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Effect of Vitamin-E Deficiency on Amount of Gonadotrophin in the 
Anterior Pituitary of Rats." (17486) 

S. Y. P'AN, H. B. VAN DYKE, H. KAUNITZ AND C .  A. SLANETZ (With the technical 
assistance of Ruth Ellen Johnsun and Elaine Mackenzie) 

From the Departments of Pharmacology, Pathology, wnd Animal Care, College of Physicbna 
and Surgsons, Columbia University. 

Associated with a deficiency of vitamin E 
in males athere are degenerative changes in the 
germinal epithelium and: disappearance of 
spermatogenesis without apparent mmphologi- 
cal alteration of the interstitial cells. The fail- 
ure of vitamin-E deficient female rats to be- 
come pregnant is  apparently due to a disturb- 
ance of the implantation prcucess ratcher than 
the absence of Icrvulation; there is no direct 

*Aided by grants from E. R. Squibb and Sons, 
the United States Public Health Service, and the 
Williams-Waterman Fund of the Research Cor- 
poration. 

proof of ovarian dysfunction.( 1,2) Since nor- 
mal function of the ovaries and testes is de- 
pendent upon the anterior pituitary, several 
authors have compared the morphology or the 
gonadotrophic potency of the anterior pitui- 
tary of normal rats and of rats on a diet defi- 
cient in vitamin E. In males, van Wagenen(3) 
found castration changes in the basophils of 

1. Kaunitz, H., and Slanetz, C. A., PROC. Soc. 
EXP. BIOL. AND MED., 1947, v66, 334. 

2. Blandau, R. J., Kaunitz, H., and Slanetz, 
C. A., J .  Nutr., 1949, v38, 97. 

3. Van Wagenen, G., Anat. Rec., 1925, v29, 298. 
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the gland. Her results were extended and con- 
firmed by Koneff.(4) The anterior pituitary of 
female E-deficient rats likewise showed the 
morphological chlanges characteristic of spay- 
ing, according to Joel.(5) Both Koneff and 
Joel also described a hypertrophy and a de- 
crease in the number of oxyphils. In  conform- 
ity with these findings, Ndson(6) reported 
that the increase in the gonadotrophic potency 
of the pituitary of E-deficient males ap- 
proached that of the gland of castrates. He 
detected no difference in the amount of go- 
nadotrophin in the pituitaries of normal and 
E-deficient females. However, 31 cQueen-Wil- 
lianis( 7 )  concluded that glands from E-defi- 
cient female rats contain about twice as much 
gonadotrophin as those from normal rats or 
E-deficient rats receiving the vitamin for 2 
weeks or longer. In contrast with the foregoing 
reports, Biddulph and Meyer(8) stated that 
pituitary powder from vitamin-E deficient 
male or female rats produced the same weight 
change in the ovaries of hypophysectomized 
rats used for assay as normal pituitary powder 
from a corresponding sex. However, they be- 
lieved that malle pituitaries from Edeficient 
rats contained' an increased amount of lutein- 
izing (interstitial-cell stimulating) hormone. 
The gonadotrophin in all these experiments 
was assayed in immature female rats whereas 
Rowlands and Singer (9) employed a different 
method: the production of ovulation in es- 
trous rabbits. .kcording to their findings, 
the pituitary of the E-deficient female rat 
contained less gonadotrophin than the iiormal 
although this may have depended upon a 
reduction of a gonadotrophin not detectable 
in the assays in rats. 

With the exception of the experiments of 
Biddulph and Aleyer, all the assays in the 
work cited above were performed in animals 

4. Koneff, A. A., dncct. R f c . ,  1939, r74, 383. 
5. Joel, C. A., ,Vo)tatschr. Grburtsh. Gynox'., 

6. Selsoii, TT'. O., i i n c i f .  X t c . ,  1931, 1-56, 241. 
7.  JIcQueen-T~rilliniiis, X, A n n t .  Rec., 1934, v.38 

8. Biddulph, C., aiid Jlq-er, R. I<., dnier.  J .  

9. Rowlands, I. K., nnd Singer, E., J. Physiol., 

1943, 1-116, 388. 

(Suppl.), 77.  

Pliysiol., 1941, 1713'7, 259. 

1936, 1786, 323. 

TABLE I. 
Coiiipositioii of Vit. 33 Deficient Dirt. 

Basal iiiisture % 

Casein. c iude 
C'erelose 
Lard, comiiiercial 
Salt mixture (Hamk-Oscr) 
Celluration 

Supplements of basal iiiisture mg/'kilo 

Thia iiiiiie chloride 
Rihoflarin 
Pyridosiiie 
Calcium prntotheiiatc 
p-Ahi i io  beiizoic acid 
Choline 
Iiiositol 
Vit. K 
Oleuiii perconiorpliuin 

with intact pituitaries. It seemed of interest 
to reinvestigate the problmem by performing the 
assays in hypophysectomized male rats so that 
(a)  any contribution of ;the anterior pituitary 
of the assay animals to the gonadotrophic ef- 
fect of the glands of donors could be excluded, 
and, (b )  , interstitial-cell stimulation could$ be 
better evaluated horn effects on the anterior 
prostate. The female donor groups were of 
special interest since studies( 2 )  of their 
ovarian function had already been completed. 

Methods. -Albino rats of a highly inbred 
stock were maintained on the vitamin-E de- 
ficient diet given in Table I from birth until 
sacrificed. The control rats received the 
same diet supplemented by 3 mg of synthetic 
dl-alpha-tocopherol acetatet per 100 g 04 the 
diet, permitting a daily intake of 300 pg in 
contrast to 30 micrograms of the vitamin 
afforded by the deficient diet. -4t average 
ages ranging from 315 to 469 days, corres- 
ponding groups of vitamin-E deficient and 
control rats were sacrificed, and the anterior 
pituitary gland from each rat was removed, 
carefully diissected and weighed. The pitui- 
taries from each group of rats were triturated 
together in a mortar into a homogenous fine 
suspension in distilled water, transferred to 
an ampoule, quickly frozfen and dsied in a 
frozen state under high vacuum. 

For the bioassay of its gonadotrophlic po- 

t Synt,hetic dl-alpha-tocopherol acetate was kindly 
supplied by Dr. Leo Pirk of Hoffmann-La Roche. 
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TABLE 11. 
Gonadotrophic Potency of the Anterior Pituitary of Normal and Vitamin-E Deficient Rats. 

Donor rats Wt of ant. pit. 
f 7 

Group Sex Avg age, days No. Body tvt,” g Fresh,” mg/lOO g Dry, mg/100 g 
Normal M 325 12 375 2 1 3 . 4  2.29 f 0.11 .41 
E-deficient M 315 13 255 f 12.3 2.86 & 0.24 .54 
Normal I? 388 12 2 5 4 2  8.7 5.11 2 0.04 .79 
E-deficient F 469 12 2 3 7 k 1 1 . 5  4.35 * 0.20 .71 

Hypophysectomized male recipient rats t 
Ant. pit. powder 

J- \ 
Dose, Wt of testes,” Wt of sem. Wt of ant. 

KO. Source mg 111g P$ ves.,” mg PS prost.,” mg P: 

‘13 121.3 2 3.40 4.68 f .33 10.91 ? .51 

27 Sormal 8 .1 154.2 2 3.39 1 5.90 .36 17.07 2 .711 

49 E-defic. 8 .1 170.1 2 1.28 J 6.14 .34 1 19.05 f .90 j } <.Ol > .6 .1 

19 Sormal 9 .2 147.2 & 3.71 1 4.99 .23 1 16.88 2 .76 1 
29 E-defic. 0 .2 162.6 -c 5.10 J 5.19 i- 2 5  J 17.92 +- .73 J 

) <.02 } >.5 } >.2 

* Mean and standard error of the mean. 
t Average wt range of experimental groups : 40.2 to 41.0 g ; average tvt of controls : 35.9 g. 
# Comparison of means calculated according to “t” method of Fisher. 

tency, a fine suspension of the dried powder in 
physiological saline was made so thzt each 
2 cc contained the total amounlt o\f the gland 
to be injected into one rat. The total dose for 
grolups of rats fojr each day was placed in 
separate vials which were kept frozen until 
injected. One-half cc of the suspension was 
given! subcutaneously on each of the 4 comet- 

utive d’ays, starting one day after operation, 
to a male weanling rat hypophysectomized 
at 21 days of age by the parapharyngeal ap- 
proach. (10) The rats were sacrificed 24 hours 
after (the last injection; the testes, seminal 
vesicles andl anterior prostates were carefully 
removed, of connective tissue and weighb 
ed on a sensitive torsion balance. Any rats 
with remnants of the pituitary as detected by 
examination of the sella with a binocular 
microscope were excluded. A considerable 
number of hypophysectomizd rats was s a d  
ficed prior to the experiments to determine a 
suitable dose of pituitary powder necessary 
to initiate ‘hypertrophy of the sex glands. It 
was found to be 1OQ pg of the male mc? 20U 
pg of the female dried pituitary powder. 

Results. I t  will be seen from Table I1 
10. Smith, P. E., Am. J. Anat., 1930, v45, 205. 

that the tweight of the testes of the immature 
hypophysectomized rats which received in- 
jections of anterior pituitary glands from 
either male or female vitamin-E dedicienlt 
rats was greater than that of rats receiving 
corresponding doses of the gland from normal 
male or female rats. The weights of the 
seminal vesicles and anterior postrates of the 
rats which received1 anterior pituitary from 
nm-mal or vitamin-E deficient male andl fe- 
male donors showed, however, no significant 
difference. 

Discussion. I t  is evident from the forego- 
ing results that th(ere was B significant in* 
crease in the gmadotrophic potency of the 
anterior pituitary glands of vitamin-E defi- 
cient rats af both sexes. These findings, how- 
ever, di’d not indicate whether the increased 
gonadotrophin content of thle anterior pitui- 
tary of the vitamin-E deficient rats was owing 
to an increased production or to a decreased 
secretion or to both. 

The fact that only the weights of the testes 
and not those of the anterior prostates or semi- 
nal vesicles of the hypophysectomized rats 
were greater in rats which received injections 
of anterior pituitary from vitamin E-deficient 
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rats might be attributed (to an increase in 
the pituitary follicular stimulating hormone 
(FSH) without concomitant increase in the 
interstitial-cell stimulating hormone (ICSH) . 
Such an interpretation would be in conformity 
with the well known fact that vitamin-E de- 
ficiency causes degenerative changes of the 
germinal epithelium without evident histologi- 
cal or functional changes in the interstitial 
cells in the testes. It is possible that dif- 
ferences in the quantities of the two gonado- 
trophins could be revealed if several different 
dose levels were to be used for thfe compari- 
sons. However, no conclusion can be drawn 
from the experiments repontd in Table 11. 

That tbe anterior pituitary of the vitamin-E 
deficient female rats also contained an in- 
creased amount of gonadotrophic hormone is 
of interest because of the controversy concern- 
ing ovarian function in vitamin,-E deficiency. 
-4lthough the ovaries of old, E-deficient rats 
showed a greater accumulation of connective 
:tissue and pigmentation than those of controls, 
observations of ovarian function, such as the 
production of ova followed by fertilization, 
revealed no abnormalities. I t  remains to be 
investigated, however, whether the increased 

gonadotrophin content of the pituitary gliand 
indicates a disturbance of ovarian function or 
whether a diffarent explanation must be 
sought. 

Summary. The gonadotrophin content d 
the anterior pituitary taken firom vitamin-E 
deficienlt rats, 315 to 469 days of age, was 
determined. The weights of testes, s m i n d  
vesicles and anterior pmsltstes of groups of 
male (rats hypophysstomized at 2 1  dtays of 
age and subsequenltly injected with s u s p -  
sions of frozen-dried anterior pituitaries were 
compared. The testes of the hpphysecto-  
mized rats which received the pitui'tary suspen- 
sion from vitamin-E deficient male or female 
rats were significantly heavier than those of 
rats which received pituitary powder from the 
controls. There was no difference in the 
weights of the seminal vesicla or anterior 
prostates. 

It is concluded that the gonadotrophin con- 
tent of the anterior pituitary gland is elevated 
in older vitamin-E deficient male and femde 
rats. The relationshmip olf these findings to 
the changes in the gonads in vitamin& de- 
ficiency are discussed. 
Received Nor. 15, 1949. P.S.E.B.M., 1949, v72. 

A Probable Acid Mucopolysaccharide Present in Granulation Tissue." 
(17487) 

STEPHEN S. HUDACK, J. W. BLUNT, JR., PATRICIA HIGBEE AND G. M. KEARIN 
(Introduced by &I. Heidelberger) 

From the  Department of Orthopedic LYiiqyery, College o f  Physicians and Surgeons, Columbia 
University, and the  Surgical Service, PresbyteTinn Hospital, New Podc City. 

This paper is a preliminary report of 
observations made on the healing of experi- 
mental fractures in the rabbit. Certain histo- 
logical and chemical reactions of the reparative 
tissue have led us to the belief thait there 
is present in the early granulation tissue of 
bone repair, an acid mucopolysaccharidae which 
may play a role in tissue healing. Tissue sec- 
tions of rabbit callus from one to 10 days 

* This work was inacle possible by a grant 
through the Office of Sara1 Research, United 
States Navy Department. 

after fracturle were stained mtetachmmatically 
with a 1% solution of toluidine blue. EarIy 
specimens take up only a small quantity of 
the dye. As the granulation tissue forms, 
however, an increasing metachromasia ap- 
pears, and as the fibrous cjonlnective tissue be- 
comes more abundant and differentiated, the 
ability to stain metachromatically w&h tolui- 
dine blue diminishes. Lison( 1) attributed this 
abilitty to stain metachromatically to the 

1. Lison, L., Soc. de Biol. Compb. Rend., 1935, 
1-118. 


