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INTRODUCTION 

Beyond loss of the well-known secondary sexual 

characteristics, there are several responses to castration 

in the male mammal which indicate that the male sex hor¬ 

mone is at least indirectly a controlling factor in some of 

the body’s basic metabolic processes. In the case of the 

albino rat infected with Hymenolepis diminuta, these effects 

in turn cause changes in the normal activities of this 

tapeworm (Addis, 1946; Beck, 1950), indicating the wide¬ 

spread effect of testosterone as well as the intimacy of 

the host-parasite relationship. The purpose of the pre¬ 

sent investigation is to analyze further the responses of 

the tapeworm to castration of the host, by means of some 

morphological, histological, and enzymatic studies. 

HISTORICAL 

Responses of the host to orchidectomy 

Not only in the albino rat, used in this work, but in 

all vertebrates studied there seems to be a generalized 

pattern of reaction to castration, with regard to the 

muscle and adipose tissue response. 

Removal of the testes results in the partial atrophy 

of muscle tissue in guinea pigs (Papanicolaou and Falk, 

1924), mice, (Engle, 1941), rabbits, cattle, frogs (Jasien- 

ski, 1929), man (Hamilton, 1940), as well as rats (Koren- 

chevsky, Hall, Burbank, and Cohen, 1941). Microscopical ex¬ 

amination indicates that in the case of the frog, at least, the 



2 

change is due to a reduction in size rather than number 

of muscle fibers. The sarcoplasm is "less rich in proteins, 

more aqueous, and paler" (Jasienski, 1929). 

It is quite possible that this reduction in muscle 

tissue development is the reason for the lower body weights 

and slower rates of increase of body weight reported for 

rats (Ancel and Bouin, 1906; Stotsenburg, 1909; Donaldson 

and Hatai, 1911; Commins, 1932; Lawless, 1936; Rubinstein, 

Abarbanel, and Kurland, 1939; etc.). More recently 

Kamilton (1948) has reported a similar reaction in man. 

His conclusions were based on the examinations of 129 

eunuchs of various ages and weights, who were found to 

weigh an average of 8.8 pounds less than normal men of 

similar ages and heights. These effects on weight seem 

only reasonable in the light of the influence of castration 

on muscle tissue. As Hamilton (1948) states it, "Unless 

large amounts of fat accumulate, castration might be expected 

soon to produce a decrease in the body weight as a result 

of a loss of tissues....This less-than-average weight of 

most eunuchs must be attributed in part to a loss of 

tissues and fluids, since almost every eunuch whose weight 

approximates the average listed for normal men...is seen 

upon inspection to be indisputably obese." Further ev¬ 

idence that the decrease in body mass is primarily a loss 

of a comparatively dense tissue such as muscle, is found 

in the decreased specific gravity of the body even of non- 

obese eunuchs (Hamilton unpublished data). 



From the foregoing evidence alone one might predict 

the effect of castration on the amount of adipose tissue 

in the body. This Is perhaps a more conspicuous response 

than the decrease in muscular tissue. Indeed, "castration 

and spaying have been done since ancient days on the farm, 

and one of the recognized advantages.. .was the increased 

accumulation of fat" (Burrows, 1949). In addition to 

Hamilton’s suggestive findings based on the body’s specific 

gravity, studies have been made directly on the fat de¬ 

posits in the bodies of normal and castrated animals. 

Korenchevsky (1930) showed that retroperitoneal fat in the 

albino rat increased about 50^ after castration, whereas 

rate of gain in body weight was consistently less. 

It is obvious, then, that castration in some way 

produces a pronounced metabolic shift which manifests itself 

in changes in fat and muscle deposition! which in turn may 

be reflected in growth. 

Awapara’s very recent fine enzymatic study of the 

prostate in normal and castrated rats may well aid in 

analysis of the growth effect. 

The effect of castration on the prostate is quite 

dramatic, producing a rapid atrophy of this organ (Punter, 

1786; Lillie, 1917). Although this is a secretory ac¬ 

cessory reproductive organ, whose mechanism of response 

may therefore be distinct from the fat and muscle changes 

just discussed, it is of interest in that it is the only 

organ in v/hich the effects of castration have been studied 

at the cellular enzyme level in the rat or elsewhere. 



4 

Decreases in succinic dehydrogenase and phosphatase 

activity within eight days after castration have been 

reported (Davis, Meyer, and McShan, 1949). More im¬ 

portant from the standpoint of protein metabolism is the 

marked reduction in this tissue’s transaminase activity 

following castration (Awapara, in press). 

Despite its comparatively recent discovery (Braun- 

stein and Kritzman, 1937) and some conflicting reports due 

to early techniques, transamination has already been shown 

to have a widespread occurrence, including bacteria (Wood 

and Gunsalus, 1950; Feldman and Gunsalus, 1950) and a var¬ 

iety of mammalian tissues (Cammarata and Cohen, 1950; Awa¬ 

para and Seale, 1952). With reference to parasitic worms, 

recent work (Daugherty, in press) indicates marked trans¬ 

amination in Fasciola hepatica. 

Selection of the 

ammo actcf + °c-fie.fojtt.ifan'c acid —*~ j/ufanuc act 'd + /fe/o acid 

reaction in preference to several others, as a standard 

criterion of transaminase activity seems quite reasonable 

since free amino acid assays have shown glutamic acid to 

be one of the-most prevalent amino acids in eight rat 

tissues examined (Awapara, Landua, and Fuerst, 1950). 

Similarly, paper chromatography has shown glutamic acid 

to be an important component of the free amino acid con¬ 

tent of both Fasciola hepatica and Hymenolepis diminuta 

(Daugherty, unpublished work). ‘ Furthermore, a compar¬ 

ison of alpha-ketoglutaric acid with pyruvic acid as an 
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amino group acceptor was made (Awapara and Seale, 1952), 

The results clearly showed a greater activity for the 

alpha-ketoglutaric—glutamic reaction in all the 

organs studied. "The ability of most organs to form 

glutamic acid from other amino acids by means of the 

transamination reaction • . . suggests that perhaps alpha- 

ketoglutaric acid is the most important keto acid involved 

in the reaction • . • ."(Awapara and Seale, 1952) 

The importance of this reaction to protein metabolism 

is paramount, not only permitting the transformation 

of one amino acid to a more essential one, but at the same 

time forming a conveniently reversible step between pro¬ 

tein and the final common pathway of all metabolites in 

the production of energy «— the Krebs cycle. In view of 

this it is significant, to say the least, that the rate 

of this reaction is reduced to a small fraction of its 

normal value In a tissue which is undergoing atrophy fol¬ 

lowing castration. It is suggestive, at least, of an 

effect on protein synthesis, and hence growth itself, 

which might occur as a result of the inhibition of this 

key reaction. 

Dorfman (1948) states the overall relationship rather 

well: "For convenience the action of androgens may be di¬ 

vided into two categories: first, the action of increased 

blood flow to a reactive tissue, and second an acceleration 

of growth. The latter phenomenon must involve increased 

rates of systhesis of new protein. ... Since minute amounts 

of androgens are needed to produce stimulating effects in 
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sensitive organs, there is good reason to believe that the 

hormone acts at a catalytic or enzyme level*” 

Effects on Hymenolepls diminuta 

That castration of the albino rat should affect its 

parasite, the tapeworm, Hymenolepis diminuta, is not too 

surprising in view of the profound changes we have noted in 

its environment. Moreover, Chandler (1943) has shown that 

the tapeworm’s nutriment, at least as far as proteins and 

vitamins are concerned is ipdependent of these nutrients in 

the food and can be obtained directly from the host. This 

can only be construed as evidence that the physiology of 

this parasite is far more closely bound up with that of the 

host,, than'it was formerly considered to be. It seems only 

natural, therefore,?that the tapeworm should in some way re¬ 

flect the metabolic alterations of its host* 

The first hint concerning the influence of sex hormones 

on Hymenolepis diminuta is seen in Chandler*s (1943) nutri¬ 

tion studies on this worm in which he noted that the worm 

is stunted in growth by a lack of the G complex vitamins in 

the diet of female rats. This did not occur in male rats* 

Subsequently Addis (1946) found that castration of male rats 

produced a marked stunting of the growth rate of worms, based 

on measurement of the worms fourteen days after infection, 

even when on a complete diet* Administration of testosterone 

to castrated rats allowed normal growth. Further, sexually 

immature male rats, regardless of diet, produced partially 

stunted worms. Here again normal growth could be observed 
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in comparable young male rats to which testosterone was 

administered. 

Hager (1941) reported a reduced production of eggs by- 

worms in male rats on a deficient diet, although Chandler 

(1943) and Addis (1946) noted no effect on worm growth. 

Thus, as Beck (1950) affirmed, worm-growth and egg produc¬ 

tion are not necessarily parallel in all cases. He found 

that either castration or a diet deficient in G complex 

vitamins produced approximately the same reduction in egg 

output, without decreasing the size of the worms. It is 

possible that after the worm reaches full length, the 

effect of diet deficiency or castration may be to slow the 

developmental process throughout the length of the worm. 

In other words, while growth of new segments is reduced, 

so is the rate of shedding gravid segments, resulting in 

a maintenance of body length while the growth rate has 

dropped. This explanation would also account for the re¬ 

duction in egg counts, since fewer egg-containing segments 

are shed in a given period of time. 

STATEMENT OP THE PROBLEM 

Several generalized tissue reactions to castration 

have been observed in the rat. Hager, Beck, and Addis's 

independent results suggest a parallel bet\?een the rat’s 

and tapeworm’s reactions to castration of the host. Since 

very recent studies indicate the growth reaction to be 

closely associated with transaminase activity of the tissue 

examined, it was thought that quantitative determination of 

transamination in the rat tapeworm in conjunction with 



histological examination for fat,would at least give some 

indication of the extent and basis of this parallel.. 

MATERIALS AND METHODS 

Sexually mature albino rats free of intestinal hel¬ 

minths were each force-fed ten cysticercoids by.means of 

a medicine dropper. Tenebrio molitor, the grain beetle, 

was used as the intermediate host, infection of these 

insects being accomplished according to the method des¬ 

cribed by Addis and Chandler (1944). 

The infected rats were maintained on a standard pel- • 

let diet for a period of sixty days following infection, 

after which period the experimental hosts; were etherized 

and castrated, the control animals being left intact. 

Three weeks after castration the experimental animals were 

sacrificed v/ith a similar number of controls containing 

worms of the same age. The entire small intestine v.as 

removed and flushed with warm physiological saline solution 

to remove the worms. 

Worms to be measured were placed in tap water under 

refrigeration for one hour to allow for relaxation, which 

is an essential prerequisite for accurate relative meas¬ 

urements. Worms destined for histological studies were 

fixed in 10$ formalin neutralized with calcium carbonate, 

while those to be used in the enzyme determinations had 

the posterior (gravid) third of the strobila removed and 

discarded, the remaining portion being immediately quick 
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frozen and maintained thus until used. 

For the purpose of histological examination, it was 

thought desirable to use frozen sections since this method 

of handling the ti33ue minimised its exposure to any 

reagents such as alcohol, xylene, etc., which might in any 

v/ay alter its fat content. It was found that the use of 

razor blades and adapters in conjunction with this method 

results in the sacrifice of much cellular detail of the tis¬ 

sue, although this can be prevented to some extent by ex¬ 

posing the tissue to a five to ten per cent gelatin solution 

for twelve hours prior to mounting and sectioning. The 

gelatin retains enough of its elasticity, even when frozen, 

to render it a more suitable mounting and embedding medium 

than water. In any case, variations in the condition of 

cellular detail in successive sections from the same piece 

of tissue had no obvious effect on the fat content of the 

tissue as far as could be determined by microscopic ex¬ 

amination. 

Sections twenty-five microns thick were cut on a 

freezing microtome and transferred from the blade to a 

petri dish of water by the method recommended by Kraijan 

(1940). After being placed on slides, the sections were 

stained for two minutes with a saturated solution of Sudan 

III in 70% alcohol* The excess stain was removed from the 

non-lipoid tissues by ten to fifteen seconds of destaining 

with 70% alcohol, the section was washed with water, and 

a cover slip mounted with Kaiser’s glycerine jelly* 
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Since the method of qualitative and rough quantita¬ 

tive estimation and comparison of fat In worms from cas¬ 

trated a3 compared with normal hosts described above is 

inherently subjective, an attempt was made to confirm 

them by a more objective, quantitative determination. A 

fat assay using ether extraction in a Soxhlet extractor 

was undertaken. Known wet \7eights of worm tissue wore 

either homogenized or cut into lengths of about one inch, 

placed in the thimble, and extracted for four hours with 

Baker’s anhydrous ether. At the end of this period, the 

ether was evaporated until the total volume in the re¬ 

ceiving flask could easily be placed in a previously weighed 

100 ml. beaker. This was done, and evaporation continued 

there, the original receiving flask being repeatedly washed 

with separate ten to fifteen ml. quantities of ether, which 

were subsequently added to the weighed vessel’s contents as 

Its volume decreased by evaporation. In this way a complete, 

quantitative transfer of all ether-soluble substances was de¬ 

termined by difference. By relating the figure obtained to 

the original wet weight of tissue used, a percentage value 

or weight-of-fat-per-gram-of-tissue value can be obtained. 

It was thought pertinent to attempt a qualitative 

ketosteroid assay of worm tissue fixed and sectioned as 

described above. The method employed was that devised by 

Ashbel and Seligman (1949), involving the coupling of a 

tetrazotized azo dye to the ketosteroid in the tissue by 

means of 2-hydroxy-3-naphthoic acid hydrazide. The reaction 
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is specific for 3-, 17-, and 20-ketostoroids. The only 

drawback is the unavailability of the hydrazide, which 

must consequently be prepared in the laboratory from tho 

corresponding acid. In this work, the synthesis recom¬ 

mended by Seligman, Friedman, and Hera (1949)was followed, 

the Identity of the product formed being confirmed by means 

of a melting point test which gave a value in ezact agree¬ 

ment with that reported by the above authors. 

Many of the confusing and contradictory results ob¬ 

tained in the field of enzyme-catalyzed transamination 

have been due to the crude manomstrlc or indirect analyt¬ 

ical methods employed (Herbst* 1944; Feldman and Gunsalua, 

1950). More recently, efforts have been directed toward 

the development of more sensitive methods of analysis and 

more standardized techniques.. 

The system of Awapara and Seale (1952), modified for 

this work, seems to be most convenient and quite repro¬ 

ducible. The enzyme reaction involved is of the 

Qtnino odd -f- <x--ksJo g lu /dri c act d —► y/uf’amic. add -t k&ko ocid 

type discussed above, the estimated rate of reaction de¬ 

pending on tho amount of glutamic acid obtained chromato- 

graphlcally and determined eolorimetrically with ninhydrin. 

By a little experimentation it was found that Awapara and 

Seale’s method could be modified in the following manner: 

instead of eluting the glutamic acid off the filter paper 

chromatogram prior to complete color development in a test 

tube with a special ninhydrin reagent, a Qa2$> solution of 
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ninhydrin in water-saturated butyl alcohol was evenly 

sprayed on the chromatogram, maximum color developed in 

situ, and finally, the colored compound eluted with pure 

glass-distilled water, and read at 542 millimicrons on the 

Beckman Model B spectrophotometer. This alteration in the 

elution and color development technique obviated the neces¬ 

sity of the long elution period as well as the heating 

procedure. Thus, complete elution can be obtained in five 

minutes at room temperature as compared to twenty minutes 

at 100 degrees Centigrade. Moreover, the mixing and number 

of reagents and reagent blanks is reduced considerably. 

With the exception of using 0.5 ml. of 0.01 M solutions 

of the amino acids and alpha-ketoglutaric acid, the pro¬ 

cedure is otherwise patterned after Awapara and Seale’s 

technique with respect to controls, time periods, chromato¬ 

graphy, etc. 

Future work will deal with the establishment of controls 

relating to the possible influence of other enzyme mech¬ 

anisms such as the reductive amination of alpha-keto¬ 

glutaric acid. 

RESULTS AND DISCUSSION 

Worm measurements Indicated no effect of castration 

of the hosts on the length of strobilae once the worms 

have grown to full size, so Beck’s hypothesis regarding the 

reduced egg production seems reasonable: either growth is 

retarded so that body length is maintained while fewer 
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gravid segments are sloughed off or else the tapeworm}s 

reproductive system is specifically affected. The only 

consistently noted variations in length were closely cor¬ 

related with the crowding effect, as described for this 

worm by Hager (1941) and Chandler (1S39). 

The histological examination of the fat picture showed 

a distinct increase in the size and number of fat globules 

in the worms from castrated ratSo The keto3teroid-specific 

staining process mentioned above indicated tho presence of 

3-, 17-, or 20-ketosteroids in the fat globules of worm3 

from both normal and castrated hosts. 

Ora;,, two ether extract ions were made, one using a homo¬ 

genate, the other with about one inch lengths of intact 

worms. Obviously, the figures obtained will have no statis¬ 

tical claim to accuracy, but it is interesting that with re¬ 

lation to each other they uphold the results of the qual¬ 

itative assay. The reason for using intact pieces of worms 

in one run was to determine the extent to which the presence 

of intact tissues would interfere with the extraction pro¬ 

cess. 

TABLE I 

Results of Ether Extraction of H. diminuta 

Condition 
of tissue 
Homogenate 
Homogenate 
Intact 

Condition 
of host 

Normal 

Pat Content as 
% of wet wt. 

7.49 
16.42 
2.52 
3.47 

Castrate 
Normal 

Intact Castrate 



CROSS SECTIONS OF HYMENOLEPIS PIMINOTA 

STAINED WITH SUDAN III 

NORMAL HOST 

CASTRATED HOST 
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It is clear from the results in Table I that complete 

extraction of intact worms can not be effected in four 

hours. Nevertheless, in both cases there is a highly sug¬ 

gestive difference between the value for the worms from 

normal and castrated rats. 

The transaminase studies indicated no activity when 

arginine, valine, and leucine were tried as potential 

amino group donors in the reaction. Alanine and aspartic 

acid, in that order, seem to be the most important in this 

respect of the five amino acids tried. 

TABLE II 

Micrograms of Glutamic Acid Produced per Hour 
pervGram of Wet H. diminuta Tissue 
O.OO/lf ————- 

-NHg Donor Alanine Aspartic Acid 

Host Condition Normal Castrate Normal Castrate 

Mean 264.2 177.4 208.6 168.0 

Mean Deviation 29.8 15.0 19.8 19.0 

Std. Deviation 32.0 18.8 22.8 23.8 

Table II shows the results of experiments on the worms 

of two groups of rats, fifteen castrated and fifteen nor¬ 

mal. The statistical significance of the difference be¬ 

tween normal and castrate readings in the alanine column 

is of the order of three <r, while the difference in the 



aspartic acid column of the order of approximately- twb:crV‘-- 

These effects on transamination parallel those ob¬ 

tained by Awapara (unpublished work) using the ventral 

prostate of normal and castrated rats, this tissue ex¬ 

hibiting the same relative activity of these two trans¬ 

amination reactions. The fact that two tissues, the ven¬ 

tral prostate and the tapeworm, exhibit the same growth 

reduction response to castration not only in gross ap¬ 

pearance or behavior, but also with regard to a specific 

type of protein metabolic activity may be only coincidence. 

However, in the light of the very probable relationship 

of transamination to protein synthesis, which has already 

been discussed, the similarity is certainly suggestive, not 

only in suggesting that this may be the manner in which 

the growth of these two tissues is being affected, but that 

the transamination reaction is the point at which the hor¬ 

mone acts at a catalytic or engyme level (Dorfman, 1948). 

Dorfman was speaking in the subjunctive, but the fact that 

more recent work, including the present investigation, 

seem to uphold his thought, should stimulate additional 

studies until the store of evidence allows more definite 

statements to be made. 

It appears, then, that the responses of Hymenolepis 

diminuta to castration of the host more closely parallel 

the host reaction than one might infer from egg count and 

worm measurement data alone. The basic metabolic shift 

observed earlier in the rat now seems to be clearly mir- 



rored in the tapeworm‘s responses with respect to both fat 

deposition and protein synthesis. 

Once again one is impressed with the inadequacy of 

considering the intestinal parasite as a sort of permanent 

icebox raider. Indeed, the pregnant mother, whose vari¬ 

ances in condition in response to a variety of factors 

are reflected in the condition of her unborn child, 

presents barring moral implications!—>-a far more 

analogous picture. 

SUMMARY 

The influence of castration of the albino rat host 

on the tapeworm, Hymenolepls’•■dimlnuta, has previously 

only been studied through its effect on worm size and egg 

production. In the present work an attempt is made to 

investigate further the general effect. 

Histological examination revealed greater fat deposi¬ 

tion In worms from castrated rats than in worms from normal 

hosts* Preliminary results of ether extractions confirm 

this result. A specific stain showed the presence of 

ketosteroids in the fat globules Of worms from both types 

of hosts. 

Quantitative transaminase determinations indicated 

a significant reduction in alanine —>-glutamic acid and 

aspartic acid—>• glutamic acid transamination, particular¬ 

ly the former, in homogenated worm tissue from castrated 

hosts. The importance of the transamination reaction to 

protein metabolism suggests a relationship between this 



enzymatic effect and the grosser growth changes studied 

by previous v/orkers. 

On the basis of the present evidence, castration of 

the host seems to elicit parallel responses in both the 

albino rat and Hymenolepls dlminuta* 
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