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In vitro protein synthesis, lysosomal hydrolases activity and 
per-se activity in the anterior pituitary were estimated in 
adult male rats treated with 50 pg of estradiol benzoate (EB) 
for 1 day or 7 days. Pituitary protein synthesis, protein and 
RNA content increased after 7 days. A significant increase in 
total and membrane-bound acid phosphatase was noted after 1 day or 
7 days of EB treatment whereas total @-glucuronidase activity 
decreased in both 1 and 7 day group. Cathepsin activity increased 
after 7 days and pituitary peroxidase system did not change by EB 
treatment. These findings suggest that immediate change in the 
enzyme millieu may be one of the first reactions by which EB 
expresses its feedback control. 

Exogenous administration of EB to normal adult male rats caused 

an increase in pituitary weight and decrease in pituitary LH 

secretion (1,2). In de novo synthesis studies, decreased incorpo- 

ration of amino acid precursors into LH molecules was noted, 

however, synthesis of LHasubunit was stimulated by EB as indicated 

by accumulation of excess LHCYsubunit in the pituitary (3,4). It 

was apparent from these studies that EB was somehow affecting the 

pituitary subunit levels either by excess enzymic breakdown of 

newly synthesized LH molecules or by switching the whole machinery 

towards excess production of CYsubunits. In the present study we 

have investigated the effect of EB on pituitary total protein 

synthesis and on pituitary lysosomal hydrolases. It has been shown 

by several investigators that estrogen-induced growth of uterus 

1 Protein synthesis part of this work was done at the Univ. Texas 
Medical School at Houston, U.S.A. 
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is usually accompanied by induction of an enzyme hydrogen 

peroxidase oxidoreductase system (4,5). Since in pituitary also EB 

induces growth, signified by increased weight, it will be of 

interest to study whether such enzyme is existent in the pituitary 

and can be stimulated by EB. 

METHODS AND MATERIALS 

Adult male rata (180-2009 b-w.) of Wistar strain were obtained from 
the animal facilities of our Institute. The animals were maintained 
on a lighting schedule of 14h 1iqht:lOh darkness and food and water 
were available ad libitum. 
Estradiol benzoate was injected subcutaneously daily at a dose of 
5C#q/rat/day in 0.1 ml oil. Control group received same volume of 
oil only. The animals were sacrificed after 1 day or 7 days of 
injection, the anterior pituitaries were separated out, weighed and 
used for different studies. The in vitro method used for estima- 
tion of protein biosynthesis was<imilar as used for gonadotrophin 
biosynthesis (6). In brief, quartered anterior pituitaries (I/flask) 
were incubated in leucine-free Eagle's minimum essential medium 
containing 20 PCi of ( BH)-leucine (New England Nuclear, sp. act. 
50 mCi/mMol) in a Dubnoff's shaker at 37O C for 5hr. in an atmos- 
phere of 95%02:5%CO2 . The pituitaries were homoqenised, centrifuged 
and dialysed to remove free ( 3H)-leucine and counted with TritonX. 
Incorporation into newly synthesized protein was studied by pre- 
cipitation of protein with 20% TCA, the precipitates were washed, 
dissolved in O.lM NaOH and counted in liquid scintillation counter. 
For enzyme estimation, pituitaries of three animals were pooled, 
weighed and homoqenised in 0.25M sucrose(3 pituitaries/ ml). The 
homogenates were centrifuged at 6009 for lOmins, the supernatants 
were separated and recentrifuqed at 105,OOOq in a Beckman Ultra- 
centrifuge at 4O C for 45 mins. The 6009 precipitates were resus- 
pended and centrifuged at 20,OOOq and the pellets of this centrifu- 
qation were extracted with 1% TritonX in 0.25M sucrose, recentrifu- 
qed at 105,OOOq, and used as bound enzyme. Acid phosphatase 
(Orthophosphoric monoester phosphohydrolase, EC 3.1.3.2) was 
assayed using M-sodium p-nitrophenyl phosphate as substrate and p- 
nitrophenol for standard curve '(7). Beta qlucuronidase (B-D- 
qlucuronide qlucurono hydrolase, EC 3.2.1.31) was estimated using 
phenolphthalein qlucuronic acid Sodium salt (Sigma Chemicals, 
2H2O/mole) as substrate(8). Cathepsin was assayed using 5% (W/V) 
gelatin and 0.07M cysteine as substrate (9). Peroxidase (Hydrogen 
peroxidase oxidoreductase, EC 1.11.1.7) activity'was assayed using 
1% 0-dianisidine and 0.3%HzOz as substrate, horse raddish 
peroxidase was used for standard (10). 
Protein was estimated by the method of Lowry et al (1l)usinq bovine- -- 
serum albumin as standard. RNA was estimated by the method of 
Schmidt and Thannhauser (12). 
The data were analysed for statistical significance by Student's t 
test (13) . 

RESULTS 

Pituitary protein and RNA content following EB treatment :Pitui- 

tary protein and RNA content increased significantly after long- 

term (7 days) EB treatment (Table 1 ). 

231 



Vol. 116, No. 1. 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Table 1. Effect of 50 pg EB treatment on protein and RNA content 
of pituitary. 

Treatment Protein RNA 
Group mg/pitui- w-w pitui- pg/pitui- pg/mg pitui- 

tary tary tary 

Control l-29+0.:6 87.75+8.04 59.98+ 4.58 5.87+0.65 

laay EB 1.54tO.29 98.41+8.72 69.77+13.69 8.20+1.30 
** - ** - ** ** 

7dayE EB 1.75+0.08 131.75+6.3 116.87+ 8.69 9.43+0.80 

+ Mean + S.E. These data represent the mean of three experiments 
and 18 pituitaries were used. ** P<O .Ol 

Effect of EB on the uptake and incorporation of (3H)-leucine into 

TCA-precipitable protein : Table 2 presents the data for in vitro -- 

synthesis of proteins in 7 day EB-treated and control animals. As 

the data shows the uptake of (3H)-leucine precursor by the pitui- 

tary and incorporation into the protein increased after 7 days of 

EB treatment. However, the ratio of incorporation : uptake remained 

unchanged, in both the groups. In the treated group a large pro- 

portion of newly synthesized protein was found in the media. 

Changes in different enzyme activity of pituitary following EB ad- 

ministration : 

Acid hydrolase activity : Specific activity of total and membrane- 

bound acid phosphatase in the pituitary increased significantly 

Table 2. Effect of 50 pg EB treatment for 7 days on the uptake of 
( SH)-leucine by the pituitary and incorporation into the 

TCA-precipitable proteins. 

Treatment 
Group UPTAKE (mMleucine/mg tiSSUexlO-ll) InCOrpOratiOn 

( mMleucine/mq tissue 

Pituitary Media 
x 10-11) - 

Total Pituitary Media Total 

Control 4.75 1.86 6.63 4.38 0.63 5.01 
(74.3%) 

7aay EB 5.58 2.92 8.50 4.60 1.7 (67L 

Data presented here is the average of two flasks, from two experiments. 
Number in parenthesis presents the percentage of precursor incorpora- 
ted in protein. 
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following one day EB treatment and remained elevated all through 

7 days of treatment. The percentage of free enzyme activity however 

decreased significantly. In a separate aliquot of the same sample, 

totalAglucuronidase activity decreased after lday of EB treatment, 

showing a significant decrease in the membrane-bound enzyme, where- 

as the concentration of free extracellular enzyme remained unchan- 

ged and it is reflected in significant increase in percentage of 

free enzyme (Table 3 1. Another acid hydrolase Cathepsin concentra- 

tion did not change after short term treatment but increased signi- 

ficantly after 7 days of EB administration (Table 4). 

Peroxidase activity :Pituitary peroxidase enzyme system was not 

affected by EB treatment. All through the treatment period the 

peroxidase activity was maintained at the same level (Table 4). 

DISCUSSION 

Estrogen administration has been shown to induce changes in 

pituitary structures and functions. Increase in pituitary size 

and weight as a result of chronic estrogen treatment has been 

reported previously by us in two separate short and long term 

Table 3. Effect of short and long term EB treatment on pitui- 
tary acid phosphatase and A-glucuronidase activity. 

Treatment Acid phosphatase 
(U/mg protein) 

fi-glucuronidase(U) 
Group 

Free Bound Total %Free Free Bound Total %Free 

Control O-52+ 1.02+ 1.54+ 33.7+ 6.86+ 15.60+ 22.46+ 30.6+ 
0.02 0.06 0.05 1.52 0.10 0.64 0.73- - 0.64 

lday EB 0.63+ 1.4;: z-i;?+ 
*** *** *** 

29.7+ 7.22+ 6.88+ 14.11+ 51.6+ 
0.09 0.06 0.14 2.98 0.34 0.90 1.24 2.01 

7day EB 0.42+ 1.8;: 2.2$+ 19-c: 
*** *** 

5.56+ *** 
6.32: 11.88+ 46.7-k 

0.05 0.24 0.24 3.32 0.38 0.19 0.24 2.43 

Data presented here are the Mean+S.E. of three sets of experi- 
ments representing 6 groups of 3-pituitaries. 
*P< 0.05, **p<o.o1, ***p<0.005 
Acid phosphatase U = Enzyme liberates 1 pmol of P-nitrophenol/ 
hour at pH 4.8 and 37OC. 
R-glucuronidaseU= Enzyme liberates 1 pg phenolphthalein/hr/mg 
protein. 
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Table 4. Effect of EB on pituitary cathepsin and peroxidase 
activity 

Treatment Cathepsin Activity 
Group (U/mg protein) 

Control 17.32 + 0.58 

Peroxidase activity 
(U/mg protein) 

12.23 + 2.03 

lday EB 21.14 + 2.52 9.37 + 1.19 
7day EB 30.47 + 1.G 9.08 + 1.48 

** PC0 .Ol 
Cathepsin Unit = Amount of enzyme which in 7 ml test solution 
causes an increase of OD to 1.0 in 10 minutes in excess of 
blank reading. 
Peroxidase Unit = is the activity causing an increase in 
absorbency of O.OOl/minute. 

studies (1,14). In the present study a significant increase in 

RNA content, de novo -- synthesis of protein and protein content of 

pituitar.y was observed after 7 days of EB treatment. In the 

treated group, a large amount of newly synthesized protein was 

located in the media. Since EB has been shown to stimulate the 

pituitary prolactin production and release (15), a portion of the 

newly synthesized protein in the media and pituitary may be accoun- 

ted for by increased prolactin secretion. In a previous study we 

also have observed that approximately 30% of the de novo synthe- -- 

sized proteins eluted at the area where prolactin elutes in a 

Sephadex G-100 column(3). In addition, earlier studies have shown 

that estrogen increases the RNA content of pituitary acidophils (16). 

These findings suggest that EB stimulates pituitary prolactin and 

other protein synthesis which ultimately causes pituitary growth. 

The most important finding of this study is the way EB affected 

two lysosomal hydrolases - differentially and rapidly. Acid phos- 

phatase activity increased significantly whereas /3-glucuronidase 

activity decreased within 1 day of EB treatment. EB has been shown 

to affect the pituitary LH secretion in similar rapid fashion (2), 

when circulating LH level dropped significantly within few hours 

of EB treatment. Since acid phosphatase activity was found to be 
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concentrated in the basophilic cells of the pituitary (171, a 

correlation between high acid phosphatase and low LH production 

may exist as an inverse relationship betweenfi-glucuronidase 

activity and prolactin secretion has been cited (18). From the 

present data, it will be interesting to hypothesize that the differ- 

ential effect of EB on two enzymes may be due to its two different 

ways of treatment of lysosomes from two different cell types, gonad0 

trophs and mammotrophs, and this may be the initial step towards 

feedback mechanism. 

Surprisingly, the third lysosomal enzyme cathepsin activity did 

not change until 7 days of EB treatment. Furthermore, EB seems 

to change the structural latency (19) and the permeability of the 

lysosomal membranes (201, this may be reason for the alterations 

in the profile of free and bound enzymes. 

In the uterus, estrogen induces an enzyme peroxidase which in 

turn regulates the metabolism of estrogen and is said to be a 

specific marker enzyme for tissues displaying growth dependency 

on estrogen (4,5). Since pituitary has estrogen receptor system 

(21) and estrogen induces pituitary growth, we have monitored the 

pituitary peroxidase system. Present data shows evidence of pre- 

sence of an peroxidase enzyme system in the pituitary, however, 

the dose of EB used in this study did not affect this enzyme 

ACKNOWLEDGMENTS 

We thank Dr. S. K. Dey of Univ. Kansas Medical Center for his 

kind gift of enzyme substrates, M. C. thanks the CSIR for 

appointment in Scientist's pool and Dr. B. K. Bachhawat and 

Dr. A. Pakrashi for laboratory facilities. 

REFERENCES 

l.Chowdhury, M., Tcholakian, R., and Steinberger, E. (1974) 
J. Endocrinol. 60, 375-376. 

Z.Chowdhury, M., Tcholakian, R., and Steinberger, E. (1980) 
Endocrinol. 106, 1311-1316. 

235 



Vol. 116, No. 1, 1983 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

3.Chowdhury, M., and Steinberger, E. (1977) The Testis in Normal 
and Infertile men, pp 331-337, Raven Press, New York. 

g.Klebanoff, S.J. (1965) Endocrinol. 76, 301-311. 
S.Jellinck, P. H., and Newcombe, A.M. (1977) J. Endocrinol. 74, 

147-148. 
6.Chowdhury, M., and Steinberger, E. (1975) 

J. Endocrinol. 66, 369-374. 
7.Dipietro, D.L., and Zengerle, F.S. (1967) 

J. Biol. Chem. 242, 3391-3396. 
8.Talalay, P., Fishman, W. H., and Huggins, C. (1946). 

J. Biol. Chem. 166, 757-772. 
9.Mycek, M. J. (1970) 

Methods in Enzymology, 19, pp 285-287, Academic Press, 
New York. 

lO.Avrameas, S. (1976) Methods in Enzymology, XLIV, pp 709-716, 
Academic Press, New York. 

ll.Lowry, 0. H., Rosebrough, N. J., Farr, A. L., and Randall, 
R. J. (1951)J. Biol. Chem. 193, 265-275. 

lZ.Schmidt, G., and Thannhauser, S.J. (1945) J. Biol. Chem. 
161, 83-89. 

13.Stee1, R.G.D., and Torrie, J.H. (1960) Principles and 
procedures of Statistics, pp 99-131, McGraw-Hill, New York. 

lg.Steinberger, E., Chowdhury, M., and Tcholakian, R. (1977) 
Andrologia 9(4), 307-312. 

lS.Nicoll,C.S., and Meites,J. (1962) Endocrinol. 70, 272-277. 
16.Wolfe,J.M. (1949) Am.J.Anat.85, 309-312. 
17.Schreiber, V. (1962) Endocrinol. 70, 9231926. 
18.Nansel,D.D., Gudelsky, G. A., Reymonds, M. J., and Porter, 

J.C. (1981) Endocrinol. 108, 903-907. 
19.Szego,C.M., Seeler, B. J., and Smith, R. E. (1976). Eur. J. 

Biochem. 69, 463-474. 
ZO.Bangham, A-D., Standish, M-M., and Weissmann, G. (1965) 

J. Mol. Biol. 13, 253-259. 
Zl.Anderson, J-N., Peck, E-J., and Clark, J.E. (1973) 

Endocrinol. 93, 711-717. 

236 


