to vulnerable points in the reproductive processes. Acts endocr., Copen-

hagen, Suppl. 28: 7-17, 1966.
109. NELsON, W. 0. AND BUNGE, R. 0.: The effect of therapeutic dosages of nitrofurantoin (furadantin) upon sperma-

togenesis in man. 3. Urol. 77(2): 276-281, 1957.

110. NzaaoN, W. 0. AND STEINBERGER, E.: The effect of furadroxyl upon the testis of the rat. Anat. Rec. 112: 367-

368, 1952.
Ill. NELsON, W. 0. AND STEINBERGER, E.: The effect of furadroxyl upon reproduction in the female rat. Anat. Rec.

112: 426, 1952.

112. NELsoN, W. 0. AND STE1NBERGER, E.: Effects of nitrofuran compounds on the testis of the rat. Fed. Proc. 12:

108,1953.

113. NOBLE, R. L. AND GRAIuis, R. C. B.: Lithosperm-like action of certain quinones and related compounds. Canad.

med. Ass. .7. 69: 576-581, 1963.

114. NOBLE, R. L., PLUNKETP, E. R. AND GRAHAM, R. C. B.: Direct hormone inactivation by extracts of Litho-

sper�num ruderale. J. Endocrin. 10: 212-227, 1954.

116. OAZBERG, E. F.: Sensitivity and time of degeneration of spermatogenic cells irradiated in various stages of ma-
turation in the mouse. Radiation Res. 2: 369-391, 1955.

116. PAPANWOI.AOU, 0. N., RIPLEY, H. S. AND SHOER, E.: Inhibitory effects of male sex hormone on human menstru-

ation and their evaluation by vaginal smears. Proc. Soc. exp. Biol., N. Y. 37: 689-692, 1938.
117. PARSEs, A. S.: Towards oral contraception. Family Planning 7:9, 1958.

118. PARIES, A. S.: Prevention of fertilization by a hyaluronidase inhibitor. Lancet 2: 1285-1287, 1963.
119. PARKES, A. S.: Quest for an ideal contraceptive. Stud. Fertil. 5: 20-26, 1953.

120. PARXE8, A. S. AND BELLERBY, C. W.: Studies on the internal secretions of the ovary. II. The effects of injection
of the oestrus producing hormone during pregnancy. J. Physiol. 62: 145-156, 1926.

121. PABEEs. A. S. AND BELLERBY, C. W.: Studies on the internal secretions of the ovary. V. The oeetrus inhibiting

function of the corpus luteum. J. Physiol. 64: 233-245, 1927.
122. PARIEs, A. S., DODDS, E. C. AND NOBLE, R. L.: Interruption of early pregnancy by means of orally active oestro-

gens. Brit. med. J. 2: 657-659, 1938.

123. PAUL, H. E., PAUL, M. F., KOPKO, F., BENDER, R. C. AND EvEaErr, 0.: Carbohydrate metabolism studies on
the testes of rats fed certain nitrofurans. Endocrinology 53: 585-592, 1953.

124. PAUL, 38. F., PAUL, H. E., KOPKO, F., BRYSON, M. J. AND HARRINGTON, C.: Inhibition by furacin of citrate

formation in testis preparations. J. biol. Chem. 206: 491-497, 1954.



170 H. JACKSON

125. PHILIPS, F. S. , HAMILTON, L. D., CLARKE, D. A., STEINBERG, S. S. AND HcrcmNos, 0. H. : Actions of 2,4-dia.
mino-5-(3’, 4’-dichlorophenyl)-6-methyl pynimidine in mammals. Cancer Rae. 12: 287-288, 1952.

lISa. PHILIPS, F. S., STERNBERG, S. S., HAMILTON, L. D. AND CLARKE, D. A. : Effects of thioguanine in mammals.

Cancer 9: 1092-1101, 1956.

126. PINCUS, G.: Some effects of progesterone and related compounds upon reproduction and early development in
mammals. Acts. endocr., Copenhagen, Suppl. 28: 18-35, 1956.

127. PINcUS, 0., CHANG, M. C., ZARROV, M. X., Ham, E. S. E. AND MERRIL, A. : Studies of the biological activity

of certain 19-nor steroids in female animals. Endocrinology 59: 695-707, 1956.
128. PINCUS, 0., CHANG, M. C., ZARROV, M. X., Ha.rzx, E. S. E. AND MERRIL, A. : Effects of certain 19-nor steroids

on reproductive processes in animals. Science 124: 890-891, 1956.

129. PINCUS, G. AND KIRSCH, R. E. : The sterility in rabbits produced by injections of oestrone and related compounds.

Amer. J. Physiol. 115: 219-228, 1936.
l29a. PINCUS, G., ROCK, J. AND GARCIA, C. R. : Effects of certain 19-nor-steroids upon reproductive processes. Ann.

N. Y. Acad. Sci. 71:677-690,1968.

130. PINO, J. A. AND HUDSON, C. B. : Duration of sexual retardation in white leghorn pullets and cockerels following

enheptin (2-amino-5-nitrothiazole) feeding. Poult. Sci. 32: 650-655, 1953.
131. PIN0, 3. A., ROSENBLATT, L. S. AND HUDSON, C. B. : Inhibition of pituitary gonadotrophin secretion in domestic

fowl by enheptin (2-amino-5-nitrothiazole). Proc. Soc. exp. Biol., N. Y. 87: 201-207. 1964.

132. PIRIE, N. W. : The biochemistry of conception control. Eugen. Rev. 44: 129-140, 1952/53.
133. PIUOR,J. T. AND FERGUSON, J. H.: Cytotoxic effects of a nitrofuran on the rat testis. Cancer 3: 1062-1072, 1950.

133a. RICE-WHAT, E.: Field study with enovid as a contraceptive agent. Proc. Symposium on 19-nor-progestational

steroids. Searle Res. Lab. pp.78-85,0. D. Searle & Co., Stokie, Illinois, 1957.

134. RIISFIELD, 0.: Hyaluronidase content of testes in rats of different ages. Acts endocr., Copenhagen 31:137-150,1949.

l34a. RINGLER, I. AND KLIMAN, A.: The influence of quinones on the ovarian response of immature rats to gonado-
tropic stimulation. Endocrinology 63: 135-141, 1958.

135. ROCK, J., GARCIA, C. R. AND PINCUS, 0.: Synthetic progestins and the normal human menstrual cycle. R.eoent

Progr. Hormone Res. 13: 323-346, 1957.

136. ROCK, J., PINCUS, G. AND GARCIA, C. R.: Effects of certain 19-nor steroids on the normal human menstrual
cycle. Science 124: 891-893, 1956.

137. ROGERS, H. J. AND SPENSLEY, P. C.: Synthetic polyanionic inhibitors of hyaluronidase. Biochim. biophys. acts
13: 293-294, 1954.

138. ROSEN, F. AND MILLMAN, N.: Anti-gonadotrophin activities of quinones and related compounds. Endocrinology

57: 466-471, 1955.

139. ROSENKRANZ, W.: Uber die Deciduombildung dunch Butazolidin. Z. Biol. 108: 53-57, 1955/56.

140. ROSENFELD, I. AND BEATH, 0. A.: Effect of selenium on reproduction in rats. Proc. Soc. exp. Biol., N. Y. 87:
296, 1954.

141. RUGH, R. AND WOLFF, J.: X-Irradiation sterilization of the female mouse. Fertil. Steril. 7:546-560, 1956.

142. SANTAvY, F. AND REICHSTEIN, T.: Isolierung neuer Stoffe aus den Semen den Herbstzeitloee Colchicum au-

tumnale L. Substsnzen den Herbstzeitlose und ihre Derivative. Helv. chim. acts 33: 1606-1627, 1950.

143. SANYAL, S. N.: m-Xylohdroquinone as an oral contraceptive. A critical evaluation. Acts endocr., Copenhagen,

Suppl. 28: 72-82, 1956.

144. SANYAL, S. N.: Sterility effect of the oil of Pisum satwum. Calcutta med.J. 47:313-327, 1950.

145. SANYAL, S. N.: Sterility effect of the oil of Pisum salivum Linn. Calcutta med. J. 48: 399-404, 1951.

146. SANYAL, S. N.: Sterility effect of Pisum sativum (Linn). Chemical study. Calcutta med. J. 49: 343-347, 1952.
147. SANYAL, S. N.: Sterility effect of Pisum zalivum Linn. Biological study. Calcutta med. 3. 49: 354-359, 1952.

148. SANYAL, S. N. AND GHOSH, S.: Further clinical results with metaxylohydroquinone as an oral contraceptive.

Int. med. Abstr. 18: 101-104, 1955.

149. SANYAL, S. N. AND GHOSH, S.: Further clinical studies with m-xylohydroquinone as an oral contraceptive. Acts
endocr., Copenhagen, Suppl. 28: 83-92, 1956.

150. SCHAR, B., LOUSTALOT, P. AND CRoss, F.: Demecolcin (Subetsnz F), em neues, aus Colchicum Autumnale

isoliertes Alkaloid mit starker antimitotischer Wirkung. Klin. Wschr. 32: 49-57, 1954.

151. SCHILLING, E. D. AND STRONG, F. M.: Isolation, structure and synthesis of a lathyrus factor from L. odoratus. J.
Amer. chem. Soc. 76: 2848. 1954.

152. SEGAL, S. J. AND NELSON, W. 0.: An orally active compound with antifertility effect in rats. Proc. Soc. exp.
Biol., N. Y., 98: 431-436, 1958.

153. SELTE, H. AND FRIEDMAN, S.: The action of various steroid hormones on the testis. Endocrinology 28: 129-140,
1941.

154. SHAVER, S. L.: X-Irradiation injury and repair in the germinal epitheium of male rats. I. Injury and repair in

adult rats. Amer. J. Anat. 92: 391-432, 1953.

155. SHELESNYAK, M. C.: Maintenance of gestation in ergotoxine treated pregnant rats by exogenous prolactin. Acts

endocr., Copenhagen 27:99-109, 1958.
156. SHELEsNYAK, 35. C.: Studies on the mechanism of implantation of the fertilized ovum; a fertility control target.

Acts endocr., Copenhagen 28: 106-112, 1956.

157. SHKLESNYAK, M. C.: Disturbance of hormone balance in the female rat by a single injection of ergotoxine ethane-
sulphonate. Amer. J. Physiol. 180: 47-49, 1955.

158. SHELE5NYAK, 38. C.: Ergotoxine inhibition of deciduoma formation and its reversal by progesterone. Amer. 3.
Physiol. 179: 301-304, 1954.



ANTIFERTILITY SUBSTANCES 171

159. SHELESNYAK, M. C. : Comparative effectiveness of antihistamines in the suppression of the decidual cell reaction

in the pseudopregnant rat. Endocrinology 54: 396-401, 1954.

160. SHELESNYAK, M. C. : The action of selected drugs on deciduoina formation. Endocrinology 55: 85-89, 1954.

161. SHELESNYAK, M. C. : Failure of adrenalectomy to interfere with ergotoxine-induced interruption of early preg-
nancy in the rat. J. endocr., Copenhagen 14: 37-39, 1956.

162. SHELESNTAK, M. C. : Reversal of ergotoxine inhibition of deciduoma by ME. D. or progesterone in spayed, pseu-

dopregnant rats. Proc. Soc. exp. Biol., N. Y. 87: 377-378, 1954.

163. SHELESNYAK, M. C. : Some experimental studies on the mechanism of ova implantation in the rat. Recent Progr.

Hormone Res. 13: 269-332, 1957.

164. SHELLABARGER, C. J. AND SCEATZLEIN, F. C. : Antithyroid properties of 2-amino-5-nitro-thiazole in rats. Proc.

Soc. exp. Biol., N. Y. 90: 470-473, 1955.
165. SIEVE, B. F. : A new fertility factor (a preliminary report). Science 116: 373-385, 1952.

166. SIPERSTEIN, D. M. : The effects of acute and chronic inanition upon the development and structure of the testis

in the albino rat. Anat. Rca. 20: 355-381, 1920/21.

167. SKELTON, F. R. AND GRANT, G. A.: Studies on action of Lithospermum ruderale. Amer. J. Physiol. 167: 379-385,

1951.
168. STAMLER, F. W. : Reproduction in rats fed Lathyrua peas or aminonitriles. Proc. Soc. exp. Biol., N. Y. 90: 294-

298, 1955.

169. STEINBERGER, E., BOCCABELLA, A. AND NELSON, W. 0. : Personal communication.

170. STEINBERGER, E. AND NELSON, W. 0.; Effect of hypophysectomy, cryptorchidism, oestrogen and androgen upon

level of hyaluronidase in the rat testes. Endocrinology 56: 429-444, 1955.

171. STEINBERGER, E., AND NELSON, W. 0.: The effect of furadroxyl treatment and X-irradiation on the hyaluroni-

dase concentration of rat testes. Endocrinology 60: 105-117, 1957.

172. STEINBERGER, E., NELSON, W. 0. AND BOCCABELLA, A.: Personal communication.

173. STERNBERG, S. S. AND PHILIPS, F. S.: Azasenine pathological and pharmacological studies. Cancer 10: 889-901,

1957.

l73a. SUGUIRA, K. AND STOCK, C. C.: The effect of esters of sulphonic acids on the growth of a variety of mouse and

rat tumors. Cancer 10: 596-605, 1957.

173b. SUGUIRA. K.: Studies in a spectrum of mouse tumors. Cancer Res. suppl. 3: 18-27, 1955.

174. SWATHE, V. R., BEILER, J. M. AND MARTIN, G. J.: Spermicidal effect of certain physiologically active substances.
Proc. Soc. exp. Biol., N. Y. 80: 384-386, 1952.

175 THIERSCH, J. B.: Early experiences with antimetabolites as abortifacient agents in man. Acta endocr., Copen-

hagen 28: 37-45, 1956.

176. TNIERSCH, J. B.: The control of reproduction in rats with the aid of antimetabolites. Acts endocr., Copenhagen,
Suppl. 28: 37-45, 1956.

177. THIERSCH, J. B.: Effect of m-xylohydroquinone (mXHQ) on reproduction of the female rat. Acts endocr.,
Copenhagen, Suppl. 28: 46-53, 1956.

178. THIERSCH, J. B.: The effect of 6-mercaptopunine on the rat foetus and reproduction in the rat. Ann. N. Y. Acad.

Sci. 60: 220-227, 1954.

179. THIERSCH, J. B.: Therapeutic abortions with a folic acid antagonist, 4-aminopteroylglutamic acid, administered
by oral route. Amer. J. Obstet. Gynec. 63: 1298-1304, 1952.

180. THIERSCH, J. B.: Effect of certain 2,4-diaminopyrimidine antagonists of folic acid on rat foetus. Proc. Soc. exp.
Biol., N. Y. 87: 571-577, 1954.

181. THIERSCH, J. B.: Effect of o-diazoacetyl-L-serine on rat litter. Proc. Soc. exp. Biol., N. Y. 94: 27-32, 1957.

182. THIERSCH, J. B.: Effect of 6-diazo-5-norleucine (DON) on the rat litter in utero. Proc. Soc. exp. Biol., N. Y. 94:
33-35, 1957.

183. THIERSCH, J. B.: Effect of 2,4,6 triamino-”S”-triazine (TR), 2,4,6 “tris” (ethyleneimino)-”S”-triazine (TEM)

and N, N’, N”-triethylenephosphoramide (TEPA) on rat litter in utero. Proc. Soc. exp. Biol., N. Y. 94: 36-

40, 1957.

184. THIERSCH, J. B.: Effect of 2-6 diaminopunine (2-6 DP): 6 chiorpunine (C1P) and thioguanine(ThG) on rat litter
in utero. Proc. Soc. exp. Biol., N. Y. 94: 40-43, 1957.

185. THIERSCH, J. B.: The effect of alazopeptine on the litterand fetus of the rat in utero. Proc. Soc. exp. Biol., N. Y.

97: 888-889, 1958.

186. THIERSCH, J. B.: The effect of N-desacetylthiocolchicine (TC) and N-desacetylmethylcolchicine (MC) on the rat
litter and fetus in utero. Proc. Soc. exp. Biol., N. Y. 98: 479-485, 1958.

187. THIERSCH, J. B.: Personal communication.

188. THIERCH, J. B. AND PHILIPS, F. S.: The action of 4-amino-pteroylglutamic acid on the early pregnancy of rats
and mice. Fed. Proc. 9: 346, 1950.

189. THIERSCH, J. B. AND PHILIPS, F. S.: Effect of 4-amino-pteroylglutamic acid (aminopterin) on early pregnancy.

Proc. Soc. exp. Biol., N. Y. 74: 204-208, 1950.

190. THOMPSON, R. Q., STURTEVANT, M. AND BIRD, 0. D.: Effect of phosphorylated hespenidin and other flavonoids
on fertility in mice. Science 118: 657, 1953.

191. TULLNER, W. W. AND HERTZ, R.: High progestational activity of 19-norprogesterone. Endocrinology 52: 359-

360, 1953.

192. TmER, E. T.: Comparative evaluation of various types of administration of progesterone. J. cm. Endocr. 15:

881, 1955.

193. UzwER, A., SCHINDLER, 0., SANTAVY, F. AND REICHSTEIN, T.: Teilsynthese des Demecolcins und einiger anderer

Colchicin denivate. Helv. chim. acts 37: 18-34, 1954.



172 H. JACKSON

194. ULBERG, L. C., GRUMMER, R. H. AND CAsIDA, L. E.: The effects of progesterone on ovarian function in gifts.

J. Anim. Sci. 10: 665-671, 1951.

195. VELARDO, J. T. AND HisAw, F. L.: Quantitative inhibition of progesterone by oestrogens in development of

deciduomats. Endocrinology 49: 530-637, 1951.

196. VELARDO. J., RANEY, N. M., SMva, B. 0., AND STURGIS, S. H.: Effect of various steroids on gestation and litter

size in rats. Fertil. Steril. 7:301-311, 1956.

197. VELLUz, L. AND MULLER, 0.: La thiocolchicine. Bull. Soc. Clam. biol., Paris 21:755-758, 1954.

198. WHITNEY, R. AND BURDICK, H. 0.: Tube-locking of ova by oestrogenic substances. Endocrinology 20: 643-647,

1936.
199. WHITNET, R. AND BnwncK, H. 0.: Acceleration of the rate of passage of fertilized ova through the fallopian tubes

of rabbits by massive injections of progynon-B. Endocrinology 22: 639-662, 1937.
200. WIESNER, B. P., Woi.rz, M. AND YUDLIN, 3.: The effects of some antimitotic compounds on pregnancy in the

mouse. Stud. Fertil. 9:129-136,1958.

201. WIE5NER, B. P. AND YUDKIN, J.: Inhibition of oestrus by cultivated Gromwell. Nature, LOud. 170:274-275,1952.
202. WIK5NER, B. P. AND YUDKIN, 3.: Control of fertility by antimitotic agents. Nature, LOud. 176:249-250, 1965.

203. WooDs, M., HOBBT, 0. AND BURK, D.: Synergistic action between a podophyllum extract and sex steroids in

tumour necrotization and glycolysis. Proc. Amer. Ass. Cancer R.es. 2: 168, 1956.

204. ZUCIERMAN, S.: Physiological control of population growth. Nature, LOnd. 117: 58-60, 1956.




