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INTRODUCTION

The search for a satisfactory test for the diagnosis of pregnancy has
continued through the centuries. Henriksen (1) reviewed the major
resulting contributions, meost satisfactery of which have been holeogic
tests, the Ascheim-Zondek using immature female rats and mice and

the Friedrman which empleys mature female rabbits. The basis for these
procedures. is the action ef chorionic gonadotropin (present in preg-
nancy urine) producing hyperemia, maturation and rupture of covarian
follicles in the test animal,

The use of amphibis in determinmtion of pregnancy was intreduced in
1934 by Bellersy (2), who observed that the female South African
élawed toad, Yenopus laevis, on injection of pregnency urine, releases
large quantities of eggs within 6 to 15 hours. In 1947 Gelli-Mainini
(8) reported that the male tead, respends to urinary chorionic gonad~
otropin by the release of spermatozea, in as short a time as one
hour following injection. Shortly thereafter Robbins and Parker {4)
and Wiltberger and Miller (5) published the use of the common North
fherican grass frog, Renapipiens. Subsequently the world literature
has been replete with articles, reporting mechanism of action, use
of differing species ef amphibia, varying techniques, accuracy per-
centages, analysis of false responses, differentisl diagnosis of
pathologic conditions-and comparative studies with parallel use of
other biologic tests.

This paper reviews the more important contributions, presents ti)e
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author's personal series, and attempts an analysig of the errors in
diagnosis. Suggestions for avenues of further study are offered and
a method of performing the frog test *, designed to achieve the max-
imun reliability, is presented,

Partial reviews of the literature may be found in publications by
Galli-Mainini (€) and Thorborg (7).

* Through common usage in this country, the term "frog test® seems
te have scquired an all-inclusive acceptance, regardless of the
species of amphibian used, In this sense it will be used in this

paper,



MATERIAL AND METHODS

Basically the technique of performing the frog test is simple. The
substance to be tested is injected into the dorsal or lateral lymph
sac, or tie injection may be intraperitoneal. Subsequently, the
cloacal secretion is examined for the presence of spermatozoa, which
finding ccmprises a positive response. Many factors, however, con-
cerning the test animal, injection technique end the test substance

must be considered.

A. THE TEST ANIMAL

1. SPECIES
A great variety of amphibian species have been used in the frog
test for pregnancy diazgnesis, Galli-Mainini (3) and Farle (8) used
the large male Bufo arenarum and Bufo marinus, respectively. The
first North American investigators (4, 5) obtained gocd results with
the leopard frog Rana pipiens. Later, McCallin snd Whitehezd (9,
10) and Soucy (11l) introduced several smaller species of toads.
Thorborg (7) reviewed the literzture in 1950 end reported the use
of & large number of species in many countries. This author con-
siders the male Xenopus laevis unsuitable beczuse of the many false

positive and spcontaneously positive reactions which have been observed,

2. SEASONAL VARIATIONS
Soucy (11) and Samson (12) called attention in 1950 to the existence of
a seasonal variztion in the response of Rana pipiens to chorionic

hormone stimulation. They noticed that during the summer months the



eccurzcy of the frog test was much diminished due to an increzsed
incidence of false negative rezctions. At the seme time Soucy found
that three species of toads, Bufo cognatus, Bufo smericenus snd
Bufo terrestris gave consistently correct results with the same
srecimens which were producing fzalse negatives in the leopard frog.
Holyoke and Hoag (13) through studies with preparations of hormones
of known strength, found thet the male Rana pipiens undergoes & 10-
fold decrease in reactivity to choricnic gonadotropin during the
summer months. Jeffree (14) feels that the toad is less sensitive
during the fall and winter months. Thorborg and Hansen (15) found
thet Bufo hbufo reguires 2-% times as much chorionic gonadotropin to
produce a response in‘August as it does in March., Reinhart and co-
workers (18) noted that the male Rana clamitans (common North
Americen weter frog) rescts just as well to hormone stimulation

during the summer as does Rana pipiens during the winter,

3, INDIVIDUAL CHARACTERISTICS
The selection of the test animal is wased primarily on sex. The msle
frog is charsacterized by the presence of prominent clasping digits
and pads on the forelimbs, and vocsl air sacs on the neck., The male
toad is recognized by its croak and the dark pigmentetion on its

throat.

Beight of the animal is considered important by Reinhart et al (16)
who found that frogs weighing more than 41 gm failed to regpond to
0.8 mg, of a crude gonadotropic powder, whereas test animals of 30-
40 gm. did respond, However, Haskins end Shermen (17) used frogs

4



weighing 28-50 gm. in their technique for guantitative bioassay of

chorionic gonadotropin. Galli-Mainini (3) used toads weighing 100
or more grams while those used by Earle (8) were 150-200 grams.
These two investigators injected 10 ml., of urine while the usual
emount initially used with smeller emphibia was 5 ml, Bieniarz (18)
used a quantity of urine equivalent to 1/20 of the weight of the
test animal, while Hodgson (1®) recently reported using one ml. of

urine per 10 grams of body weight.

4., REPEATED USE OF ANIMALS
Greenblatt et al (20), McCzllin and Whi£ehead (10) and Holyoke and
Hoag (13) have observed that repeated use of frogs and toads, which
have given positive resronses, apparently results in decreased sens-
itivity to the stimulating hormone. That this refractoriness is due
to depletion of the spermatozoa has been shown histologically by
Bieniarz (18), A further complication of the use of previously
positive rezctors is the presence of residusl sperm. Therborg (21)
found that 2 high percentage of positive resronding toads stored in
the cold continued to excrete spermatozoa even after‘24 days. If
left at room temperature, all of the snimals were negative after 8
days. We have observed on several occasions, that although the initial
check of a used positive refrigerated frog was negative, examinations
subsequent to exposure to room temperature for & short period of time
revealed the presence of spermatozoa in the clo:zcal secretion, For

these reasons we disgard all positive test euimals.,

Hodgson (19) hes stressed the importence of the initial check of all

5



test animals for spermatozoa., Three times while doing 150 tests,
she found spermatozoa in unused frogs. Of some 800 odd tests we
have performed spermatozoa have been found in fresh test animels
only 4 or 5 times, That such a vossibility exists, however, warrents

a csreful preliminary check of all test snimals,
5, TEMPERATURE

Another factor which has been given some consideration is the matter
of temperature. Reinhart znd his co-workers (16) claim that if the
emchibia are kept at 15-22 degrees Centigrade during the test, an in-
creased number of spermatozoa will be released and more reliable
results obtained, Most workers have meintained the animels at room

temperature with apparently egually good results,

6., STORAGE
The laborstory storage of amphibia is a relatively simple matter,
Hodgson and Taguchi (22) and Glitz and Miller (23) feel that refrig-
eration is an essential factor for obtaining a valid test. The
latter authors state that dehydrated animals may give a false pos-
itive reaction on injection with large guantities of liguid. The
animals may be kept in large groups or may be seperated intc individ-
ual contziners. The major measure is to provide sufficient moisture,
This may be done by adding 1/8 to 1/4 inch of wster to the container,
More then this is not necessary. This water should be changed at
least every other day to prevent the accumulaticn of waste products

which may prove toxic to the asnimels. Formen (24) keeps his toads



in the refrigerator on moist paper in individual containers.

We prefer the method of Gardner and Herris (25) of storing frogs in
a covered enamel refrigerator pan with pezt moss covering the bottom
of the pan and just enough water to thoroughly wet the moss., We
store our unused frogs in this manner and used negeative &nimels are
replaced in the refrigerator in individual covered glass conteiners
with just sufficient water to moisten the inside of the élass. The
rans are cleaned every 2 weeks to receive a fresh group of frogs.

No food is required for the animals as their metebolism is depressed
under refrigeration, Lehmen (28) reports using chloromycitin
palmitate to combat "red leg" in frogs. ¥e have encountered no
difficulty with this infectiocn using the above described storage

conditions,

B. TECHNIQUE

The originel technique of injecting unaltered urine was soon found
to be not entirely satisfactory. Numerous investigators (9, 13, 20,
27) have commented on the death of injected frogs, apparently due to
the presence of toxic urinary excretory products in the specimen.
This not only invalidated the tests but required obtaining a second
specimen with ccnsiderable time deley, 2Another disadvantage of this
methed, is a relatively high incidence of false negative responses.,
There are probably two factors resronsible for this, First, the
chorionic gonadotropin titer is low during the first month of preg-
nancy and sagain during the last two trimesters (17, 20, 28, 29, 30).

Bromberg et al (31) encountere? an incidence of 74.3% fzlse negatives



in tests run prior to the tenth day pesst the expected menstrual
period, while there were 34.6% false negatives after the fourth
month of pregnancy. Gardner end Herris (25) noted an incidence

of 53% false negatives during the lest two trimesters,

The second factor responsible for false negatives is the season-
&l veriation in frog response as discussed above. Several workers
have used less than 5 ml, of urine and have thus avoided toxicity
to the test animals, but in so doing have apparently increased
their incidence of false negatives through lowering the amount

of injected hormone (25, 31, 32),

Cutler (%3) in 1849, and Samson (12) in 1950, in order to circum-
vent these disadventages, suggested the use of the Scott (34)
concentration method (Appendix A), whereby the toxic elements

are eliminsted and the quantity of hormone available for inject-
ion in small volume is greatly increased, Loraine (28) and
Dekanski (35) found this proeedure, utilizing keolin (aluminum
silicate) to adsorb urinzsry gonadotropins, to be sn efficient
method providing yields as high or higher than those obtained

by other methods. Cutler (33) stated that this method might lead
to the production of false positive reactions in mencpausal spec-
imens with high titers of follicle stimulating hormone (FSH).
However, Bradbury and co-workers (36) failed repestedly to re-
cover pituitary gonadotropin by this method =nd they conclude

that the pituitary gonadotropin is easily and rapidly destroyed



by the sodium hydroxide used in the procedure.

Reinhart et a1l (18) prefer the use of the cold acetone method
(Appendix B) in extraction of urinsry gonadotropins. In their
hends this method has resulted in a higher accuracy than has the
kaolin technigue, Levey and Putnam (37) have introduced the use
of Amberlite XI-96, en ion exchange resin (Appendix C). TWhile
this procedure de-~toixifies the urine, it is not a concentration
technique and therefore does not solve the problem of false neg-

ative responses.

The use of blood serum was reported by Haskins and Sherman (17,

29)., FEach of two frogs is injected intraperitoneally with 3 ml,
of serum from centrifuged blood. The retionele behind this pro-
cedure is twofold: First, the Serum is apparently devoid of the
toxicity associated with urine; and second, the chorionic gonad-
otropin titer is 10-15 times higher in serum then in urine (29),
Hodgson (19) has adopted the serum method and claims excellent

results,

Regardless of the test substance used (urine or serum), or the
method of injection, examination of the clozcal secretion is

made over & period of 2 hours following injection. If uneltered
urine is used, it is probably best to continue examination for &
total of 2-4 hours. Galli-Mainini (6) revorted that 100% of the
reections would occur within a space of 3 hours following injection,
Robbins and Parker (38) state thet if en adeguate stimlating

9



dose is injected (using Rana pipiens) spermatozoa will appear in
the cloacal fluid 15-20 minutes later and the reaction becomes max-
imel in 1-2 minutes, We have found thet in a high percentage of

cases spermatozoa appear 10 minutes following injection,

10
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PRODUCTION OF THE GAMYTOKINFTIC RESFGNSE

A. SUBSTANCES PRODUCING RESPUNSE

Houssay, et al (39) in 1929 reported that injection of anterior
pituitary extracts would produce very rawid relezse of spermatozoa
in the male toad. As menticned above, Galii-Mainini (3) rerorted,
in 1947, a similar response te the injection of pregnancy urine.
In 1949 Li and Chang (40), Hingleis and Hingleis (41) and Robbins
and Parker (42) published evidence that Adrenzlin causes gemeto-
kinesis (releasse of spermatozoa) in several species of meale frogs,
whereas mele toads of the Bufo genus are not sensitive to this

substance,

Clark et al (43) in 1851 reported the response of the mzle Rana
pripiens to levo-epinephrine and levo-arterenol, ZFearlier the same
workers, Greenblatt et al (44) used various commercial hormcne
preparations, including pituitary extracts, purified FS8H, combin-
aticns of anterior pituitary and choricnic gonadotropin, pregnant
mare's serum, prolactin and interstitial cell stimulating hormone,
obtaining the release of spermatozoa with each substance., Sulmen
(45) in 1951 produced tne gametokinetic response with adrenal
cortex extracts, but felt this was prosably due to contamination
with medullary epinephrine, Robbins snd Parker (46) also obtained
the response, although inconstantly, to agueous adrenal extract
and to dehydroisoandrosterone from the adrenal gland, as well as
to agueous Androstine A from the testes. In their study, alcohol-

11



precipitated menopausel urine, pituitary snd urine gonadotropins
and epinerhrine invariably csused the release of spermatozoa,
whereas estrogens and progesterone were invariably negative in

sction,

Other substances which have been shown to be gametokinetically
inactive zre prostigmine, histzmine phosphate, dexedrine, neo-
synerhrine and ACTH (44). Li and Chang (40) obtained no response
with ephedrine. Robbins and Parker (42) noted a sezsonal variation
in the Rana pipiens reacticn to Adrenalin, no response being ob-
tained during the summer months of June, July and August., Xenopus

laevis, however, reacted all year around to this substance.

B. HECHANISH OF ACTION

1, ANATONY
The kidneys of the male frog consist of a pair of flattened,
elongated bodies, lying in the retroperitoneal space just anterior
to the cloaca. On the ventral surfaces of these structures are
located a pair of smell, bean-shaped testes., Connecting the two
orgzns &are slender ducts, the vasa efferentia, through which sperm-
atozoa pass from the testes into the kidney tubules., ( Note:
Thorborg has demonstrated that in Xenopus lzevis and Bufo bufo
spermatozoa reech the kidneys not only via the vasa efferentia
but alsc by a direct extracanalicular passage whereby the sperm-
atozoa penctrete the capsules of both testes and kidneys, pazssing
through the lymph and blood sinuses surrounding these structures.
This apparently represents a more primitive mechanism than that
found in Rana esculenta where the tubules are further developed

12



and no extracenslicular passege of sperm was observed.)

'From the kidneys spermatozoa and urine are transported by a common
duct into the cloaca, A thin-walled bladder lies ventral to the
cloaca, its opening being opnosite the ureteral apertures., The
urine and sperm thus enter first into the cloaca, then are either
expelled to the outside or passed into the bladder for temporzry

storage,

In the amphibian the =zdrenal gland is also located on the ventral
surface of the kidney as a yellow longitudinal strip in intimate

contact with the kidney structure.

2, PHYSICLOGY
Galli-iainini (48) in 1948 stated that "gonadotropic administration
stimulates the interstitisl cells and spermatogenesis and produces
detachment of spermatozoa from the Sertoli cells," Whether this
is a direct acticn on testicular tissue or an indirect stimulation
via the pituitary and/or adrenal mechanisms is not yet clesrly
determined, The positive response to both adrenal and pituitary

factors implies the possible involvement of these glands.

Clzrk and co-workers (43) found that they could block the male
frog restonse with several adrenclytic drugs., Of those used
Bencdrine hydrochloride was the most effective. The adrenolytic
agents were &dministered 30-60 seconds prior to injections with
chorionic gonadotrovin, anterier pituitary hormone, human pregnancy

urine, levo-epinephrine, levo-arterenocl and epinephrine hydrochloride,

13



They felt that this evidence suggests an epinephrine activation

of an adrenotropic receptor in the sperm ejaculatory apparatus of
the male frog. Sulman (45) attempted adrenalectomy in Rane pipiens,
Bufo viridis and Hyla arborea by cauterization of the adrenal glend,
Foliowing this procedure he fcund no interference with the gsmetes-
kinetic respcnse to chorionic gonadotropin and therefore concluded
that no hormonal relationship exists between epinephrine ejaculation
end gonadotropin ejaculation. Robbins and Perker (78} ruled out

the possibility of neurs! pathway involvement by destruction of

the centrel nervous system and transsection of the spinal cord with
no inhibition of response resulting. Likewise, hypophysectomy
failed to inhibit the release of spermatozoa., By direct injection
into either testis or adrenal a response was obtained with 1/4 the
guantity of chorionic gonadotropin reguired subcutaneously to produce
a respense, These workers feel thét the adrenalin response is
mediated through the production of cortical steroids which probebly
act on the testis secondarily, while the gonadotropin response is
due to direct action of the hormone on the testis. The evidence
thus points tc two mechanisms which are not necessarily related.
Further support to the direct action of gonadotropins on the testis
is the work of Burgos and Mancini (49). These investigators culti-
vated testicular tissue from Bufo arenarum "in vitro" and were able
to 2licit complete release of spermatozoa by the addition of 0.5 I.U.

of cherionic gonadotropin.

14



C. CHORIONIC GONADOTROPIC HORMONE LEVELS

1. NORMAL PREGNANCY
Loraine (28) in 1950 published her estimetions of the varying
levels of urinary chorionic genadotropin in normal pregnancy.
Using the first day of the last menstruel period as day "O", she
found that from the 4Cth to the 80th days, 20,200 to 40,000 I.U.
were elimineted in the urine cver a 24 hour period. The titer
drops rzpidly and from the 100th day to term the normel range is
4,000 to 11,000 I,U. per 24 hour specimen. By the third postpartum
day the hormone level was found to have dropped below 1,000 I,U,
per 24 hours. The guantitative studies in this series were based
on the prostate weight increase in the male ret. Smith and co-
workers (%0) using the rat uterus and ovary response to chorionic
genedotropin, found that from day 24-40 1,000 to 5,00C I.U. aprear
in the 24 hour specimen of urine. Immediately after day 42 there
is a sharp increase in the level reaching a maximum of up to 453,000 I.U.
at day 70. Serum levels during the 24-40 day period were estimated
to be 10-50 I.U, per m.l. of serum. These workers observed that
the most frequent time for the appearance of chorionic gonadotropin
was cn the 2%rd day of the cycle or approximately S5 days before the

first missed menstrual period.

Haskins and Shermen (17) in 1949 published a gusntitative bioassay
method for chorionic gonadotropin determination, using the male frog,
Ranea pipiens. They established & curve relating the time reguired for

the gemetokinetic response to the dosage of hormone. In 1952 these
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workers (5C) reported a normel range of 10-120 I,U. of chorionic
gonadotropin per ml, of serum with the peak at the 62nd day, a
rapid decline in titer tc the 154th day, followed by a slight

continued rise until the termination of pregnancy.

From the above data it will be noted that the minimum 24 hour
urinary excretion of cherionic gcnadotropin during normal pregnancy
is in the neighborhoed of 1,020 I.U. Assuming the average 74 hour
excreticn of urine to be 1500 ml, we czn expect tc find a minimum
of 0.67 I.U., of hormone per ml, of urine., Likewise we note from
these workers that the minimum titer of chorionic hormone in the

serum is 10 I,U. per ml, These data are summarized in Table T.

Table I. Normal Pregnancy Levels of Chorionic Genadotropin

in Urine and Serum (International Units)

Author Day of Pregnancy Cycle
24 - 40 47 - 90 30 - 120 1380 to Term

URINE (per 24 hours)
Smith (30) 1000 - up to 2000 - J—

5030 450,000 15,090
Loraine (28) 20,000 - 4,000 -

40,500 11,020

Minimum I.U. 3,68 13.8 1.U. 2.7 T.U.

per ml. urine*

* Assuming average daily urine output of 1500 ml.

SERUM (per ml.)
Smith (20) 10 - 50 Variable 10 - 10D
Haskins (50) 10 to 120

Minimum I.U,
per ml, serum 10

18



The male toad has been reported to respond to minimum guentities

of chorionic gonadotropin varying from 2 I.TU. to 12.5 I.U. (15, %1).
Haskins and Sherman (17) assigned to the frog unit a value of 35 I.U,
of chorionic hormone, on the basis that 100% of Rana pipiens would
respond to tihis desage. Semson {12) found that this enimal would
respond tc*between 2 and 5 I.U., du;ing the fall, winter and scring,
but required 10-20 I1I.U, of chorionic gonadotropin in the summer
menths, Holyoke and Hoag (13) found that Rana pipiens would not
react to as much as 80 I.U, duriné the month of August, whereas in
October 1204 of these animals gave a positive response to 20 I.U.
Reinhart et al (16) report that Rana clamitans responds to 0.8 mg

of chorionic gonadotropin (8.0 I.U.) in July.

Correlating the sbove data, we may roughly concluie, providipg either
the toad or Rana clamitans is substituted for Rana pipiens from May
through September, that the frog test will be sensitive to Z5 I.U.
of chorionic gonadotropin the year around. To assure the presence
of 35 I.U, in the injectate, a minimum of the eguivalent of 50 ml.
of urine* shouls be used during the 24-40 day period of esrly preg-
nancy. During the same periocd 3.5 ml, of serum should be adecuste
to elicite a positive response in the presence of normel pregnancy.
The remzinder of the first trimester a minimum of the eguivalent
of 3 ml, of urine should be used and during the last two trimester
the euuivalent of Z0 ml,., of urine should produce a positive respense
in the presence of a normal pregnancy.
* It is generally accepted that the specific gravity of the urine
specimen be et least 1.J10.
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2. PATHOLOGIC CONDITIONS
The level of chorionic gonadotropin is variable in abnormal
pregnancy such as ectopic pregnancy, zbortion, diabetes and
toxemia, and in such conditions as hydatidiform mole and
cherionepithelioma, which must be considered in differential
diagnosis. The results of the frog test must be evaluated

accordingly.

Bromberg and co-workers (%1) reported an incidence of 88%
negative responses in conditions of ruptured ectopic pregnancy.
Heskins and Sherman (28) found that 50% of the proven ectopic
pregnencies in their series were characterized by negative frog
tests, while Holyoke and Hoag (13) obtained a 43% incidence of
negatives. In the series reported in this paper 4 ectopic
pregnancies were encountered and a negative test was obtained

in one case. The remaining three cases were weakly positive.

The titer of chorionic gonadstropin decreases in pending

abortion (51) and if it persistently falls between the fourth
and twelfth week of pregnancy, inevitable abortion is probable
according to Bieniarz (18) and Hartleb (52). Bieniarz states
that a persistent negative after a falling intensity indicates

the death of the fetus.

An increese in chorionic hormone titer has been noted by Loraine
(#8) to occur during the last two trimesters of pregnancy in many
cases of diabetes, pre-eclamptic toxemiszss znd essential hypertension.

Haskins and Sherman (50) in their quantitative studies using the
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frog, also reported increased chorionic gcnadotropin titer in

eclampsie as well as in a case of enzygotic twins.

Choricnic gonadotropin is produced ordinarily in greatly increased
amounts in cases of hydatidiform mole and choricnepithelioma.
However, Thompson et el (53), Acosta-Sison (54) and Mueller and
Lapp (55) have reported that early cases of choriocnepithelioma
mey be characterized by negative biclogic tests. Lehman (26)
reports a case of chorionepithelioma in which a positive test

was obteined using 0.001 ml. of urine and Haskins and Shermen (50)
in a case of this type report a 1,820% increese over the average
level of choricnic gunadotropic hormone for normal pregnency.

The same authnors found & 233 to 6,500% greater chorionic hormone
titer in hydstidiform mole than in normal pregnenecy. With
hydatidiform mcle, Hodgson (13) owtained a positive test in

1/707 dilution and Eerle (8) 4id so with ©.85 ml. of urine in
dilution, Hartleb (52) feels that a pcsitive test with 0,02 ml.

of urine is suggestive of a mole.

Lehmen (26) noted thet tests remained positive for several weeks
foillowing the removal or passing of a mole, Minet and coc-workers
(56) suggest that tests should be run weekly after the expulsion
of = mole and further state that &n increase of gonadotropin lesvel
after ean initial fall, or a level higher after one month than that
at the time of explusion, is definite proof of complicsztions, such

as recurrence or development of s chorionepithelioma.
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%, GUANTITATIVE STUDIES
That quantitative studies may be of definite value on differential
diagnesis is readily discerned from the above data. Hartleb (52)
describes a rough gusntitative test using 13, 1-2, 0.7, 0.5, 0.2
and 0,02 ml, of urine. He finds that the first 5 stages are usually
positive in normal pregnancy while a decrease in the number of
positive stages or repeated negative responses in the 4th and 5th
stages are suggestive of inevitable abortion. As noted above this
investigator fee~ls that & positive response with 0,02 ml, suggests
a possible mole. This Lype of test is practical, but beceuse of
species and seasonal variations in response, the interpretation must

depend upon experience with the particular species used.

The cuantitztive bicassay method for chorionic genadotropin deter-
mination developed by Haskins and Sherman (17, 50) based on tie
relaticnship between the dcse of hormone and the time regquired for
respcuse may be used if precise knowledge is desired. 1In order to
accommodate this method to the seascnal variation ¢f the Rana pipiens
frog standerdized curves are made freguently throughout any prolonged

study.
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ACCURACY

In order to more effectively evaliuate the varied accuracy
percentages reperted with the use of the freg test for pregnancy,
the reports azre piaced into four categories (Table II), two of
which are concerned with the use of unaltered urine, the third
with concentrated urine and the fourth with the use of serum,

The accuracy achieved with the frog (primarily Ranz pipiens),
using unaltered urine is 37.5% as compsred with 95% for the

toad, 97.5% with concentrated urine (again primarily Rana pipiens)

and 97,3% using serum.
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Table I, Accuracy Percentages of a Random Selection of Frog Test Reports Separated into Four Groups
on the Basis of Technique,

AeeUsing Unaltered Urine Injectate No, of False False Total Perdent
Tests Positives Negatives Errors Accuracy

Croup I - Frogs

Rana esculenta (18) 1/20th wt

of frog 92 0 5 5 6%
Rana pipiens (63) 1.0 ml, 108 0 21 21 81,0%
Rana pipiens (25) 2,5 ml, + 256 0 112 112 56437
2,5 ml,
Rana pipiens (20) 5.0 ml, 323 2 8 10 964 9%
Rana pipiens (59) 5.0 ml. 300 1 12 13 96 0%
Rana pipiens (5) 5.0 ml, 200 0 0 0 100,0%
Total - 75 161 “B7.5%
Group Il - Toads .
Bufo bufo (65) 3 -5ml, 815 3 8L 87 89,L%
Bufo marinus (8) 10,0 ml, 850 - Lo Lo 95¢3%
Bufo americamus (2L) 2,5 to 268 0 5 5 97.9%
3.0 ml,
Bufo arenarum (6) 10,0 mle 3156 0 60 60 98,2
Bufo arenarum (1) 2,0 ml, 205 - - 76 63.0%

Total - Ly 268 §§:5%
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Be Using Concentrated Injectate No, of
Urine (urine equivalent) Tests
Group III - Frogs
Rana pipiens (33) 20,0 ml, 200
Rana pipiens (6l) 50,0 ml, 11
Rana pipiens (57) 30,0 ml, 20 7

60,0 ml,
Rana pipiens (22) 20,0 ml, 87
Rana pipiens and 10,0 ml, 1191
Rana clamita ns (16) 5.0 ml, _
Total = 1619

C. Using Blood Serum
Group IV - F%ogs
Rana pipiens (19) 1,0 ml, per 100

10,0 g. wt,
Rana pipiens (29) 3,0 ml, 800
Total - 900

Table I, (cont'd)

False
Positives

False
Negatives

Total
Errors.

£

¥ v »
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Percent
Accuracy

99,0%
93, 1%

90,0%

97,77
99.,0%
“97.6%

99.0%

97+0%
97e3%



ANALYSIS OF
FALSE RESPONSES



ANALYSIS OF FALSE HESPONSES

Consideration has been given in the section on materials and
methods, te the factors of species and seasonal variaticn and

the repeated use of the test animels as contributing to false
responses. Also mentioned has been the metter cf using unaltered
urine in guantities which contain insufficient hormone to produce
the gametokinetic response. Thus the factors in regard to the
test animel enéd to the technigque of performing the test have been
covered. A third fszctor, and one which is not as readily correc-
tible, is the patient. Speaking generally, the factors of test
animal end technique are primarily concerned with false negative
responses. The patient, on the other hand, contributes mainly

to the false positive responses.

Ovarian pethology has been incrimineted several times in non-pregnant
patients whose urine has préduced & positive frog test. ILehman (268}
reports obtaining twelve positive tests cver a pericd of sixteen
weeks on a patient who subsesquently had an ovarian cyst removed.
Following surgery the test became negative. Bromberg et al {31)
performed frog tests on four patients with corpus luteum cysts.

Two of these tests were positive and two gave negative responses.
Msuse (57) hed a false positive reaction with a specimen from a
patient with a large paraovarian cyst, and Greenblatt et al (20)
report positive frog tests in one case of salpingitis with an

ovarian abscess and aiso in a case of multiple mucous cyst
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adencmate of the overy. These investigators suggest the possible
destruction of overian tissue leading to increased production of

FSH which then resuits in & false positive test,

The high titer of FSH in menopzusal urine heas 21so been suggested

by Cutler (5%) es a possible scurce for false positive reactions.
Hodgson (12) reports two cases of weak felse positives in pastients
aged 44 and 52 years that mey fit into this category also. Thorborg
(15), however, on the basis of feilure of toads to respond to as
much as 20 mg FSH preparation, states that it is ™unlikely that
menopeusal urine will cause false positive spermiation reacticns."
Philiips (58) states that he has obtained positive responses con-
sistently with 25 I.U. of FSH (Gonedophysin). Clearly, this area

of possible felse positives needs further investigstion.

Another source of false positive reactions which remains c¢bscure
lies in patients who exhibit jaundice. Robbins and Parker (59)
first reported, in 1949, false positive tests on twco patients with
icterus. Sobel &nd Fdelmen (60) obtéined positive frog tests in
nine out of twenty-one patients with jaundice. The positive reactors
included five m&les and four females., The substance responsible for
these false positives has not yet been identified, but is described
as being apparently lebile as the activity diseppeared if the sub-
stance were kept on ksolin for several days. Lehmen (26) ran tests
on fourteen patients with hepatitis and three with obstructive
jaundice but failed to get a positive respcense, This too represents

a field for further investigation., Possibly the answer lies in the



precence of sufficient damege to the liver te render it unzble

to de~toxify pituitery gonadotrepins.

Elsewhere in this paper the gametokinetic response to Adrenalin

is discussed, Greenblatt et al (44) hzve repcrted the case of a
petient with myxedemz tc whom an infusion of 1.5 mg. of epinephrine
was given as a test of pituitary insufficiency. Fifteen minutes
later a urine specimen was ¢btained which produced & positive frog
test. This suggests the possibility cf obtaining a positive test
on urine in the presence of a pheochromccytoma. Van Fuler (61)

has stated that in this condition the daily urinery excretion of
Adrenslin and noradrenalin increased frem normal velues of 10 and

20 micrograms to figures 10-50 times as high.

Other false positives that have been reported include cne 22 year
old single female with & large fibroid (19), one patient six months
postpartum, not yet menstruating and several pessible early

agborticns (56, 57).
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AUTHCR'S SERIES

During the period from September 1850 to June 1857, the author
performed 872 frog tests for pregnancy diagnosis. Of this number
387 cases have had complete follow-ups., P£1l% tests gave a positive
response, 172 were negative. The break-down of these tests is
listed in Teble III., Negative tests in cases of abortion and

ectopic pregnancy were not considered erronecus,

A. HMATERIALS AND METHODS

Rana pipiens frogs were used exclusively during the first yeer,
inciuding the summer months of 1251. It was noticed during June,
July, August and September of that year that the response to
pregnancy urine was very weak in spite of the fact that the

kaclin extraction was used throughout (see Appendix 2). There-
after, the Rana clamitans frogs were used during the summer months,
beginning abcut iay 15 and cocntinuing until the end of September.
Occasionally, if the clemitans frogs were nct available, Bufo
americanus was substituted., All of the test animals were procured
from two bielogical supply hcuses in Wisconsin and Minnesota. The
method of storing the animals hes been described under the major

section on materisls snd methods above,

Initially, both positive znd negative frogs were reused following a
rest of at least one week. It was soon noticed, however, that
reusing positively reacting frogs was unsatisfactory and this practice

was discontinued. We have continued to re-use negetively responding
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Table III Breakdown of %87 Tests for the
Diagnosis of Pregnancy

Proved Positive Tests

Delivered at term

Autopsy, 4 months gestapion
Subseguent aebortion
Ectopic pregnancy
Chorionepithelioma

Hydaetidiform mole

Proved Negative Tests

Clinically nct pregnant
Aborticns
Intrauterine fetal desth

Fctopic pregnancy

False Positive Tests

False Negative Tests

Tetal Tests

28

143

o

52

(W]

155

10

202

184

18

=87



frogs one or two times up to the present time, but always in con-

junction with the use of cne fresh frog.

The only request made in regard to the urine specimen was that it
should be at least 100 ml. in guantity. However, all specimens
were accepted, providing they were at least 20 ml. in guantity.
No consideration was given to thz time of day coliected nor to the

specific gravity.

The specimens were extracted, as indicated above, by a modification
of che Scott technicue {Appendix A). During this procedure the
test animals were removed from the refrigerstcr, placed in covered
clean glass containers and checked for the pcssible presence of

spermatozoa prior to injection.

The injection technigue is as follows using a 5 ml. Luer-Lok syringe
and a 1 inch 25 gauge needle. The frog is grasped in one hand with
tiz: Jingers wrapped arouné the hind legs and the thumb pressing on

the back of the thighs so that these extremities are held in complete
extension., In this manner the frog is very easily controlled. The
needle is inserted just through the skin of the thigh about 1 cm
distzl to the torso., The needle is then directed cephalad and medisd
tc pess through the posterior boundary of the dorsal lymph ssc. One
helf of*the total extrsct is injected into each of two frogs. Swellimr
of the entire dorsal lymph sac is noticad as the injectate is intro-

duced.



examined at intervals of 3 hour for a period of 2 hours. One

group of 52 positive reactors was examined at 10 or 15 minutes as
well as at 30 minutes. &1 of the tests were positive within the

15 minute period following injection. 7 additional tests had
responded by Z0 minutes and 14 4id not respond until after 30 minutes,
In no cases were positives observed to occur after 2 hours, and in

no instance has a positive been observed in less than 10 minutes

following injection.

Examination of the frog is carried out in the following manner,
The thumb and forefinger of each hand grasps a hind limb and folds
it up along the lateral body wall. The cloacal orifice is then
pleced zgainst a glass slide and almost 100% of the time a drop

of secretion will be extruded. In the case of the toad, it is
necessary to insert & pipet into the closca and thereby remove a
drop of secretion., The secretion is examined under the microscope
with reduced light for the presence of motile, banana-shaped dark

rods., Occasionally there will be no motility exhibited.

The response is roughly graded from one plus to {our plus. A

one plus represents a response charascterized by the presence of

e maximum of 5 sperm per low power field, This is considered a

very weak response., A low power field containing from 6-20 spermatozoa
would be reted a two plus or a relatively weak respcnse. A grading

of three plus indicates that the low power field is fairly well

covered with spermatozoa znd a four plus grading is conferred on

the response characterized by actual crowding of the microscopic field,



A three plus or four plus respcense is to be expected at any stage
of pregnancy follewing the 4Cth day of the menstrual cycle. In
our series 15 positive tests were performed prior to the 40th
menstrual cycle day. Of these 12 or 807 were characterized by the
presence of a three plus response. Galli Meinini (6) has revcrted
correct positive results in 2% patients with esmenorrhea of 4-10
days duration, Hodgson (19) states that a positive frog test may
result as early as the 30th day of the menstrual cycle. Two well-
documented cases in our series resulted in positive responses on

the 26th and 3lst cycle days respectively.

B. ACCURACY

Tae over-all accuracy of this series is sumsarized in Table IV.

18 false responses occurred in 387 tests; the accuracy therefore

is 95%. 5 of the 18 false responses occurred during the summer
nonths of 1951 when the meore refractory Rans pipiens were being
used., If we temporarily eliminate from the series &ll of the

tests performed during this pericd of June through September, 1981,
we find that of a total of 3359 tests there were 1% false resnonses
or an accuracy of 96.2%, which figure presents a more valid picture

of the expected results as the test is currently being performed.

Table IV. Over-all Accuracy of Results

Period Total No, False False Percent
of Tests Positives Negatives Accuracy

Sert., 1950
to 387 10 8 95%
June, 1953

Sume, eliminating
June, 1951, to 33 10
October, 1951*

[

96.2%

# Period when Rana pipiens used during summer months.
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A comparison of the tests performed during the summer of 1951 using
Rana pipiens, with those performed during the summer of 1952 when
Rana clamitans were employed, is shown in Teble V. 5 false negatives
were obtained in 48 tests using Rena pipiens. The following yesr
only one fealse negative occurred using Rana clamitans. One false
positive was alsc noted with the latter group. The accuracy there-
fore using Rana clamitans during the summer months was 95.7% as
compared with 89,6% for the Rana pipiens during a similar peried.
This comparison bears cut the advisibility of substituting a more
sensitive animal for Rana pipiens during the summer, in addition

to taking the preczution of ccncentrating the urine specimen.

Table V., Comparison of Results in Summer Months,
1951 and 195%Z using Two Species

Year and Test Total No. False False Total Percent
animal of Tests Positives Negatives Errors  Accuracy
1951
Rana pipiens 48 0 5 5 89.6%
1952
Rana clemitans 46 1 1 2 95,7%

C. ANALYSIS OF FALSE RESPONSES
1. PALSE POSITIVES
The ages of the women upon whom positive tests were falsely obtained
ranged from 16 to 33 years with the exception of one woman who was
45 years of age. In only cne cese then do we find the possibility
of a fzlse positive due to high titers of FSH in a mencpsausal patient.

Two other false responses were probably due to the re-use of previcusly



positive reactors, the positive test in each instance occurring
only with the used animal., Two other casss may have possibly
eborted without the knowledge of their attending physician. The
reactions in each of these two cases was relatively strong. No
expianation is suggested for the occurrence of false pcsitives

in the remeining 5 cases all of which were weak responses.

2. FALSE MNEGATIVES
As indicated elsewhere 5 of the 8 felse negative tssts occurred
during the summer of 1851 while the Rana pipiens frogs were being
used., It is to the relative insensitivity of this enimal that
these false responses are attributed, No explaenation is offered

for the remaining 3 felse negetive tests.

D. PATHOLOGIC CONDITICNS

1. ABORTICNS
Referring to Table IIT it will be noted that 5% positive results
subsequently resulted in aborticns. Of these 42 were spontanecus
abortions, 1 a therapeutic and 2 were criminal ebertions. Of the
spontaneous abortions 6 tests were charscterized by weak responses.
In 3 of these 6 the sborticn occurred within & pericd of 4 deys
following the performance of tie test. The exact date of abortion
was not determined in the other 2 tests. 7 eborticns occurred
within a few days of the time of performing negative tests.

2. ECTOPIC PREGNANCY

4 cases of ectopic pregnency were encountered in tnis series. 3% of
these cases presented a positive response and tie fcurth a negative

response. The experiences of several authors with the frog test and
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ectopic pregnency ere summnsrized in Table ¥I where it will be
noted that in aprroximately 50% of the cases false negatives will

be encountered.

Table VI. The Frog Test in Ectcpic Pregnancy

Author Nunber of Number of Percent
' Fctopics Negatives Negative

Bromberg (31) ? ? 88%
Haskins (29) 14 7 50%
Holyoke {(13) 7 3 43%
This Paper 4 1 257
Average percentage of negative response 51%

%, OTYER CONDITIONS
One case of chorionepitheliome and two cases of hydatidiform mole
are included in this series. The first is a case of a patient with
metastases to the left lung. A complete hysterectomj and ovariectomy
failed tc reveal the primary source of the choricnepithelioma. A
frog test run following the hysterectomy was positive with 2 cc of
unaltered urine, No zttempt was made to do a guantitative study
at this time. A left pneumonectomy was performed. Following this
surgery the frog test with unaltered urine was negative in each of
two frogs. A Friedman run simultanecusly wes strongly positive in
1-40 dilution., The patient recovered. In each of the cases of
hydatidiform mole strongly positive results were obtained with
1-1000 dilutien of 3 cc of urine. In the first instance & subsesuent

examination 6 months after removal of the mole provided a negative
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result, In the second instance increasingly weak responses were
obtained for a pericd of 5 months azfter which the test became negative

end has remained so through three subseguent bi-monthly examinations.

Our technique for performing rcugh quantitative estimetions calls

for the use of at least 8 frogs. Two frogs each sre injected with

%3 ml. of unaltered urine. 3 ml. each of dilutions 1/10, 1/100 and
1/1070 are injected into each of two frogs., A positive response
with the 1/1000 dilution (0.007 ml. urine) coupled with suggestive
chinical evidence from history and physical examination is considered
diagnostic of either a mole or chorionepithelioma, A positive with
the 1/100 dilution is considered suspicicus; however, this respense

may occur during the first irimester of a normal pregnancy.



SUMMARY



SUNMARY

1. A partial review of the literature concerning the frog

test for pregnency is presented with particular reference to

a.) the method of performing the frog test, b.) the mechanism -
of production of the gametoldinetic response, c.) the expected
levels of choricnic gonadotrepin in normal and abnormal pregnancy

conditions, and d.) an &nalysis of false responses.

2. Areas for further investigation into the scurce of false
positive reactions are suggested. The author's series of 287

tests is reviewed and an analysis of the errors is attempted.
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CONCLUSI®NS

1. The frog test for pregnancy is & rapid and velid method cf
diagnosis providing the fcllowing factors asre considered:

a. Technigue including cocncentration cf urine specimen or
use of blocd serum,

b. Selection of the proper test animal with reference to
seasonal variation and re-use of the animzl.

c. Patient's history.

2. The gemetokinetic response may be produced by menopauszl
urine as well as by pregnancy urine. Whether or nct this factor
ig eliminated by the use of the kaolin extraction method has not

yet been definitely esteblished.

3. A factor present in scme jaundiced patients, possibly due to
failure of the liver detoxificetion mechanism, produces false

- positive reactions.

4, Ovarian pathology may cause the production of false positive

reactions.

5. It seems possible thast the presence of pheochromocytoma might
occasion false positive reactions, The frog test is suggested as

a possible ald te diagnosis of this condition.

6. The normsl pregnancy levels of chorionic gonadotropin are

apparently sufficient at any stage after the 30th cycle day to



produce & positive frog test providing either the concentrated

urine or serum technicue is employed.

7. Aprroximately 50% of cases of ectopic mregnancy will be

characterized by negative frog tests.

8, The diagneosis and prognosis of such pathologic states &s
ebortion, choricnepitheliema and hydatidiform mole may be supple-

mented by the use of guantitative studies with the frog test.
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APPENDIX A

Scott Concentration Method (Modified )(%4)
1. 100 ml. urine specimen in a 100 ml. graduated cylinder.
€. pH with p Hydrion paper.
4. Adjust to pH 4.0 with 20% HC1.
4, Add 5 ml, 20% kzolin suspension*., Shake well.
5. Allew tc settle to 15 ml. and deceant supernatant.
8. Pour remainder into 15 ml. centrifuge tube and centrifuge
for 3 minutes at moderately high speed.
7. At this point the hormcne is adsorbed to the kaolin. Discard
supernatant.
8. Tc the kaolin residue add 5 ml. N/10 NA O H¥, Uix well.
8. Centrifuge 2 minutes at moderately high speed. The hormone
is now in the supernatant liquid.
12, Pour supernatant into a small flask, add one drop of
phenolphthalein indicator.
1i. Add 2% HCl until the red color dissppears.

12, Tour into syringe and inject one helf into each of two frogs.

# For urine specimens less than 100 ml,, these reagents are corres-
pondingly reduced. (i.e., 1 ml, each of 20% kaolin suspension
and of N/10 NA O H is used for each 20 ml. of urine)



APPENDIX B

Cold Acetone Extraction (18)

1. Add 30 ml. urine to 100 ml. C.°, acetone.

2. Shake tube % minutes.

. Centrifuge 4 minutes.

4, Discard supernatant.

5. Drain with tube inverted for 5-10 minutes.

6. Add 5 ml. M/150 Sorenson phosphate buffer, pH 7.5.

7. Inject one half into each of two frogs.
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APPENDIX C

Ion Exchange Detoxification (37)

1, Preparation of resin for use.
a. Amberlite XE-96 washed successively with 1% HC1,
distilled water, 1% sodium carbonate and again with distilled water.

b, 2ir dried and stored for use.

2., Detoxification of urine.
a. & gm of resin added to 10 ml. urine in test tube.
b. Shake vigorously and allow to settle.

c. Supernatant used as injecteate.

3%



BIBLIOGRAPHY



Se

av
.

10,

BIBLIOGRAPHY

Henriksen, E.: Pregnancy Tests of Past and Present. West J. Surg.
49:567,1941.

Ballerey, C.¥®.: A Raepid Test for the Diagnosis of Pregnancy.
Nature 133%:494, 1934,

Galli-Mainini, C.: Pregnancy Test Using the Male Toad. J. Clin,
Fndocrin. 7: 653, 1947,

Robbins, S.L., and Parker, F, Jr.: The Use of the Male North
American Frog (Rana pipiens) in Diagnosis of Pregnancy.
Endocrin., 42:237, 1948.

Wiltberger, P.B., and Miller, D.F.: The Male Frog, Rana Pipiens,
as a New Test Animal for Early Pregnancy. Science 107:
198, 1948.

Galli-Mainini, C.: Pregnancy Test with Male Batrachia. Endcerin,
43:349, 1948,

Thorborg, J.V.: Use of Xenopus Laevis, Bufo Bufo, end Rans
Esculenta as Test Animals for Gonadotropic Hormones;
Survey of Previous Investigations. Acta Endocrin 4:163, 195

Farle, K. Vigors: The Galli-Mainini Pregnancy Test in Office
Practice. Med. Press (London) 225:602, 1950,

McCallin, Paul F., and Whitehead, Richard W.: A Study of Native
Species of Male Toads as Test Animals in the Diagnosis of
Ferly Human Pregnancy. Science 109:518, 1249,

McCallin, Paul F,, and Whitehead, Richard W%.: A Study of Native
Species of Male Toads as Test Animals in the Diagnosis of
Farly Human Pregnancy. Am. J. Ob. and Gyn. 59:345, 1950.

Soucy, L.B.: Seascnal Variations in the Respcnse of Leopard Frogs

to Injections of Pregnancy Urine. Am. J. Med. Tech. 16:6, 195C.

Samson, Meyer: Seasonal Variation in Sensitivity of Rana Pipiens
to Chorionic Gonadotropin. Science 111:2Z1, 1857,

Holyoke, J.B., znd Hoag, F.E.: Seasonal Variation in the Pregnancy
Test Using Rena Pipiens. Am. J. Clin, Path, 21:1121, 1951.

Jeffree, G.M.: The Comparative Sensitivity of the Male Toad

Pregnancy Test and the Friedman Test. J. Clin, Path, 6:1502, 1953

42



15.

16.

17,

18.

19.

20,

21,

25,

26.

7.

28.

&

Thorberg, J.V., and Hansen, K.: Use of Xenopus Laevis, Bufo Bufo
and R. Esculenta as Test Animals for Gonadctropic hormones;
ITI. Quantitative Investigations c¢n Sensitivity of the
Animals to Choricnic Gonadotrophin, Acta Endoerin. 6:51, 1951.

Reinhsrt, Harry L.: Kaplan, I.J., and Shinowara, G.W.: Factors
Influencing the Male Frog Test for Pregnancy. Am, J. Clin,
Path, 21:624, 1951.

Haskins, Arthur L., Jr., and Sherman, Alfred I.: Quantitative Bio-
Assay of Chorionic Gonadotrophin with the Male Frog.
Endocrinology 44:54%, 1949,

Bieniarz, J.: The Male Frog (Rana Esculenta) Pregnancy Test and
its Clinicai Application. Lancet I:299, 1957,

Hodgson, Jane E.: Office Use of the Male Frog Test for Pregnancy.
J.AM.A, 15%:871, 1952,

Greenblatt, R.B.: Clark, S.L., and West, R.M.: The Male Frog
(Rena Pipiens) Compared tc the Female Rat as a Pregnancy
Test Animal, Fertil, and Steril., 1:533%, 1953,

Thorborg, J.V.: The Use of Xenopus Laevis, Bufo Bufo, and Rana
Esculenta as Test Animals for Gonadotrophic Hormones:
IV. Comparative Investigations on tihe Pregnancy Reactions
of Galli-Mainini and Friedman. Acta Fndecrin 6:373, 1951,

Hodgson, J.E.,, and Taguchi, Reiko: The Rena Pipiens Frog Test for
Pregnancy. Minn. Med. 33:1208, 1952,

Giltz, M.L., and Miller, D.F.: Ways of Improving the Male Frc¢g Test for
Pregnancy. Chio J. Sci. 50:205, 1950,

Forman, Joseph B., and Floyd, R.D.: The Use of the Male North
American Tcad {Bufo Americanus) in the Diagnosis of
Pregnancy. Am. J. Cb. Gyn. 65:1352, 1952,

Gardner, H.L., and Harris, N.B.: Use of the Male Frog (R. Pipiens)
in a Biological Pregnancy Test. Am. J. Ob. Gyn. 59:350, 1850,

Lehman, Rachel: New Uses of the Male Frog Test and Review of
Methods. Am, J. Med. Tech, 18:2%8, 1952,

Maier, E.C.: The Use of the Male Rana Pipiens Frog in the Diagnosis
of Pregnancy and the Differential Diagnosis of Abortions.
West. J. Surg. 57:558, 1949,

Loraine, J.A.: The Estimation of G.G. in the Urine of Pregnant
omen, J. Endocrin 6:319, 1950.

43



31.

36.

37.

39,

Haskins, A.L., and Shermen, A.I.: ¥se of Bloocd Serum in Male
Frog Test for Pregnancy. Am, J. Ob. Gyn., 61:1150, 1951,

Smith, R.A.; Albert, A., and Randall, IL.¥.: Chorionic Gonadfotropin
in the Blood and Urine During Esrly Pregnancy. Am. J., Ob.
Gyn. 61:514, 1951,

Bromberg, Y.M.; Brzezinski, A.; Rozin, S., and Sulman, F.G.:
Reliability of Pregnency Tests with Msle Batrachia and
Female Rodents. Acta Endocrinol. 7:31, 1951,

Sharnoff, J.G., end Zaino, Ed. C.: An Evaluation of the Male
Frog Pregnancy Test. 4. J. Ob. and Gyn. 59:853, 1950,

Cutler, Joseph N.: An Appraisal of the Male N.A. Frog Pregnancy
Test with Suggested Modificaticns of the Original Technigue.
J. Lab. and Clin. Med. 34:554, 1949,

Scott, L.D.: The Concentration and Detoxification of Human Urine
for Biclogical Pregnancy Diegnosis. Brit. J. Exptl. Peth.
21:220, 1940.

Dekenski, J.: The Kaolin-Adsorption Method for the Quantitative
Assay of the Urinary Genedotrophins. Brit. J. Exptl. Pasth.
30:272, 1949,

Bradbury, J.T.; Brown, E., snd Brown, W.E.: Adsorptien of Urinary
Gonadotrophins on Kaolin, Proc. Soc. Exp. Med. 71:228, 1949,

Levey, S., and Putnam, E.: A Method of Detoxifying Urine in Frog
Test for Pregnancy. Am. J. Clin. Path. 21:197, 1951.

Robbins, S.IlL., and Parker, F.: 3tudies on the Mechenism of the
Spermatic Release of the Male North Americen Frog (Rzna
Pipiens). II. The Role of the Pituitary, Aprenals and
Testes: J. Clin. ®ndecrin 12:744, 1952,

Housssy, B.A.; Giusti, L., &nd Lascano Gonzalez, J.M.: Impi.entacicn
de la Hipofisis y Fstimulation Sexuzl en el Sapc. Rer.
Soc. Argent. Biol. 5:3%97, 1929, Cit. from Houssay, B.A.:

Hypophyseal Functions in the Toad. Quart. Rev. Biol. 24:1, 1949,

Li, Min-Hsin, and Hsi-Chun Chang: Release of Sperm in Male Fregs
with Adrenalin, Chinese J. Physiol. 17:201, 194¢.

Hingleis, H., and Hinglais, M.: Action of Epinephrine on the

Spermatic Excretion in the Maie Frog. Compt. Rendu. Soc.
Biol. 143:811, 1949.

44



44,

45,

46.

47,

48.

49,

51.

S2.

54,

Robbins, S.L., and Parker, F. Jr.: The Reaction of Male Frogs
to Fpinephrine. FEndocrinology 44:%84, 1949,

Clark, S.L.; Greenblatt, R.B., and West, R.M.: Inhibiticn of
the Gametokinetic Response on Male "Rana Pipiens" with
Adrenolytic Drugs. Endocrinology 49:200, 1951,

Greenblatt, R.B.; Clark, S.i.., and West, R.M.: Hormonal Factors
Producing Gametokinetic Response in the Male Frog (Rana
Pipiens). J. Clin. Endocrin. 10:265, 1950,

Sulman, F,G.: Functicn of the Adrenel Gland in Sperm Ejaculation
by Male Frogs. Endocrinol. 49:282, 1951,

Robbins, S.L., end Perker, F. Jr,.: Studies on the Mechanism of
the Spermatic Release of the Male North American Frog
(Rana Pipiens). I. Reaction to Various Hormones. J. Clin.
Fndocrinol. 12:354, 1952,

Thorborg, J.V.: The Use of Xenopus Laevis, Bufo Bufo and Rana
Fsculenta as Test Animals for Gonadotrophic Hormones.
Acta Endocrinol. 4:16, 1950,

Galli-Meinini, Carlos: Pregnancy Test Using the Male Batrachia.
J.AM.A, 138:121, 1948,

Burgos, M.H., and Masncini, R.E.: Explusion de Espermatozoides por
Accion de las Gonadotrofinas en el Testiculo de Sapc "in
vitro", Rev. Soc. Argentina Biol. 23%:165, 1947,

Haskins, Arthur L., and Sherman, Alfred I.: The Quantitative Assay
of Serum Choricnic Gonadotropin in Pregnancy, Using the
Modified Male Frog Technique. J. Clin, Endocrin. 12:385, 1952,

Albert, A.: Fvaluation of the Hyperemia Test for Pregnancy as a
Routine Clinical Laboratory Procedure: Comparison of Results
with those of 1300 consecutive Friedman Tests., Proc. Staff
Meeting, Mayo Clinic 24:258, 1949,

Hartleb, H.: Die Bedeutung der Quantitativen Hormon Untersuchung
mit dem Wasserfrosch fur die Prognose der Gestorten
Schwangerschaft. Geburts u. Frauenheilk 11:938, 1951.

Thompson, R.; Gross, S., and Straus, R.: Choricnepithelioma of
Uterus Associated with Temporarily Negative Biologic Tests
for Chorionic Gonadotropic Hormones. Am. J. Ob. and Gyn.
61:930, 1948,

Acosta-Sison, H.: Statistical Study ¢f Chorionepithelioma in the
Philippine General Hospital. Az, J. Ob, and Gyn. 58:125, 19489,

45



55.

56.

57.

58.

59.

60,

61.

62.

64.

65.

Mueller, C.W., and Ladd, W.A.: Hydatidiform Mole Followed by
Postpartum Eclampsia and Chorionepithelioma, with Reccvery.
Am, J. Cb, and Gyn. 58:13%, 1949,

Minet, P.; Soulary, C., end Benoit, M.: Importance du Dosage
Hormonal dsns l'Fvolution de la Mole Hydatidiforme.
Gynec. et Obstet. %:638, 1951.

Hause, Welland A.: Use of the Male Grass Frog (Ranz Pipiens) in
Pregnancy Testing. Am. J. Ob. and Gyn. 6%:1356, 1952.

Phillips, Hugh J.: Perscnal Communication, 1954.

Robbins, S.L., and Parker, F. Jr.: The Reliability of the Male
North American Frcg (Rana Pipiens) in the Diagnosis of
Pregnancy. N. Bng. J. Med. 241:12, 1949,

Scbel, H., and Edelman, S.: Jaundice and False Positive Frog
Tests for Pregnancy. Am, J. Clin. Path., 21:950, 1951.

Puler, U.S. vcen: Increased Urinary Excretion of Noradrenaline
and Adrenaline in Cases of Phecchromocytoma. Annsls of
Surg. 134:929, 1951,

Marsters, Roger W.; Black, Marion E., and Randall, Jno. D.:
An Evaluation of the Rana Pipiens Male Frog Pregnancy
Test. Am., J. Ob. and Gyn. 60:752, 1950,

Bodine, C.D.; Kline, R.F.; Rogers, R.A.; Smith, D.C., and
Tinker, F.X.P.: The Male Frog (Rana Pipiens) as a Test
Animal for Determining the Level of Urinary Chorionic
Gonadotropin during Pregnancy. Am. J. Ob. end Gyn. 59:648, 1950,

Brody, H.: The Use of the Male Lecpard Frog (Rana Pipiens) as a
Pregnancy Test Animal, Am. J. Ob. and Gyn. 57:581, 1949,

Diczfalusy, E., and Westman, A.: Use of the Swedish Male Tocad

(Bufo Bufo) in the Diagnosis of Pregnancy. Acta Obst. et
Gynec. Skandinav, 350:308, 1951.

46



	The Frog test in the diagnosis of pregnancy
	Recommended Citation

	tmp.1676928604.pdf.BqlyY

