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tion confirms the histological observation of 
Kuramitsu and Loeb( 10) on guinea pig mam- 
mary gland. These workers reported numer- 
ous mitoses 6 to 12 hours after labor and es- 
tablished lactation 2 days after labor. In 
contrast, they observed rare mitoses 6-12 
hours after labor in the rat with “active mi- 
totic proliferation” 2 days alfter labor. 

Summary. The growth of guinea pig 
mammary glands during pregnancy, parturi- 
tion, lactation and involution was measured 
using total weight, total nitrogen content, 
total DNA and RNA/DNA ratios as para- 
meters of cellular changes. Only slight 
changes were found to occur during preg- 
nancy. The rapid increase in total weight 
after parturition, correlated with the increase 
in total nitrogen and DNA, indicates that the 
observed growth is primarily a hyperplastic 
process. Extensive hypertrophy crf pre-exist- 
ing cells as measured by increased RNA/ 
DNA ratios occurs after the period of rapid 
proliferative growth, thus the greatest cellu- 

lar changes in guinea pig mammary glands 
occur immediately after parturition. 
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The demonstration of species specific bio- 
logical activity of growth hormones necessi- 
tates new sources for human growth hormone 
since only human and simian preparations are 
active in man( 1,2). A logical approach to 
this problem is the study of in vitro cultiva- 
tion of human or simian anterior pituitary 
cells. 

The present communication describes iso- 
lation of anterior pituitary cell lines from 
human glands and investigations of somato- 
tropin production using a highly sensitive and 
specific fluorescent antibody method. 

Materials and methods. Isolation of cell 
lines. The cell lines used in these studies 
originated from human pituitary glands ob- 
tained at  autopsy” which were designated 
Rorg-11, Borg-12 (both from 7-month-old 

male fetuses) and Cook-3 (from 60-year-old 
male). Surrounding membranes and the pos- 
terior lobe of intact glands were removed 
aseptically. The anterior lobe was washed 
in sterile d t u r e  medium and minced with 
sterile scalpels. Tissue fragments were then 
treated for 15 minutes at 37°C in O.Ol@ col- 
lagenase mlution(3). Single cells as well as 
the remaining tissue fragments were recov- 
ered by centrifugation and transferred into 
100 X 20 mm plastic tissue culture petri 
dishes+ containing 15 ml of culture medium. 
Prior to inoculation the bottom of each dish 
was lined with 10-13 steriIe Corning 18 mni 

* Courtesy of Drs. P. S. Rutherford and F. H. 
Cox, Borgess Hospital, Kalamazoo, Mich. and Dr. 
1’. B. Santoz, Cook County Hospital, Chicago, Ill. 

t Falcon Plastics Co., Los Angeles, Calif. 
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FIG. 1. Section of pituitary gland of 3-mo-old infant treated with fluorescent antibody spe- 
cific fGr liiininii growth hornioiie. 21 5 x . 

FTG. 2. Hiininn 1)ituit;iry cc'lls grown j i i  tihsii(n cwltnrc. Original esplant prevent at  low^ 
Icft. St;iin : Azure-Eosin. 21 5 x. 

FIG. 3. H i i i m n  piti1it;ir.v ( ~ ~ 1 1 s  ~ ~ O I V I I  i i i  tissrrtb ciiltiirr. S o t c  uiiidircctioiial growth patterii. 
Stain : Almrc-Kosiii,  21.5 x. 

cover glasses. The dishes were incubated at  
37'c' in an atmosphere of 876 C'O2---92'/; 
air. After primary explants had developed 
outgrowth. culture medium was replaced 
every 2 days. Ciriture medium. The culture 
medium used throughout these experiments 
contained: Eagle's basal medium,: 400 ml : 
calf serum. lOC/;.: glutamine, 2 pJI nil: Rac- 
topeptone,$ 2 mg,/ml: insulin, 4.5 pg ml;  
penicillin. 250 units ml:  streptomycin. 250 
p g  'nil. Prrparntion of jlitorrscrnt antihod?,. 
C'rystalline hutmn growth hormone was 01)- 
tained from Dr. c'. H. Li. Antisera and -1- 
globulin preparations containing specific an- 
tibodies for human growth hormone were pre- 
pared and tested for specificity as described 
by Li ct d.11 (4 1.  Batches of ./-globulin were 
coupled with fluorescein isothiocyanate as 
described by JIarshall ct d.( 5 ) .  The conju- 
gates were absorbed with mouse liver powder 
as recommended by Coons ct aZ.(6) to re- 
m w e  ' ' non-speci fic staining. " The fl uores- 
cent conjugate was tested folr specificity on 
tissue sections from intact pituitary glands 
and was found to be highly specific (Fig. I ) .  
Staining. After satisfactory outgrowth was 
~-___ I__  ______ - 

Micrc hiclogical Associates, lnc., Hcthcsda. Mtl. 
9 1)ifco I,abcraCcfc.s, Iktroi t ,  Mlch. 
11  f-lourtcsy of Tlrs. C. CV. 1)cWitt and S .  Epp- 

sk in ,  lipjohn Company, Kalamazoo, Midi .  

observed from the explants on cover glasses 
(4 to 6 weeks after planting) the glasses were 
removed from the culture medium and r in ,d  
in buffered saline. For fluorescent antibody 
treatment the cover glasses were dipped suc- 
cessively for 30 sec in 100% and 95% etha- 
nol and again in buffered saline for 2 min- 
utes. Further treattnent with fluorescent an- 
tibody conjugate was performed as described 
by Vazquez and Dixon(7). Control prepa- 
rations were first treated with non-fluorescent 
;,-globulin followed by fluorescent antibody 
conjugate( 7 ) .  The colver glasses were 
mounted on microscopic slides with a drop 
of glycerol-jelly and stored in the refriger- 
a tor. Preparations for morphological studies 
were stained by Lillies' Azure-Eosin and 
,\lay-Grunwald-Giemsa. Fluorcscencc mi- 
(-roscopji. Slides were examined under a 
Leitz fluorescence microscope with the blue 
light BG-12 filter, having a maximum trans- 
mittance a t  410 mp and the corresponding 
barrier filter OG- 1. Ouchtedony technic. 
The supernatant medium at the time of har- 
vest was tested for presence of human growth 
hormone by a modified Ouchterlony technic 
as described by Li ut d(4). 

R c s d t s .  Microscopic examination re- 
vealed that the cells growing out from the ex- 
plants of all 3 cell lines under investigation 
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were fibroblastic. Each nucleus contained 
several nucleoli. The surrounding cytoplasm 
contained granules and cytoplasmic pseudo- 
pods could be observed. Some of the cells 
retained eosinophilic or basophilic character- 
istics. Cells in the immediate neighborhood 
of the original explant on the cover glasses 
usually did not show any preferential direc- 
tion of growth while cells 1oca.ted farther 
from the original explants showed a well-de- 
fined unidirectional growth patern (Fig. 2,3). 

Preparations treated with fluorescent anti- 
M y  conjugate specific for p w t h  hormone 
did not show any specific fluorescence when 
observed under the fluorescence microscope 
and even the residual tissue material from the 
original explant had lost the specific fluores- 
cence of growth hormone. Cytoplasm of the 
outgrowing cells showed a very weak green- 
ish autofluorescence but the nuclei r e m a i d  
completely dark. Frequently areas with 
green fluorescence, characteristic of growth 
hormone could be observed. This fluores- 
cence was not present on control slides 
treated with non-labelled anitibody prior to 
application of fluorescent antibody and was 
therefore material absorbed with unlabelled 
antibody. Upon inspection in visible light, 
these areas did not appear to be intact cells 
and are therefore presumed to be artifacts. 
No evidence for synthesis of growth hormone 
in the growing cells was obtained. 

Immunochemical tests of the supernatant 
culture medium at the time of cell harvest by 
a modified Ouchterlony technic did not show 
any positive reaction for human growth hor- 
mone. 

Discussion. The experiments indicate that 
growing cells from 3 human pituitary glands 
differ markedly from cells in the intact gland 
tissue. Some cells did retain their eosino- 
philic and basophilic characteristics and 
contained cytoplasmic granules. All cells 
showed fibroblastic growth when attached 
to a glass surface and contained well- 
defined nuclei of varying size. Human 
growth hormone could not be demon- 
strated within the cytoplasm of the cells 
by use of the highly sensitive fluorescent an- 
tibody technic nor was any detectable hor- 
mone activity secreted into the culture medi- 

um as evidenced by an immunwhemical a!- 
say of the Ouchterlony type. This is in con- 
trast to the findings of earlier investigators 
(8) indicating that human pituitary cell lines 
cultured in vitro might produce growth hor- 
mone. However, their results were based on 
the conventional test of measuring width of 
tibiil epiphysis in th'e hypophysectomized 
rat. Studies reported herein with more sen- 
sitive and specific immunochemical methods 
indicate that freshly isolated human pitui- 
tary cells grown in tissue culture do not re- 
tain their functional properties for growth 
hormone production under the described cul- 
ture conditions. 

The whole pituitary glands used to prepare 
sections lfor specificity tests with the labeled 
antibody conjugates originated from 5-day 
and 3-month-old infants and 58, 60 and 75- 
year-old adults. Localization of growth hor- 
mone in pituitary sections from adults proved 
somewhat difficult due to excessive fluores- 
cence of portions of the stroma surrounding 
the cell groups. The observed fluorescence 
was in color brightness and shade almost 
identical with fluorescence from the anti- 
body-antigen reaction. This might lead to 
the conclusion that the localization of growth 
hormone in pituitaries from adults is not ex- 
clusively cytoplasmic but also in the stroma. 
However, this fluorescence was also present 
on control preparations and was therefore 
material not absorbed by unlabelled 7-globu- 
h. Autofluorescence Olf the stromal ele- 
ments, particularly elastic fibers may account 
for the intensity of this non-specific fluores- 
cence. A marked relative abundance of 
growth hormone containing cells in infant an- 
terior pituitary sections was observed as com- 
pared to adult pituitaries. This would indi- 
cate that infant pituitaries contain and prob- 
ably secrete more growth hormone than those 
of adults. 

Summary. In vitro cell lines freshly iso- 
lated from human anterior pituitary glands 
showed fibroblastic growth. Some cells did 
retain eosinophilic and basolphilic character- 
istics. No human growth hormone was de- 
tected within the cells by use of fluorescein 
labelled antibody specific for human growth 
hormone. Also, no growth hormone was 



present in the su 1 )er na t a n t IN etl i 11 m . Thescb 
findings sugqest that human Iituitary cell..; 
grown in tissue culture do not retain their 
functional properties for growth hormone 
production under the described culture con- 
ditions. 

The authors gratefully acknowledge the helpful 
consultations with rh. C. H.  Li. tlniv. of Cali- 
fornia. Berkeley. and his generous piit of human 
!:ron-th hormone. 

1. Knobil. E.. Greep. R.  0.. R P C .  Prog.  Hot.111. R P I  , 

2 .  J.i. C. H., Po.\tgradrralc .l/~d., 1961, v29, 1.3. 
1939, TI:, 1. 

.<. FIinz, T i .  \V., Syverton, J .  T., PKOC. SOC. Em. 
11101.. ASll MTm, 19.i9, v101, 19. 
1. Li, C. H., Moudgal, N. K., Papkoff, H., J .  

Hiol. Cheni., 1960, v235, 1038. 
5. Marshall, J. D., Eveland, W. C., Smith, C. W., 

PROC. SOC. EXP. BIOL. AND MED., 1958, v98, 898. 
6. Coons, A. H., Leduc, E.  G., Connolly, J .  M., 

I .  Ex?. Med., 1955, v102, 49. 
7 .  \-azqucz, J. J.,  Dixon, F. J., ibid., 1956, v104, 

7 2 7 .  
S. Thompson, J. W., \‘incent, M.  N., Jensen, F. C., 

l’ricc, R.  T.. Schapiro, E., PROC. SOC. EXP. BIOL. 
\TI)  MI;D., 19-i9, v102, 403. 

itcc-eiiw! Sovcmher 8,  i961. P.S.E.B.M., 1962, v109. 
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On the basis of differential centrifugation. 
de Duve and co-workers( 1 . 2 )  proposed the 
name “lysosome7’ for a special group of in- 
tracellular particles which show a sedimenta- 
tion distribution between the mitochondria1 
and the microsomal fractions; this group con- 
tains a number of easily soluble hydrolases 
(i.e., acid phosphatase. /$glucuronidase, acid 
ribonuclease, deoxyribonuclease IT, cathepsin. 
etc.) having in common an acid pH optimum 
( 3 ) .  

To study the effect of s-irradiation on this 
particular group of particles, we have taken 
the thymus and the spleen of rats as our 
study object, since lymphoid tissue is far more 
radiosensitive than other tissues in which 
lysosomes have been studied. Among the ly- 
sosomal group of enzymes. so far we have 
tested only acid phosphatase and p-glucuroni- 
dase. 

Methods. X-irradiation procedure. Two 
sets of experiments were carried out with fe- 
male Holtzmann rats. A total of 32 animals. 
45 to 50 days old and weighing between 130 
and 150 g, were studied for enzyme activities 
in Experiment 1;  24 of them were given a 
dose of 200 r, and the remaining 8 were used 

*This work was performed under the auspices of 
IJ. S. Atomic Energy Commission. 

as controls. In Experiment 2,  48 animals 
were studied; 36 of them were given a single 
dose of 1000 r, and the remaining 12 were 
used as controls. The average dose rate was 
50 r/min in Exp. 1 ,  and 190 rJrnin in Exp. 2,  
delivered by a 250 kv machine with 0.5 mm 
(‘u and 3.0 mm bakelite filters; the target 
distance was 29 cm, and the rats were ro- 
tated during exposure. 

Since we found that the control values (es- 
pecially for acid phosphatase) varied between 
different shipments of rats, we have used a 
single shipment of rats for each set of experi- 
ments. The acid phosphatase and p-glucu- 
ronidase specific activities were found to be 
constant among individual rats in the same 
shipment. For the thymus (rats from 42 to 
130 days of age), values for acid phosphatase 
range from 0.26 to 0.28 pg P/mg N/min and 
from 5.8 to 6.3 JLM phenolphthalein/g N/min 
for p-glucuronidase. As for the spleen (rats 
from 45 to 70 days of age), values range from 
0.39 to 0.42 pg P/mg N/min and 1.52 to 1.70 
p~ phenolphtha1ein;g N/min respectively. 

Tissue preparations and enzymes assays. 
The animals were killed by decapitation, and 
thymus and spleen were removed and chilled 
at once in 0.25 M sucrose at 0°C; the tissue 
was then cut into a few small pieces and ho- 


