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Abstract 

?o --=-=-:~the ~echanisms of b~omocriptine in lowering serum 

prolactin (?~~) levels and reducing cell size of human prolactinomas, 

stereologi=al analysis at electron microscope level was performed on E 
~ 

ade~8~as treate5 wi~h brcmocriptine (10 mg/day for 2 weeks) and 4 

The bromocriptine treatment significantly 

d=r-====~ all ~~e ~ajar crganelles involved in PRL synthesis when 

expressej in a~sa:u~e volume per single tumor cell, although it 

decreased only Gclgi apparatus when expressed in relative volume 

within the cells. Secretory granules, lysosomes and lipid droplets 

increased in relative volume but not in absolute volume in 

bromocriptine-treated adenomas. Consequently, the bromocriptine 

decreased the volume of individual tumor cell to approximately 60% of 

that of untreated tumor cells. Unexpectedly, exocytosis of secretory 

granules increased significantly in the bromocriptine-treated adenoma~ 

in spite of remarkable decrease in serum PRL levels. This appears 

-
contradictory to the current view that a decrease in serum PRL levels 

with a concurrent increase in the intracellular PRL levels by the 

bromocriptine treatment results from the inhibition of exocytosis of 

secretory granules. The secretory granules of bromocriptine-treated 

adenomas may contain a little amount of PRL, as suggested by a culture 

study reportinq deqradation of PRL by bromocriotine. 



Saitoh -3-

Introduction 

3romocriptine not only lowers serum prolactin (?RL) levels but 

also reduces tumor size of human prolactinomas (1-3). Recently, 

(4) and we (5) have suggested that the size reduction of 

human prolactinomas by bromocriptine treatment results from the 

rei~ction in size of individual tumor cell as well as the reduction in 

n~2~er of tumor cells secondary to cell necrosis. This implies that 

jromocriptine has a cytosuppressive effect and possibly a cytocidal 

effect on human prolactinomas, which causes reduction in cell size and 

cell necrosis, respectively. However, no more than the phenomenon has 

~een found on the cytocidal action. The cytosuppressive action has 

been suggested to consist of several sequential processes including a 

decrease iri exocytosis of secretory granules (3, 6). However, the 

hypothesis comes from observations mostly on normal pituitaries of 

experimental animals by in vitro studies (7-15). It has not been · 

established that the hypothesis is applicable also to human 

prolactinomas, at least partly because of the absence in appropriate 

animal models for human prolactinomas. Bromocriptine is inactive for 

rat transplantable pituitary tu~ors (16, 17), although some ergot 

derivatives with vasoconstrictive action are potent to reduce the 

tumor size (16, 18). The present study was undertaken to ascertain 

the mechanism of cytosuppressive action of bromocriptine on human 

prolactinomas, by analyzing quantitatively the ultrastructural 

alterations. 

There are only 5 studies including ours, which have 

quantitatively demonstrated the cytosuppressive effect of 

bromocriptine on human prolactinomas (5, 6, 19-21). A study by 
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Tindall et al. ( 1 9) lS analyzed volumetric 

changes of cytoplasmic orga~elles ~~v~lved in ?RL synthesis at 

electron microscope level. The ~u~jer of tumors they analyzed were 

only 2, and their applicat~on of mor?ho~etric method appears somewhat 

short of appropriateness. =~ =~e ?resent study, 6 prolactinomas 

treated with bromocriptine were 2naly=ei stereologically in comparison 

with 4 control tumors. ,..,...:--"' ~-.~--=-,.:;,,-.=.s 2:::-,?loyed were based on a 

well-established stereclogical ce=~od, by which the cytoplasmic 

organelles coeld be expressed in relative abundance within the cells 

as well as in absolute value per an average single cell. Among the 

findings obtained in the present study, the most interesting one was 

concerned in the exocytosis of the secretory granules (release of the 

granules from the cells). In spite of remarkable decrease in serum 

PRL levels, a significant increase in number of exocytosis in 

bromocriptine-treated adenomas was found, which seems contradictory to 

the current view concerning the mechanism of bromocriptine. This will 

be discussed later. 

Materials and Methods 

Ten patients with prolactinomas were divided into two groups. 

Six patients were treated with 10 mg/day of bromocriptine (2.5 mg 

every 6 hours) for 2 weeks unti 1 the morning of surgery day 

(bromocriptine group), whereas 4 patients received no medication 

(control group). All the patients underwent transsphenoidal surgery. 

Tumor size was evaluated by high resolution CT scan (GE 8800 X2) and 

also by the amount of tumor tissues excised. Serum PRL levels before 

and after bromocriptine therapy were determined by radioimmunoassay. 
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features and laboratory rin:::in;s are - ---·--~-.-. - ~-._.. 

Table 1. 

tumor tissues were fixed for electron n 1 r~~~~o~y in 3% 

glutaraldehyde buffered with 0.1 M, pH 7.4 s-collidine, ?CSt~ixed in 

1% osmiu~ tetroxide, and embedded in Epon. Thin sections exhibiting 

s i 1 ver interference color were stained with ,. ~"' -iy 1 "',,...=-.;..:::, -'-=- an::: l e2.d 

citrate, and vie~ed in a Hitachi 12 electron ~icrcsco?e at 10J kV. 

Stereological analysis was performed by using 2. ?Cint-co~nting 

method ~t electron ~icroscope level. Stereological procedures applied 

in the present study were almost the same as detailed previously 

(22, 23). In brief, 4 representative tissue blocks were chosen from 

10-20 blocks in each tumor, based on the histological appearance of 

semithin sections stained with toluidine blue. Stereological analysis 

was carried out on 40 electron micrographs at a final magnification of 

x 7,500, and 40 more at x 32,000 for each of the tumors. Number of 

tumor cells analyzed roughly equaled 170 and 250 cells in each tumor 

of control group and bromocriptine group, respectively. These· 

micrographs were taksn randomly from 4 different blocks (10 

micrographs per tissJe block), except for tumor cells severely injured 

by bromocriptine the~apy. Stereological parameters estimated in the 

present study inclucsd volume density, numerical density and surface 

density, i.e., voluIT.2 1 number and surface area of organelles per unit 

volume of the tumor cells. The lower magnification views were used to 

estimate volume density and numerical density of organelles except for 

the endoplasmic reticulum (ER), and also the surface density of plasma 

membrane and nuclear membrane of the tumor cells. The higher 

magnification views provided surface density and volume density 
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2easurernents of the ER. density, a 

tra~sparent tripple-lattice ----------- - -

points in an area of 436 

To estimate numerical density of --~r-~=r; ~-~---:~~, tte actual mean 

diameter oI the secretory gran~les ~as e~a:~a~e1 from t~e diameter of 

300 profiles . ~ --.......... --==---~ a ~ethod of Giger and 

~nigranular or multigranular for~. 

exocytosi s was eva 1 ua ted by counting ~:.--.e ::·..:.::-.;::;er '.)f a 11 the secretory 

granules which were present evidently o~~s~~e ~~e cells as well as in 

pockets of the plasma membrane. For the ~easurement of surface 

density, a coherent multipurpose grid containi::g 132 test points and 

66 lines of 2 cm was used. 

Primary data thus collected were applied to stereological 

formulae to estimate the different densities of organelles. 

Information on stereological theory and formulae is detailed 

elsewhere (24). All the values obtained were expressed in mean+ SEM. 

Significance in difference between the control group and bromocriptine 

group was examined by Student's i test. 

Results 

Serum PRL Levels and Tumor Size. Serum PRL levels in the patients 

before therapy ranged 62 - 12,000 ng/ml (normal values at our 

institute: < 30 ng/ml). Bromocriptine treatment for 2 weeks reduced 

the serum PRL levels of al 1 the patients to less than 20% of those 

before treatment (Table 1). Three patients showed normalized serum 

PRL levels. A marked reduction in tumor size was observed by CT scan 
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in one patient (Patient 8; - - :::-,.=.---.::::.- 11 mm), 

whe=eas the others failed to sho~ =e~~=~io~ i~ t~~or size. The 

reasons seem to be limitation in ::::-esol·,i::--,:; ;;owe:::- of CT, a::--,d an 

inc~ease in amount of connective tiss~~ w~thin the t~mor by 

bromocriptine treatment (5, 25). 

Licht and Electron Microscoov. As ~escribej previously (5), 

tumors treated with bromocriptine =or 2 wee~s s~owed the reduction in 

cell size and a variety of necrotic chan:;es, the =o=mer being common 

to all the tumors and more prominent than the latter. The present 

study, however, is limited to the analysis of size reduction of tumor 

cells and their ultrastructural alterations. The nucleus became small 

with clumped chromatin and irregular contour, and the cytoplasm 

:,~S \ ,;_,,.,.J, .2. decreased noticeably in amount, compared to the control group (Fig. 1 

vs. Fig. 2). Rough ER and Golgi apparatus reduced by bromocriptine 

treatment, the latter being more remarkable. Secretory granules 

increased in number in the treated tumors. Most tumors had 

uniform-sized, smaller granules, which were located predominantly.in 

the peripheral cytoplasm. One tumor had exceptionally numerous 

granules varying in size from 146 to 800 nm. Curiously, exocytosis of 

the secretory granules was more frequently found in bromocriptine 

group than in control group (Fig. 3). The exocytosis in 

bromocriptine-treated adenomas was either unigranular or 

multigranular, while that in untreated adenomas was mostly 

unigranular. 

Stereological Analysis. Stereological values were expressed in 

two ways, those per cm 3 of tumor cells and those per an average single 

tumor cell (Table 2). The former represents a relative abundance of 
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::.;12 o:::-ganelles in tumor cells, regardless of c2ll size. The latter 

-~~-~~Q~ts an absolute value in an average sin;!e cell. When 

ex?ressed per cm3 of tumor cells, bromocriptine increased surface area 

cf the nuclear membrane. This was consistent with the irregular 

conto~r of the nucleus. Relative abundance of Golgi area (the 

cytoplasm in which the Golgi apparatus predominated) decreased, while 

~~at cf other major organelles involv~d in ?~L sy~thesis ~emained 

~n=hanged. Secondary lysosornes (lyscso~al s::.r~=-=-~res e~gcrging and 

digesting other cytoplasmic organelles to be disposed) and lipid 

droplets increased in volume. On the other hand, when expressed in 

absolute values per single tumor cell, major organelles (nucleus, 

rough ER, smooth ER, Golgi area, and mitochondria) decreased in volume 

or surface area. Particularly, the Golgi area decreased remarkably in 

volume. 

The diameter of secretory granules was not different on average 

between the bromocriptine group and the control group (Table 3). The 

granules increased in volume as well as in number in unit volume of 

bromocriptine-treated adenoma cells, but their increase in absolute 

volume per cell was not significant. Unexpectedly, exocytosis of the 

secretory granules increased remarkably in number. Frequency of 

crinophagy of the secretory granules (segregation and digestion within 

the lysosomal structures) remained unchanged. 

Discussion 

Mechanisms of brornocriptine in lowering serum PRL levels and 

reducing tumor size of human prolactinomas seem currently to be 

suggested as follows, based on numerous investigations using mostly 
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~=~-~2c~lastic pituitary tissues of-~-=·=-~ - 1 --..:-~7 ..... ----·-.-----. 

con~aining PRL, resulting in a decrease in se=~~ ~?~ ==n=en~rations 

(7-11, 14). This process is presume~ ~o je ~i~~25 ~o --=~:~~ in 

( 7 5), 
l ,. '> 

\ ::: 5 ) • 

that sustained rise in . . ~ - ~ 

inc:.rc:.c-c::-'--~_:_a::-

PRL synthesis leading 

to i:-ihibition of DNA synthesis (9, 14) and r:-.i~.::;~i= a::~i\.·i~y (11 ). 

Reduced PRL synthesis seems to result in reduction of subcellular 

organelles involved in it and subsequent reduction in size of tu~or 

cells. 

The present study demonstrated quantitatively the 

cytosuppressive effect of bromocriptine treatment for 2 weeks on 

human prolactinomas. Some 250 cells in each of 6 treated tumors were 

analyzed at electron microscope level, and compared with 4 untreated 

tumors. The most interesting finding was a significant increase in 

exocytosis of the secretory granules in bromocriptine-treated 

adenomas. The final administration of bromocriptine was done in the 

morning of the surgery day, 4 to 6 hours before tumor excision under 

the inspection of a nurse. It has been known that serum PRL levels 

reach minimum at 7 hours after oral administration of a single 2.5-mg 

dose of bromocriptine, although serum bromocriptine levels has already 

decreased to approximately a half of the maximum (27). Therefore, the 

increase in number of exocytosis is unlikely to be a rebound 

phenomenon due to a decrease in serum concentration of brornocriptine. 



1 r, 
- ! '._.,)-

--------"'-~. ,_- in serum PRL levels, -·---,..:::-

. -
_n~-----J ~= ==re 

than 4 ti2es • uch as that in the untreated adeno~as. 

current suggestion ~~n~=--,-: 

mechanism of ac~ion of ~romocriptine, as mentioned a~cve. 

secretory granules contain~-~=--~-

______ ....,. 
' _.,.·._.._ .. ~.-I 

horxones (22) anj are released outside the cells jy reans ~-

exocytosis (29, 30). Co2:"rela.tio:: 

ultrastructure of human prolactinomas showed that tte ~l2s=2 ?~~ 

levels were inversely proportional to the number of ~=--=~~-i ~-=-·, -~s 

within the cells· and paralleled the frequency of the exocytcsis (31). 

Therefore, it should be reasonable to suppose that the decrease in 

serum PRL levels induced by bromocriptine treatment results from the 

decrease in number of exocytosis of the secretory granules. :-iowever, 

there seems no report which has obviously demonstrated LDe 6e2~e~se in 

exocytosis by bromocriptine treatment, in either human prolactino~as 

or prolactinomas of experimental animals. An observation by 

Ectors et al. (32) seems only one substitute which suggests the 

decrease in exocytosis by bromocriptine. In in vitro study with 

normal rat pituitary, they observed that ergocornine treatment for 18 

hours decreased the exocytosis, and increased secretory granules 

within the cells. Their findings, however, seem s6mewhat short of 

persuasion because of mere survey observation but not quantitative 

analysis. The discrepancy between their findings and ours may be due 

to the differences in ergot derivatives examined, pituitary tissues 

used, treatments (in vitro or in vivo) used, and particularly the 

duration of treatment. 
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Meanwhile, Dannies and Rudnick (33} reported the degradation of 

??~ molecule by bromocriptine. Their study with primary culture using 

iis?ersed normal pituitary cells showed that bromocriptine did not 

c:hanse the total amount of PRL for the first 8 hours, though release 

i~hibition and intracellular accumulation were observed. However, 

brc~ocriptine reduced greatly the total amount of ?RL after 4 days of 

:...~.-:::: -~ -:::c:s c. •. ,e.1 t because of the decrease in extrac-:: 11 u l ar re lease and the 

sa=e levels of intracellular PRL as the controls. At this time, 

synt~esis of new PRL was only partly attenuated, but the stability of 

??L was shown to decrease in bromocriptine-treated pituitary cells in 

culture. These results suggest that secretory granules in mammotrophs 

treated with brornocriptine for more than 4 days contain a little 

amount of PRL, and that the increase in exocytosis of the secretory 

granules does not contribute to the elevation of serum PRL levels. 

The secretory granules in mammotrophs have been shown to contain 

do~amine (34), glycosaminoglycans and glycoproteins (35) in addition 

to PRL. Brornocriptine may alters the composition of secretory 

granules. Demonstration of the decrease in PRL concentrations in 

secretory granules treated with bromocriptine is under investisation. 

It seems that bromocriptine decreases serum PRL levels by causing 

inhibition of exocytosis and consequent intracellular accumulation of 

the secretory granules in the early stage of treatment. However, in 

later period of treatment, mechanisms other than currently supposed in 

lowering serum PRL levels and reducing tumor size may occur. 

should be clarified in future studies. 

This 
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Legend for Figures 

Fie;. ~lectron micrograph of an untreated pro:acti~==a s~c~~~g 

well-developed rough endoplasmic reticulum (?E~) a~d Golgi 

apparatus (Gol). ~o 

exocytosis is seen in this micrograph. 

Fig. 2 Electron micrograph of a bromocriptine-trea=e~ ;rolac=inoma. 

Ro~gh E? (?E?) and Golgi apparatus (Go:) - -_,.........-_____ __ 

Secretory granules increased in numDer. 

exocytosis. sec Lys: secondary lysosomes. x lC,000. 

Fig. 3 Electron micrograph from a bromocriptine-treated prolactinoma 

showing frequent exocytosis. Unigranular and multigranular 

exocytosis is indicated by single-arrows and doc~l2-arrows, 

respectively. X 16,000. 
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