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ABSTRACT 

The histological effects of cyclopropenoid fatty 

acids on animal tissues were studied in adult rats and their 

offspring by histochemical and histopathological methods. 

Reproductive tissues of the female rat were most noticeably 

affected and displayed uterine hypoplasia and ovarian 

changes which included increased follicular atresia and 

diminished luteal tissue. In addition, there was an in

crease in the basophil cells of the anterior pituitary, 

production of a fatty liver, and diffuse hemosiderosis in 

the reticuloendothelial tissues. Degenerative and necrotic 

changes were seen in the kidneys and livers of fetuses and 

newborn, with hemorrhage into the alveoli of the lungs of 

postpartum individuals. The histological findings are con

sidered indicative of the ability of cyclopropenoid fatty 

acids to affect the normal function of the pituitary-

gonadal axis in the female and alter membrane permeability. 

vi 



INTRODUCTION 

Interest in cyclopropenoid fatty acids (CPFA) as 

toxic components of animal and human foodstuffs was stimu

lated by the discovery that they were the cause of a variety 

of disorders in eggs from hens fed cottonseed products. 

Some of these disorders were reported almost forty years 

ago, but only recently were CPFA pinpointed as the offending 

substances in cottonseed oil (14). 

CPFA occur naturally in plants of the order Mal-

vales, which includes the cotton plant. The oil from 

cottonseed contains the two CPFA sterculic and malvalic 

(Fig. 1). Feeding cottonseed meal, cottonseed oil, or 

any other form of CPFA to hens results in a pink discolora

tion of the whites of their eggs after the eggs have been 

stored. The formation of the pink color has been attributed 

to the combination of the conalbumin in the white with iron 

which has diffused out of the yolk (2). The yolks may also 

take on a salmon, orangef or oran^e^brown color/ presumably 

due to conalbumin and other white proteins migrating to the 

yolk and complexing with iron (27), 

In addition to the color changes seen in stored 

eggs, CPFA were found to cause alteration of pH values of 

yolks and whites. The yolks become more alkaline while the 
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Fig. 1. Cyclopropenoid Fatty Acids. 



whites decrea.se in alkalinity until the two parts become 

almost identical in pH value. The pH changes are thought 

to be the result of ions diffusing across the vitelline 

membrane (19). 

An increase in the permeability of the vitelline 

membrane to water, resulting in a higher yolk water content 

was also found to occur in eggs from hens fed CPFA (26). 

An increase of the vitelline membrane's permeability to 

proteins was also noted (5), The exchange of protein be

tween yolk and white was considered indicative of a selec

tive transfer process since the white proteins ovalbumin, 

conalbumin, and lyzozyme, but not ovomucoid or ovoglobulin, 

migrated to the yolk, and only the lipoprotein livetin 

migrated from the yolk to the white. 

When eggs laid by CPFA fed hens were cooled and 

examined, it was observed that the yolks were rubbery or 

pasty and remained practically spherical when placed on a 

flat plate (27). It was determined that the semisolid 

nature of these yolks was due to their higher concentration 

of saturated fatty acids (6). 

Egg production, fertility, and hatchability are 

also affected by CPFA (17). The degree of embryo mortality 

seen in hens' eggs has been correlated to the amount of 

CPFA fed and to the length of time they are fed (23). The 



suggestion has been made that CPFA create an environment 

in the egg which is unfavorable for the embryo's survival 

(17)/ 

In addition to the aforementioned effects on eggs, 

CPFA have also been shown to retard ovary and oviduct de

velopment with a consequent inhibition of egg production in 

pullets (22) , There was also retardation of comb develop

ment and enlargement of the liver and gall bladder. In 

rats, the ingestion of CPFA delays the attainment of sexual 

maturity, lengthens and causes irregularity of the estrus 

cycle, and suppresses the growth of the female reproductive 

system (25), In the house fly, CPFA cause sterility of the 

females (3). When ingested in large amounts, these fatty 

acids affect growth in pullets (22) and affect growth and 

cause mortality in rats (21). 

Studies of the fatty acid compositions of eggs and 

milk and the body fat of hens, rats, and pigs have shown 

that CPFA cause an increase in the amount of the saturated 

fatty acid, stearic, and a decrease in the amount of oleic 

acid, the unsaturated homolog of stearic acid (17). Recent 

enzyme studies utilizing rat liver homogenates have shown 

that sterculic acid is a competitive inhibitor of the fatty 

acyl desaturase enzyme system which converts stearic acid 

to oleic acid (9), The same inhibition has been shown to 

occur in plants C8). It is interesting to note that the 



chemical structure of sterculic acid is similar to that of 

oleic acid except for the presence of the methylene carbon 

which forms the cyclopropene ring between carbons 9 and 10. 

It has been proven that the cyclopropene ring is 

the biologically active component of these compounds (15). 

The suggestion has been made that sulfhydryl groups of 

biological proteins react in vivo with the cyclopropene 

ring in a fashion similar to the in vitro reaction of the 

sulfhydryl groups of mercaptans with the cyclopropene ring 

(10). That sterculic acid has been found to be a competi

tive inhibitor of an enzyme lends some support to this 

hypothesis. 

Recent studies with rats, utilizing Sterculia 

foetida oil as a rich dietary source of sterculic acid 

(24), have shown that CPFA increase the amount of lipid 

in the liver and alter the ratio of saturated to unsaturated 

fatty acids in the liver, brain, testes, omental fat, and 

epididymal fat. By using the modified Halphen test, a 

colorimetric test specific for the cyclopropene ring (7), 

the cyclopropenoid compounds were found in the fatty acid 

fractions of the organs and fat depots studied. Reproduc

tion in these animals was severely impaired and the young 

which were produced were either stillborn or died shortly 

after birth. 
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Since pjreyious work with rats fed CPFA mainly in

volved the fatty acid composition of tissues and the gross 

effects on reproduction, the present study was undertaken 

to determine the histological effects of CPFA on the rat and 

its offspring. Tissue changes and pathology were investi

gated by hisfcochemical and histopathological methods. Al

though the exact mode of action of CPFA on metabolic 

processes has yet to be elucidated, this investigation 

indicates a disturbance of the delicate relationship be

tween the female gonads and the pituitary gland and an 

alteration of membrane permeability. 



MATERIALS AND METHODS 

The histological studies presented in this report 

were performed on rats from three separate experiments. 

Experiment 1 dealt with the effects of CPFA on sexual matur

ity in the female; Experiment 2 was a breeding experiment 

designed to determine the effects of CPFA on the ability of 

males and females to reproduce; and Experiment 3 was con

cerned with the effects of CPFA on offspring. 

In all experiments, Sprague-Dawley rats were main

tained from weaning on a complete purified diet (25) con

taining either 4% safflower oil (the control diet), 3% 

safflower oil - 1% S. foetida oil, 2% safflower oil - 2% 

S^. foetida oil, or 1% safflower oil - 3% foetida oil 

(the experimental diets). The safflower oil used was a 

commercial product obtained from S. E. Rykoff and Company, 

Los Angeles, California. The S. foetida oil was extracted 
(25) from £. foetida seeds obtained from Mr. Zoilo Fraga, 

Forestry College, Laguna, Philippines, 

Male and female rats were housed and fed in separ

ate hanging galvanized screen cages in animal quarters 
i 

where conditions of temperature, humility, and light were 

controlled. Females in all three experiments were examined 

daily for vaginal entroitus which signaled the onset of 

7 
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sexual maturity. After disappearance of the vaginal mem

brane, daily vaginal smears were taken from each female and 

examined microscopically for the purpose of characterizing 

the estrus cycles. The degree of cornification of the epi

thelial cells in vaginal smears was studied by staining 

with Shorr's simplified trichome stain (28). 

At eight months of age, the females in Experiment 

1 were sacrificed by interperitoneal injection of Surital. 

Their ovaries, oviducts, and uteri were removed, weighed, 

fixed in 10% neutral buffered formalin, paraffin embedded, 

sectioned at 10;a, and stained with hematoxylin and eosin. 

Cross sections through different levels of the ovaries and 

attached oviducts and through the mid-portions of the 

uterine horns were examined. The slides were grouped ac

cording to the stage of estrus at the time the rat was 

sacrificed in order to facilitate accurate comparisons. 

In Experiments 2 and 3, vaginal smears were used 

to determine when ovulation was about to occur. Females 

found in proestrus in the morning were placed in males' 

cages overnight. The presence of spermatozoa in the next 

morning's vaginal smear was taken as an indication that 

pregnancy would occur and no further smears were taken 

from that particular female. Females were weighed twice 

each week and increases in weight above those associated 

with normal growth were used to substantiate pregnancy. 
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In cases of infertile matings, the taking of vaginal smears 

was resumed and the females remated with different males. 

In Experiment 2, females in the four diet groups 

were bred with males from each of the four groups, so that 

the reproductive performance of the males and females in 

the sixteen breeding combinations could be compared. The 

number of litters and the number and condition of young in 

each litter produced were noted. Adult female and male 

rats were sacrificed at 6 or 12 months of age and the fol

lowing tissues were processed, as described above, for pre

liminary histological examination: brain, spinal cord, 

nerve, lung, heart, thoracic aorta, jejunum, ileum, colon, 

liver, pancreas, cervical lymph nodes, spleen, kidney, 

adrenal gland, testis, and epididymis. Female rats were 

sacrificed in proestrus since a greater number of large 

follicles were about to ovulate and the corpora lutea of 

the current cycle were past their maximum development. 

Ovaries used for follicle counts and measurements (12) 

were fixed in Bouin's or Zenker's fluids, paraffin embedded, 

sectioned serially at 10ja, and stained with hematoxylin 

and eosin. Cold 10% neutral buffered formalin fixed frozen 

sections of ovaries from females sacrificed by concussion 

were cut at lOp on a cryostat and acid phosphatase activity 

was studied using a modified Gomori lead method C29, p. 639) 

in which p-nitrophenyl phosphate was used as the substrate 
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instead of>6-glycerophosphate, Livers and thoracic aortas 

studied for fat deposition were fixed in 10% neutral buf

fered formalin, cut at IOjj, on a cryostat, and stained in 

Sudan black B (29) . Sections of liver, pancreas, and 

cervical lymph nodes were also stained by the Prussian 

blue Method for the demonstration of iron (29, p. 592). 

In Experiment 3, females in the four diet groups 

were bred with control males starting at approximately 

three months of age. Pregnant control and S^. foetida oil 

females were sacrificed on the 20th day prepartum, their 

abdominal walls opened, and the uterine horns exposed for 

gross examination of metrial glands and fetal swellings. 

The uterine horns were then opened and the number and con

dition of fetuses noted. Living fetuses were weighed and 

examined for developmental defects. They were sacrificed 

by severing the spinal cord and their lungs, hearts, aortas, 

livers, spleens, pancreases, stomachs, intestines, kidneys, 

and adrenal glands fixed in Bouin's fluid or 10% neutral 

buffered formalin for routine histological examination. 

The eviscerated carcasses were preserved in 95% alcohol, 

cleared in KOH, and stained in alizarin red for skeletal 

studies (31). Mammary glands and portions of the uterine 

wall with their attached placentae were also removed from 

the adult females for study. 
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Other pregnant control and foetida oil rats in 

Experiment 3 were allowed to deliver their litters and the 

number, weights, and condition of the newborn were noted. 

Some of the living control and S. foetlda oil newborn were 

sacrificed and their tissues treated as above. Whenever 

possible, the birth of young was observed so that dead or 

moribund young could be removed from the mother's cage and 

examined before they were eaten. 

Frozen sections of fetal and newborn livers and 

aortas were stained in Sudan IV. Pituitary and thyroid 

glands were removed from control females and from females 

in the 3% S. foetida oil diet group who had not mated or 

produced litters. The glands were fixed in Zenker-formol 

solution and paraffin embedded. The pituitary glands were 

serially sectioned at 4p in a horizontal plane and stained 

with azocarmine (4), Differential cell counts were made 

of the acidophils and basophils of the anterior lobe. 

Cross sections through the mid-portions of the thyroid 

glands were stained with hematoxylin and eosin. 



RESULTS 

Experiment 1, concerned with the effects of CPFA 

on sexual maturity in the female, showed that the ingestion 

of 3% £3. foetida oil significantly increased the age at 

which vaginal entroitus occurred and resulted in higher 

liver weights and lower ovary-oviduct-uterus weights (25). 

Estrus cycles were irregular and tended to be much longer 

than those of normal females. 

Microscopic examination of the daily vaginal smears 

indicated that in rats fed S. foetida oil, cornification of 

the vaginal epithelium was suppressed. Smears from these 

females contained primarily leukocytes and small round epi

thelial cells. In 2% and 3% S. foetida oil fed rats, such 

a pattern sometimes persisted for as long as two weeks be

fore cornified cells appeared in the smears. When cornified 

cells did appear, they were almost always accompanied by 

leukocytes and immature epithelial cells. These smears 

were labelled as "weak estrus" and staining with Shorr's 

trichrome stain revealed that only 50% of the squamous epi

thelial cells present were actually cornified. 

Histological examination of the ̂ reproductive tissues 

of proestrus rats showed that the Graffian follicles of the 

foetida oil Zed rats were smaller than those of controls 

12 



and a greater number of them appeared to be atretic. Mor

phological criteria used in diagnosing atresia of ovarian 

follicles were as follows: nuclear karyolysis, cytoplas-

molysis, division, and fragmentation of the ovum; shrinkage 

of the ovum away from the cumulus oophorus or disintegration 

of the cumulus oophorus? nuclear pyknocis, fragmentation, 

and lack of mitoses in the granulosal cells; dissociation 

of the granulosa into the liquor folliculi; and invasion 

and replacement of the granulosa by cells from the theca 

interna. 

There were no apparent changes in the oviducts of 

3. foetida oil fed rats, but the uteri, which were smaller 

in diameter than those of control rats, showed hypoplasia 

of the endometrium and myometrium. The muscle fiber bundles 

of the myometria, especially the longitudinal muscle layer, 

were loosely arranged and lacked the compact appearance of 

the controls. The under-developed endometrium contained 

fewer uterine glands than in controls. 

In Experiment 2, which dealt with the effects of 

CPFA on reproduction, females fed 3% S. foetida oil were 

unable to produce litters when mated with S. foetida oil 

or control males (18), Some litters were produced by 2% and 

1% S. foetida oil fed females, but their offspring were 

either stillborn or died shortly after birth. Control fe

males produced viable litters with all four groups of males. 
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Histological comparison of the testes and epididymides of 

the control and S/ foetida oil males showed no apparent 

differences in sperm production or storage. 

Serial sections of the proestrus ovaries of the rats 

in Experiment 2 showed that although follicular development 

was depressed in £[. foetida oil fed rats, primary follicle 

production was comparable to that of controls. However, 

there was a higher incidence of degeneration of primary 

follicles in the J3. foetida oil fed rats in which atrophic 

changes such as nuclear karyolysis and cytoplasmolysis were 

seen in the ova. Many of the degenerated primary follicles 

and small vesicular follicles were turned into lobules of 

interstitial tissue (Fig. 2). The central cavities of such 

lobules are formed by the zona pellucida of completely or 

partially degenerated ova. 

There was a higher incidence of atresia seen in 

vesicular follicles of all sizes (Fig. 3) and of the small 

number of apparently viable mature follicles, very few were 

comparable in size or physical appearance to those of con

trol rats (Fig. 4). Some large follicles were seen in 

which the granulosa had continued to proliferate to the 

point where the entire follicle was filled with almost a 

solid mass of granulosal cells (Fig. 5). No ova were found 

within these follicles. The average diameter of the largest 

non^atretic vesicular follicles was 850jj for controls and 



Fig. 2, Cortex of CPFA Ovary. 

Portion of ovary of pspestrus CPFA fed rat. The 
cortex consists mainly of lobules of interstitial 
tissue formed from atretic follicles. Little fol
licular development is occurring and luteal tissue 
(lower right hand corner) is sparse. Fragmentation 
of the ovum has occurred in the small atretic fol
licle at the right. Hematoxylin and eosin. 
Mag. 125. 

Fig. 3. CPFA Atretic Ovarian Follicles. 

Atretic follicles in ovary of proestrus CPFA fed 
rat. The ovum of the large vesicular follicle is 
shrunken and its nucleus has undergone karyorrhexis. 
The granulosa and cumulus oophorus are disintegrat
ing and nuclear fragments are dispersed in the 
liquor folliculi. Hematoxylin and eosin. 
Mag. 125. 
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Fig. 2. Cortex of CPFA ovary. 

Fig. 3. CPFA Atretic Ovarian Follicles. 



Fig, 4, Normal Ovarian Follicle, 

Large vesicular follicle in ovary of proestrus 
control rat. Hematoxylin and eosin. Mag, 125. 

Fig. 5. Granulosal Proliferation in CPFA Follicle. 

Abnormal proliferation of granulosa in follicle 
of proestrus CPFA fed rat. Necrosis is occurring 
about the small central cavity and luteal elements 
are invading the outer area of the granulosa. 
Hematoxylin and eosin. Mag. 125. 
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Fig. 4. Normal ovarian Follicle. 

Fig. s. Granulosal Proliferation in CPFA Follicle. 
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68Op for S. foetida oil fed rats. In controls, the average 

number of non~atretic proestrus follicles in both ovaries 

was 11, while in S. foetida oil fed rats it was 6. 

The smaller size of the ovaries of S. foetida oil 

fed rats was attributed to a smaller amount of luteal tis

sue. Corpora lutea of all sizes and stages of development 

and regression were seen in the ovaries of S_. foetida oil 

as well as control rats (Fig, 6). However, there was a 

characteristic expansion of the sinusoids of corpora lutea 

of S. foetida oil fed rats (Fig. 7). Regressing corpora 

lutea also showed extensive fatty infiltration (Fig. 8). 

Since there is agreement in the literature that it 

is not possible to recognize early or incipient follicular 

atresia by the use of routine histological methods, acid 

phosphatase activity was studied as a means of corroborating 

the diagnosis of advanced follicular atresia by the morpho

logical criteria previously mentioned (13). Frozen sec

tions were affixed to slides in series of three, that is, 

one section was affixed to the first slide as an enzyme 

control, the next adjacent section affixed to the second 

slide as the enzyme assay, and the next adjacent section 

affixed to the third slide for hematoxylin and eosin stain

ing. This arrangement permitted a comparison of enzymic 

and morphologic atresia. 



Fig, 6, Normal Corpus Luteum. 

Corpus luteum in ovary of proestrus control rat. 
Hematoxylin and eosin, Mag, 125. 

Fig. 7. CPFA Corpus Luteum. 

Corpus luteum in ovary of proestrus CPFA fed rat. 
There is expansion of the sinusoids and central 
necrosis of luteal cells typified by pyknotic 
nuclei and vacuolated cytoplasm. Hematoxylin 
and eosin. Mag. 125, 
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Fig. 6. Normal Corpus Luteum. 

Fig. 7. CPFA Corpus Luteum. 



Fig. 8. Fatty Infiltrated CPFA Corpus Luteum. 

Fatty infiltration in regressed corpus luteum of 
proestrus CPFA fed rat. Hematoxylin and eosin. 
Mag. 125. 
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Fig. 8. Fatty Infiltrated CPFA Corpus Luteum. 
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Follicles which appeared atretic by morphological 

criteria were found to have acid phosphatase activity in 

the granulosa. In general, there was good agreement be

tween adjacent sections with respect to advanced follicular 

atresia. However, there were instances in which non

vesicular and small vesicular follicles appeared normal by 

morphological criteria, but exhibited enzyme activity in 

the granulosa. Since the quality of the hematoxylin and 

eosin stained frozen sections was not as good as that of 

paraffin sections, it is possible that indications of 

atresia in some of the vesicular follicles were not obvious. 

In comparing enzyme activity of ovarian sections of 

control and E3. foetida oil fed rats, it was noted that there 

was more activity in corpora lutea of controls. Corpora 

lutea of the second generation (from the cycle previous to 

the last estrus cycle) had the greatest activity while the 

older and recent corpora lutea exhibited only slight ac

tivity. In contrast, the corpora lutea of S. foetida oil 

fed rats showed very little or no activity. Since enzyme 

activity falls off in old corpora lutea, and since the 

estrus cycles of S, foetida oil fed rats are longer, it is 

possible that their corpora lutea lose enzyme activity by 

the time the next ovulation approaches. 

There was no evidence of fat deposition in the Sudan 

black B stained sections of the livers and thoracic aortas 
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of controls or the thoracic aortas of S. foetida oil rats. 

However, the gross appearance of the livers of the S. 

foetida oil fed rats was similar to that seen in dietary 

fatty liver production. The capsule was shallowly pitted 

and a diffuse yellow stipling gave the whole organ a pale 

appearance. Histologically, there was central lobular con

centration of fat which was finely dispersed within the 

cytoplasm of the hepatic cells. There was no evidence of 

focal necrosis or of connective tissue or bile duct pro

liferation, conditions often seen in fatty livers, 

A heavier concentration of brown pigment granules 

was noted in sections of livers and pancreases of £3. foetida 

oil rats than in those of controls. This same brown pigment 

was found in the lymph nodes of the £3. foetida oil fed rats 

and was identified as reactive ferric iron (hemosiderin) 

by the modified Perls' Prussian blue Method, No other dif

ferences were observed in the tissues of foetida oil and 

control rats. 

In Experiment 3, in which the effects of CPFA on 

offspring were studied, only a few of the females fed 3% 

£3. foetida oil mated, and only one of these exhibited a 

weight gain suggestive of pregnancy. The uterus of this 

female, examined at the termination of the experiment, con

tained pigmented placental scars at implantation sites of 

resorbed embryos or fetuses (16), 
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When control, 1% and 2% £, foetida oil females were 

sacrificed on the 20th day prepartuju, the uteri of the 

foetida oil females contained some dead fetuses and pla

cental remnants in various stages of resorption (Fig. 9). 

The uteri were also more vascular than those of controls, 

particularly where resorption was taking place. There were 

no apparent differences in placentae of control and 

foetida oil rats, although those of the latter seemed less 

adherent to the uterine wall. 

The living fetuses of S. foetida oil fed rats had 

an average body weight of 3.5 grams, while that for con

trols was 5 grams. Gross examination of external and in

ternal structures and skeletal preparations revealed that 

except for their smaller size, S. foetida oil fetuses were 

indistinguishable from controls (Fig. 10). Since the gesta

tion period for S, foetida oil fed rats was increased from 

the 21 or 22 days for controls to 26 to 28 days, the slower 

irate of development made accurate histological comparisons 

with control fetuses difficult. However, the changes seen 

in S. foetida oil newborn were also seen in S. foetida oil 

fetuses. 

Observation of the living newborn of S. foetida oil 

fed rats revealed that soon after birth, the young became 

cyanotic, normal breathing movements gave way to convulsive 

gasps, and finally, death ensued. Areas of subcutaneous 



Pig. 9, Normal and CPFA uteri. 

Uteri of control and CPFA fed rats sacrificed on 
the 20th day prepartum. The control uterus con
tained 9 living fetuses. The uterus of the CPFA 
fed rat contained 5 fetuses, one of which was 
dead (x) and three placentae undergoing resorp
tion (arrows). 

Fig. 10. Normal and CPFA Fetuses. 

Fetuses removed from the above uteri. There is 
no apparent external difference other than size. 
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Fig. 9. Normal and CPFA Uteri. 

Fig. 10. Normal and CPFA Fetuses. 
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hemorrhage were seen on the muzzle, top of the head, the 

limbs, and back, The latter area, located on the midline 

at the level of the scapulae, occurred with surprising 

frequency. 

Gross examination of internal organs of £. foetida 

oil young, sacrificed just prior to death, revealed areas 

of hemorrhage in the lungs, pale swollen kidneys, yellowish 

areas in the livers, and yellow discoloration of the in

testines. Histological comparisons of the lungs of control 

(Pig. 11) and S. foetida oil (Fig. 12) young showed hemor

rhages into the alveoli of the latter. Occasionally, small 

areas of hemorrhage were seen in the hearts, livers, and 

kidneys of S_. foetida oil young. 

The kidneys of young from S. foetida oil fed fe

males exhibited degenerative and necrotic changes such as 

nuclear pyknosis and cytoplasmolysis of the epithelial 

cells of the convoluted tubules and shrinkage of the glom

eruli (Figs. 13 and 14). Fibrous tissue infiltration and 

condensation and fibrosis of glomeruli were also observed 

in many of the kidneys (Figs. 15 and 16). During the de

hydration phase of the embedding process, there was greater 

shrinkage of the kidneys of £L foetida oil young, resulting 

in the wrinkled appearance of the kidney capsule in longi

tudinal sections. 



Fig. 11, Lung of Normal Newborn. 

Section through lung of control newborn showing 
normal appearance of alveoli. Hematoxylin and 
eosin, Mag. 125. 

Fig. 12. Lung of CPFA Newborn. 

Section through lung of CPFA newborn sacrificed 
just prior to death. Alveoli are filled with 
erythrocytes and cellular debris. Hematoxylin 
and eosin, Mag. 125. 
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Fig. 11. Lung of Normal Newborn. 

Fig. 12. Lu~g of CPFA Newborn. 



Fig. 13, Kidney Cortex of Normal Newborn, 

Section through cortex of kidney of control new
born showing normal appearance of glomeruli and 
convoluted tubules. Hematoxylin and eosin. 
Mag. 300. 

Fig. 14. Kidney Cortex of CPFA Newborn. 

Section through cortex of kidney of CPFA newborn 
sacrificed just prior to death. Note the necrosis 
of convoluted tubules and shrinkage of glomeruli. 
Hematoxylin and eosin. Mag. 300. 
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Fig. 13. Kidney Cortex of Normal Newborn. 

Fig. 14. Kidney Cortex of CPFA Newborn. 



Pig. 15. Kidney of Normal Newborn. 

Longitudinal section through kidney of control 
newborn showing normally developing cortex and 
medulla. Hematoxylin and eosin. Mag. 30. 

Fig. 16. Kidney of CPFA Newborn. 

Longitudinal section through kidney of CPFA new
born sacrificed just prior to death. Note the 
wrinkled kidney capsule, fibrosis of glomeruli 
(x), swelling and loss of cellular detail in 
tubules, and fibrotic area containing a hemor
rhagic site (y). Hematoxylin and eosin. 
Mag. 30. 
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Fig. 15. Kidney of Normal Newborn. 

X 

y 

Fig. 16. Kidney of CP~A Newborn. 
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In the livers of S. foetida oil young, cytoplas-

jnolysis or compression of the cytoplasm had occurred (Figs. 

17 and 18), In Sudan IV stained frozen sections, no addi

tional fat was seen in the livers. Hemopoietic activity 

was still evident in livers of both control and S. foetida 

oil young, but there appeared to be more in the livers of 

the latter. 

S. foetida oil fed rats that did produce litters 

containing some live young never suckled them. Most often 

the mother rat was indifferent to her young and destroyed 

them if they were left in the cage. Some of these young 

were placed in cages with control foster mothers. Only a 

few of these survived long enough or were strong enough to 

be suckled. 

When mammary glands of 20th day prepartum £3. foetida 

oil and control females were compared, a striking difference 

in the amount of glandular tissue was noted. The glands of 

controls showed replacement of all but a small amount of 

interstitial tissue by glandular tissue in preparation for 

lactation (Fig. 19). In contrast, the glands of £. foetida 

oil fed females had maintained an inactive appearance with 

small amounts of glandular tissue dispersed within the fat-

cell-laden interstitial tissue (Fig, 20), 

Differential cell counts of acidophils and basophils 

of the anterior pituitary glands of control and S. foetida 



Fig. 17. Liver of Normal Newborn, 

Section through liver of control newborn. 
Hemopoietic activity is still evident. Hema
toxylin and eosin, Mag. 300. 

Fig. 18. Liver of CPFA Newborn. 

Section through liver of CPFA newborn sacrificed 
just prior to death. The hepatic cells are ir
regular in outline and the cytoplasm is either 
condensed about the nuclei or missing. Many nu
clei have lost normal detail. Hemopoietic activ
ity is still present. Hematoxylin and eosin. 
Mag. 300. 
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Fig. 17. Liver of Normal Newborn. 

Fig. 18. Liver of CPFA Newborn. 



Fig. 19. Mammary Gland of Control Rat, 

gection through mammary gland of 20th day pre-
partum control rat. Glandular tissue occupies 
most of the structure. Hematoxylin and eosin. 
Mag. 125. 

Fig. 20. Mammary Gland of CPFA Rat, 

Section through mammary gland of 20th day pre-
partum CPFA fed rat. A small amount of glandu
lar tissue is dispersed within interstitial 
tissue composed mainly of fat cells. Hematoxylin 
and eosin. Mag. 125. 
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Fig. 19- Mammary Gland of Control Rat_ 

Fig. 20- Mammary Gland of CPFA Rat. 
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oil females showed an increase in the number of basophils 

in the latter, In addition, the glands of several S. 

foetida oil fed females contained basophil cell-lined fol

licles filled with basophilic fluid. The basophils of the 

anterior pituitary consist of beta cells (thyrotrophs) and 

delta cells (gonadotrophs) which are difficult to distin

guish on the basis of staining properties. An increase in 

basophil cells could be attributed to diminished gonad or 

thyroid function. Therefore, the histological appearance 

of the thyroid glands was used as a criterion for evaluating 

the basophil cell increase seen in S. foetida oil fed fe-

males. The comparison of thyroid glands of control and 

foetida oil females showed no evidence of impaired or 

diminished thyroid function in the latter. Number, size, 

colloid content, and state of the cuboidal epithelium of 

thyroid follicles were found to be comparable. 



DISCUSSION 

Previous research has shown that CPFA affect fatty 

acid metabolism in animals (17) and plants (8) and that they 

do so by acting as competitive inhibitors of the enzyme 

system which desaturates stearic acid to oleic acid (9). 

The extensive backlog of information accumulated from 

studies on hens and eggs and the additional information 

gained through the tissue studies presented in this report 

tend to suggest that CPFA alter membrane permeability and 

create a disturbance of the pituitary-gonadal axis in female 

animals. 

The hypoplasia of the female reproductive tract and 

the delay in the attainment of sexual maturity associated 

with CPFA ingestion seems indicative of some defect in 

estrogen metabolism. In normal rats, growth of the pre-

puberal reproductive structures, vaginal entroitus, and 

establishment of regular estrus cycles are mediated by 

estrogen. The maintenance of regular sex cycles is de

pendent upon the hormonal feedback established between the 

pituitary and ovaries. In S. foetida oil fed rats, this 

feedback mechanism is apparently disrupted, resulting in 

irregular, lengthened, and "weak" estrus cycles in which 

there is incomplete cornification of the vaginal epithelium. 

32 



I 

f 

33 

The increased follicular atresia seen in the pro-

estrus ovaries of S. foetida oil fed rats could possibly 

result in diminished estrogen production. Since it is 

estrogen which stimulates growth of the endometrium and 

myometrium of the uterus and prepares it for implantation, 

the lack of uterine development and inability to produce 

litters may reflect an estrogen deficiency. The cause of 

follicular atresia can only be speculated at this time, but 

may involve an imbalance in production and release of the 

gonadotrophins FSH and LH. Low circulating estrogen levels 

stimulate the production and release of FSH which primes 

follicular development and subsequent estrogen production. 

Increasing estrogen levels inhibit FSH production and re

lease and trigger the production and release of LH which is 

necessary for follicular maturation and ovulation. If 

estrogen production is inhibited in some way, LH production 

.and release will be affected. A deficiency of LH might re

sult in cessation of follicular growth and possibly atresia. 

The fact that S. foetida oil fed rats produced as 

many primary follicles as controls is understandable since 

early growth of ovarian follicles proceeds independently 

without pituitary gonadotrophins (32). However, the de

velopmental process continues until the follicle reaches 

a stage at which it becomes responsive to gonadotrophins 

(32, p. 453), It may be at this point that follicular 
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atresia occurs in the ovaries of IS, foetida oil fed rats. 

However, the early atresia of the primary follicles in which 

degeneration of the ovum had occurred, must have some other 

cause, perhaps some of the same changes which CPFA elicit 

in the hen's egg occur in the rat's ovum and cause its 

degeneration. 

The decrease in luteal tissue in ovaries of £. 

foetida oil fed rats may be accounted for by increased fol

licular atresia. Since there were fewer large vesicular 

follicles in the ovaries at proestrus, corpora lutea were 

formed for only the number of follicles which ruptured and 

became luteinized. Although all females were sacrificed in 

the proestrus stage, the number of days between proestruses 

was as many as 14 in some foetida oil fed rats. In these 

cases, corpora lutea from previous cycles reached an ad

vanced stage of involution, resulting in a smaller overall 

amount of luteal tissue. The advanced age of these corpora 

lutea may also account for their lack of acid phosphatase 

activity and the expansion of their sinusoids. The in

creased fatty infiltration of involuting corpora lutea may 

be involved with the increase in saturated fat brought about 

by CPFA. Since the amount of saturated fat increases in the 

testes of S, foetida oil fed rats (24) it is likely that the 

same thing occurs in the ovaries. 
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Although corpora lutea formation did occur in S. 

foetida oil fed rats, luteinization does not necessarily 

lead to functional corpora lutea (32, p, 513) and fetal 

death and resorption could result from a lack of proges

terone from the corpora lutea. Both estrogen and proges

terone, acting as synergists, stimulate mammary gland 

development, and their diminished production could account 

for the hypoplasia seen in mammary tissue from 2 0th day 

prepartum rats. 

Castration or cessation of function removes the 

ovary's inhibitory influence on the pituitary gland. This 

results in an increase in the number and size of the pi

tuitary 's gonadotrophin secreting basophil cells. Since 

there was no discernible change in the thyroid glands of 

S. foetida oil rats, the increase of basophil cells in 

their pituitary glands is considered a reflection of de

creased or arrested ovarian function. 

The study of fetuses and newborn indicates that CPFA 

are most harmful to developing tissues and their presence in 

the diet of the gravid female predisposes death of the off

spring. The primary cause of mortality of newborn appears 

to be anoxia resulting from hemorrhage into the alveolar 

spaces of the lungs. The presence of hemorrhagic sites in 

other tissues in addition to the lungs suggests that capil

lary fragility may be involved (16). The degeneration and 

necrosis seen in the kidneys and livers of fetuses and 
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newborn may be associated with irreversible hydropic change. 

If the death of newborn had not occurred due to anoxia, it 

would have resulted from impaired kidney and liver function. 

In general, the detrimental effects of CPFA on 

reproduction in the rat become more profound as the concen

tration in the diet is increased. In these experiments, no 

attempt was made to see if the effects of CPFA were re

versible. However, previous work with hens showed that egg 

production (27) and embryo viability (23) were gradually 

restored to normal levels after cessation of dietary sup

plementation of CPFA. It has also been reported (20) that 

oleic acid supplementation increased egg production in S. 

foetida oil fed hens, but never restored it to normal levels. 

Adult animals have been shown to be relatively un

affected by changes in dietary lipids (1) and this may ac

count for the fact that the only other noticeable effects 

of CPFA on adult rats were the occurrence of a fatty liver 

and the deposition of excess hemosiderin in the reticulo

endothelial tissues. Since dietary stearic acid cannot be 

converted to oleic acid, its build-up in the liver is under

standable. Diffuse hemosiderosis is characterized by ac

cumulation of hemosiderin in the reticuloendothelial cells 

of the spleen, liver, and lymph nodes (15) and is usually 

associated with excessive red blood cell destruction. 

Erythrocyte fragility might explain the hemosiderosis seen 
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in S, foetida oil fed rats, but h^s not yet been investi

gated. 

Female reproductive tissues undergoing cyclic 

change, embryonic tissues, and blood-cell-forming tissues 

are characterized by rapid proliferation, differentiation, 

and growth. Logically, these would be the tissues most af

fected by toxic agents which alter their structure and 

metabolism. Since the detrimental effects of CPFA on the 

hen's egg appear to be the result of altered membrane per

meability, it seems feasible that other biological membranes 

<?ould similarly be affected. Studies of the effects of 

dietary lipids on the rate of hemolysis of erythrocytes 

have shown that cell permeability is altered by the incor

poration of various fatty acids into the membrane's phos

pholipids (30). Variation in the concentration of oleic and 

other unsaturated fatty acids has a profound effect on the 

permeability of erythrocytes to glycerol (11). CPFA may be 

incorporated into the phospholipids of the cell's membranes, 

or their inhibition of oleic acid production may affect the 

amounts of this fatty acid in the membrane's phospholipids. 

Thus, it appears that CPFA exert their deleterious 

effects through several different, yet interrelated func

tions. Since they apparently affect fatty acid metabolism, 

the possibility that they also affect phospholipid and 

steroid metabolism should be investigated. The histological 
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changes seen in CPFA fed rats and their offspring indicate 

that phospholipid or steroid metabolism studies might eluci

date the fundamental action of cyclopropenoid fatty acids 

in biological systems. 



SUMMARY 

When cyclopropenoid fatty acids (CPFA) are fed to 

the rat, fatty acid metabolism is altered and reproduction 

is impaired. Histological changes in the tissues of adult 

rats and the offspring of rats fed Sterculia foetida oil 

as a source of CPFA were studied by histochemical and histo-

pathological methods. 

Results of this study indicate that, in addition to 

their effect on lipid metabolism, CPFA also interfere with 

the normal functioning of the pituitary-gonadal axis in the 

female and alter membrane permeability. The following ob

servations are considered indicative of a disturbance of 

the pituitary-gonadal relationship: hypoplasia of the re

productive tract of the female and delayed vaginal entroitus, 

non-cornification of the vaginal epithelium and irregular 

estrus cycles, decline in mating behavior and failure to 

conceive, resorption of embryos and fetuses and death of 

fetuses and newborn, ovarian changes including increased 

follicular atresia and a diminished amount of luteal tissue, 

lack of mammary gland development, and an increase in baso

phil cells of the anterior pituitary. Possible indications 

of altered cell membrane permeability include the degenera

tive and necrotic changes in kidneys and livers of fetuses 

39 
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and newborn, capillary fragility within alveoli of the lungs 

of newbornf and deposition of hemosiderin in the reticulo

endothelial tissues of the adult. . The only other histo

logical change seen in CPFA fed rats was the production 

of a fatty liver which is probably the result of the in

crease of saturated fatty acids in the rat's tissues. 
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