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ABSTRACT When irido-corneal complexes (ICC's) from eyes of adult newts 
(Notophthalmus viridescens) are cultured on top of pituitary glands they produce 
advanced lens regenerates in up to 90% of the cases (this report and Connelly et 
al., '73). To determine if the iris and pituitary gland must be in direct contact 
with each other in order to produce this enhancement of lens regeneration, ICC's 
were cultured next to pituitary glands or separated from them by a Nuclepore 
filter. Cultures behaved as ICC's cultured in the absence of the pituitary gland 
and produced few advanced lens regenerates. To determine how long the iris and 
pituitary must be in contact for the enhancement to occur, ICC's were explanted 
and 5, 10 or 15 days later pituitary glands were placed beneath the dorsal iris 
pupillary margin. There was a progressive decrease in the number of advanced 
lens regenerates formed in cultures receiving pituitary glands later than five 
days after initial explantation of the iris. The conclusions drawn from these ex- 
periments are that the iris and pituitary gland must be in extensive direct con- 
tact during the first five to ten days in culture in order for pronounced enhance- 
ment of lens regeneration to occur. 

Removal of the pituitary from an adult 
newt retards but does not prohibit lens regen- 
eration in vivo CSchotte and Murphy, '53; 
Stone and Steinitz, '53; Connelly et al., '73). 
Combining the iris and the pituitary gland in 
organ culture results in a marked enhance- 
ment of lens regeneration in vitro (Connelly 
et al., '73). Other tissues and organs have been 
cultured with the iris, but only the neural ret- 
ina has proved as effective as pituitary gland 
in enhancing the production of advanced lens 
regenerates from intact iris in vitro (Yamada 
et al., '73). As part of a continuing investiga- 
tion of the mechanism by which the pituitary 
enhances lens regeneration in culture the ex- 
periments reported below were designed to 
deal with two questions: (1) is direct contact 
between the two organs necessary for en- 
hancement to occur; and (2) when must the 
two organs be together during a 21-day cul- 
ture period in order for enhancement of lens 
regeneration to result? 

METHODS 

Adult newts (Notophthalmus viridescens) 
obtained from Bill Lee Newt Farms, Oak 
Ridge, Tennessee were used in all experi- 
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ments. Prior to surgery all animals were sur- 
face sterilized in a weak permanganate solu- 
tion (Rounds, '73) followed by careful rinsing 
of the head and eyes in 70% ethanol and 
sterile distilled water. All surgical manipu- 
lations, medium preparation and medium 
changes were carried out in a laminar airflow 
hood. Irido-corneal complexes (ICC's) (Connel- 
ly et al., '73) were removed from animals and 
placed in sterile Dulbecco phosphate buffered 
saline (Gibco) diluted to 80% (PBS-80) and 
containing 2X antibiotics. Lenses and other 
tissues adhering to the ICC's were removed in 
this solution and each complex was rinsed two 
additional times in PBS-80. Pituitaries were 
removed from newt heads after decapitation 
of the donors and careful rinsing of the oral 
surface with 70% ethanol and sterile distilled 
water. Before explantation, the glands were 
also cleaned and rinsed three times in PBS-80 
containing antibiotics. Tissues were explant- 
ed to an organ culture environment similar to 
that used by Connelly et al. ('731, except that 
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TABLE 1 

Regenerative response of iris cultured in L-15 (modified) for 21 days either alone or in direct contact 
with a newt pituitary 

Depigmentation 
Depigmentation and 

No depigmentation only lens formation 
(Stages 1-21 (Stages 3.51 (Stages 6-10) 

With pituitary 3136 4136 29136 

Controls (no pituitary) 218 518 1/8* 

In all tables the data are presented as the number of positive caseshotat number of cultures in each group. 
This table represents the results of three separate repetitions of the same experiment. 
* In tables 1-3, numbersdesignatedby anasteriskindicatecasesin whichonly alimitednumberof lens fiber cellscouldbedetected 

histologically. 

TABLE 2 

Regenerative response of iris cultured next to but not in direct contact withpituitarygland for 21 
days in L-15 

Depigmentation 
Depigmentation and 

No depigmentation only lens formation 
(Stages 1-21 (Stages 3-51 (Stages 6-10) 

With pituitary 15/30 13/30 2/30* 

Controls (no pituitary) 5/10 5110 Oil0 

The results of the pituitary cultures are pooled data from two repetitions of the experiment 
For result of culturing iris in contact with pituitary see table 1. 

a detoxified Nuclepore filter was used as a sup- 
porting substrate and modified L-15 medium 
(Ortiz et  al., '73) was used rather than Me- 
dium 199. The Nuclepore filters were rinsed in 
medium several times during a 24-hour period 
before they were used. The culture medium 
consisted of 50% L-15 medium, 40% sterile dis- 
tilled water and 10% fetal calf serum. The 
antibiotic combination was that of Laskey 
('70) and contained kanamycin, polymixin E, 
and fungizone. This combination provides 
contamination-free cultures in better than 
90% of the cases. Medium was changed every 
third day. 

To confirm earlier studies and to test the 
efficiency of L-15 medium in supporting lens 
regeneration in long term organ culture 
several groups of ICC's were cultured directly 
on top of pituitary glands with the mid-dorsal 
iris in direct contact with the gland. Control 
cultures consisted of ICC's cultured for 21 
days without any other tissues in the dish. To 
determine if direct contact between the two 
organs is required, one group of ICC's was cul- 
tured next to, but not in contact with, the 
pituitary glands. Another group was cultured 
on top of pituitaries but separated from them 
by a 10-micron thick Nuclepore filter with 
0.45-micron pores. Twenty-one days after ex- 

plantation all cultures were fixed and exam- 
ined histologically. Regenerates were grouped 
as described before (Connelly et  al., '73). To 
determine approximately when the presence 
of the pituitary gland is necessary for en- 
hancement of regeneration in culture, ICC's 
were explanted, and 5, 10 or 15 days later 
pituitary glands were added beneath the dor- 
sal iris. Controls consisted of iris cultured 
alone or in contact with the pituitary for 21 
days. Attempts were also made to explant iris 
with pituitary and then remove the glands a t  
5, 10 or 15 days after explantation. 

RESULTS 

Table 1 shows the response of ICC's to pro- 
longed culture in L-15 medium in the pres- 
ence or absence of the pituitary. The medium 
and the new culture procedures allow for the 
production of lens regenerates of advanced 
morphology in 75-90% of the cases. This dem- 
onstrates the validity of the methods used. 
Table 1 also shows that the primary response 
of the irises cultured in the absence of the 
pituitary is the formation of depigmented 
masses without morphologically distinct lens 
regenerates. However, in some cases a small 
number of histologically identifiable lens fiber 
cells do differentiate in control cultures. Table 
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TABLE 3 

Regenerative response of iris cultured with pituitary but separated from it by a Nucleopore filter (in 
L-15 or Medium 199) for 21 days 

361 

Depigmentation 
Depigmentation and 

No depigmentation only lens formation 
(Stages 1-2) (Stages 3-51 (Stages 6.101 

Controls (no pituitary) 

Transfilter-newt pituitary 

3/10 

1/8 

5/10 2/10* 

618 1/8* 

For result of culturing iris in contact with pituitary see table 1 

TABLE 4 

Effect ofaddition ofpituitarygland to irido-corneal complexes 5, 10, or l5days after initial 
explantation of the iris 

Depigmentation 
Depigmentation and 

No depigmentation only lens formation 
(Stages 1-2) (Stages 3-51 (Stages 6-10) 

Controls (no pituitary) 2/14 12/14 0114 
Day 5 0124 5/24 19/24 
Day 10 3/25 13/25 9/25 
Day 15 8/22 13/22 1/22 

The results from the pituitary addition cultures are p l e d  from three repetitions of the experiment 
For 21 day iris pituitary combinations see table 1 

2 shows that culturing the iris next to the 
pituitary but not in direct contact results in a 
marked reduction in the number of advanced 
lens regenerates formed when compared to 
cultures of iris plus pituitary. In those cases 
where histologically identifiable lens fiber 
cells are found the number of such cells is ex- 
tremely small. Cultivation of the two organs 
separated by a Nuclepore filter also results in 
the formation of advanced regenerates in only 
a few cases (table 3). Unpublished experi- 
ments have also shown that although cultiva- 
tion of a newt iris on top of a frog pituitary re- 
sults in the formation of a high percentage of 
lens regenerates (Connelly et  al., '731, inter- 
position of a Nuclepore filter between these 
two organs also results in production of ad- 
vanced regenerates in the same frequency re- 
ported here (Connelly, unpublished). 

Finally, table 4 shows the results of adding 
pituitary glands to iris cultures a t  5, 10 or 15 
days after initial explantation of the ICC's. 
These data show that the two organs need to 
be in contact from a t  least day 5 in order to 
produce numbers of advanced lens regener- 
ates similar to those cultures which have had 
pituitary present from the first day. Addition 
of pituitary a t  day 10 results in some en- 
hancement of regenerative activity, but there 
is still a marked reduction in the number of 
advanced regenerates produced, approaching 

levels found in irises cultured alone. Addition 
of the pituitary gland as late as day 15 results 
in the production of advanced lens regener- 
ates in numbers similar to control groups 
which have been cultured 21 days without the 
gland. These results are a compilation of data 
from three repetitions of the experiment. 
Thus, it appears that the iris and the pitui- 
tary must be in direct contact with each 
other, and that this contact is most important 
during the first five t o  ten days in culture. 

The experiment in which pituitaries were 
removed from ICC's 5, 10 or 15 days after ex- 
plantation gave ambiguous results since a t  10 
and 15 days, removal of the pituitary caused 
damage to the mid-dorsal pupillary margin. 
By ten days in culture a rather tight adher- 
ence between the two organs had developed 
and removal of the pituitary resulted in re- 
moval of pieces of iris as well. However, a t  five 
days the two organs were not as tightly adher- 
ent, and could be successfully separated. In 
the few such cultures we performed the num- 
ber of lens regenerates produced by 21 days 
was comparable to control cultures which had 
never had pituitary glands. 

DISCUSSION 

The results of the experiments described 
above demonstrate: (1) that L-15 medium 
modified according to Ortiz et  al. ('73), but 
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containing Laskey's ('70) antibiotic-antimy- 
cotic mixture, is capable of supporting com- 
plete transformation of iris cells into lens 
cells in iris-pituitary combinations in organ 
culture; (2) that direct contact between the 
iris and the pituitary is required for enhance- 
ment of lens regeneration by the pituitary to 
occur in vitro; and (3) that the important 
interactions between the two organs occur 
during the first five to ten days after explanta- 
tion. 

It is not known how the pituitary gland en- 
hances the production of advanced lens re- 
generates in culture. Hypophysectomy re- 
tards, but does not prohibit, lens regeneration 
in vivo (Schotte and Murphy, '53; Stone and 
Steinitz, '53; Connelly et al., '73). However, 
implantation of a pituitary gland into the 
anterior chamber of the newt eye can result in 
the induction of an accessory lens, even in the 
presence of the normal lens, if the pituitary 
and the iris come into close contact (Powell 
and Segil, '76). The greater the distance be- 
tween the two organs, the lower the response 
of the iris. One possible interpretation of 
these results, in light of the results of organ 
culture experiments, is that in vivo the retina 
compensates for the loss of the pituitary, and 
that addition of a pituitary to the eye can re- 
sult in an overabundance of some stimulatory 
factor if the iris and pituitary are close 
enough together. In vitro the presence of the 
pituitary is enough to compensate for the ab- 
sence of the neural retina if the iris and the 
pituitary are in direct contact. There is no 
convincing evidence that pituitary hormones 
(or other hormones) act directly on cells 
engaged in regeneration. Vethamany-Globus 
and Liversage ('73) have reported an effect of 
prolactin, thyroxine, cortisol, and insulin on 
the production of cartilage by newt tail blas- 
temas in vitro. In their experiments, blas- 
temas already in the process of regeneration 
were cultured for only four days. In the system 
described in the present paper, irises are ex- 
planted before the regeneration process has 
begun, and are maintained for a prolonged pe- 
riod in culture. Experiments performed in this 
laboratory to test the efficiency of a combina- 
tion of insulin, prolactin, thyroxine, and cor- 
tisol (doses similar to those of Vethamany- 
Globus) have not demonstrated any signifi- 
cant effect of this combination of hormones on 
the production of advanced lens regenerates 
by ICC's in vitro (Connelly, unpublished). Fur- 
ther studies using numerous other dose levels 

and combinations of these hormones are now 
in progress, and may help to determine if the 
hormonal components of the pituitary are in- 
volved in the enhancement of lens regener- 
ation in culture. There is a possibility that the 
effect of the pituitary is due to a passive re- 
lease of some substance(s) during the early 
days of culture. No direct evidence is availa- 
ble on this point, but it is known that precul- 
turing the pituitary for four days prior to add- 
ing iris has no effect on the ability of the 
gland to enhance lens regeneration in vitro 
(Connelly, unpublished). I t  would be possible 
to cultivate newt pituitaries for much longer 
periods prior to adding iris tissue to the cul- 
ture. This would presumably reduce the 
passive release of some substances and in- 
crease the production of prolactin and mela- 
nocyte-stimulating hormone by the pituitary 
as a result of removing the gland from nega- 
tive hypothalamic control (Masur, '69). Such 
experiments have not been done. 

There appear to be some differences in the 
ability of intact and dissociated iris epithelia 
to produce lens fibers in culture. Eguchi et al. 
('74) have shown that lens crystallin-contain- 
ing lentoids can be found in cell cultures of 
iris epithelia derived from a Japanese newt 
and grown in modified L-15 medium. In this 
laboratory, small lentoid bodies have been 
found among iris epithelial cells which have 
migrated out from iris explants even if the 
original iris explant remains in the dish (Con- 
nelly, unpublished). Unfortunately, there is 
no chemical confirmation of the presence of 
lens crystallins in these lentoids. There is cur- 
rently no explanation for the ability of dis- 
sociated iris epithelial cells in culture to pro- 
duce numerous crystallin-containing lentoid 
bodies while intact irises explanted in vitro or 
transplanted to various ectopic sties (Reyer et 
al., '73) fail to produce regenerates or large 
numbers of lens fiber cells. 

Very little is known about intercellular 
communication in the iris relative to the con- 
trol of the expression of potential for lens re- 
generation in intact iris in vivo or in vitro, or 
in dissociated iris epithelium. There is also 
very little known about the relationship be- 
tween the number of cell divisions a formerly 
pigmented iris epithelial cell must go through 
before redifferentiating into a lens fiber cell, 
although Yamada et al. ('75) have worked out 
approximations of the number of cell cycles 
occurring between the onset of dedifferenti- 
ation and redifferentiation in the iris in vivo. 
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It  may be that an iris epithelial cell must pass 
through a prescribed number of cell division 
cycles before redifferentiating into a lens fiber 
cell (Yamada, personal communication). In 
vitro, the cells of an intact iris may not be 
able to proceed through the requisite number 
of cell division cycles before the adverse 
effects of long term organ culture disrupt the 
ability of the epithelial cells to express their 
potential to form lens. Addition of a pituitary 
(Connelly et  al., '73) or neural retinal tissue 
(Yamada et  al., '73) to the cultures may en- 
hance the ability of the cells of an intact iris 
to proceed through the required number of 
cell division cycles and thus, enhance the re- 
generative activities of intact irises in organ 
culture. Dissociation of the iris epithelium 
may free the cells from some inhibition which 
allows them to proceed through the required 
number of cell cycles. The results of Connelly 
et  al. ('73) showed that there is a significant 
effect of hypophysectomy on mitotic activity 
in the dorsal iris cells in the first phases of re- 
generation in vivo, and that prolonged hy- 
pophysectomy results in the retardation of 
the whole regeneration process. Unpublished 
studies in this laboratory have shown that 
irises cultured with pituitary glands have a 
higher thymidine labeling index 10 to 12 days 
after explantation than do irises cultured 
alone. Jauker and Yamada ('73) also reported 
reduced thymidine incorporation by iris epi- 
thelium after ten days in culture. Thus, the 
possibility exists that one of the ways the 
pituitary gland enhances lens regeneration in 
culture is through an effect on the mitotic ac- 
tivity of the iris epithelial cells. The results of 
the experiments in which a pituitary gland 
was added a t  later times after explantation of 
the iris lend some circumstantial support to 
this hypothesis, since addition of the glands 
after the first ten days in culture did not re- 
sult in significant enhancement of regener- 
ation. Likewise, removal of the pituitary after 
only five days in contact with the iris resulted 
in regenerative activities similar to irises cul- 
tured alone. Thus, it appears that the impor- 
tant interactions between the two organs take 
place from days 5 to 10 after explantation. 
This corresponds to the period of most intense 
mitotic activity in vivo. It has not been deter- 
mined whether there might also be some 
effect on the production of a significant popu- 
lation of fully depigmented cells or on some 
other dedifferentiative event(s1. Since depig- 
mentation may be controlled through the cell 

cycle (Yamada, personal communication) it 
would be difficult to distinguish a direct effect 
of the pituitary on the depigmentation proc- 
ess from some effect on the cell cycle. Irises 
explanted after stage IV of regeneration has 
been attained have little trouble proceeding 
to stages where advanced lens fiber formation 
takes place (Eisenberg-Zalik and Scott, '69; 
Eguchi, '66). It, therefore, appears that it is 
not necessarily the redifferentiative phases of 
regeneration which are the most sensitive to 
the presence of the pituitary or neural retina 
in vitro. I t  is certainly possible that covert 
differentiative events occur during the time 
when the pituitary is required, and that these 
events may not be directly related to mitotic 
activity in the iris a t  all. Further work is 
needed to distinguish between these possi- 
bilities. 

I t  is impossible to say that no contact is es- 
tablished between iris and pituitary gland in 
the Nuclepore transfilter experiments de- 
scribed above. I t  is known that cell processes 
can traverse the filter through the pores (Hay 
and Meier, '76). In any case, the contact be- 
tween the two organs is greatly reduced by 
interposition of the filter barrier. The neces- 
sity for direct contact is emphasized also by 
the experiments in which iris and pituitary 
were cultured side by side. Experiments are 
currently in progress to examine a t  both the 
light and electron microscopic levels, the 
interface between the iris and the pituitary 
during a 21-day cultivation period to deter- 
mine the extent and nature of the contact 
which develops between them. The results of 
the experiments reported above and those of 
Powell and Segil ('76) demonstrate that the 
pituitary can play an important role in the 
transformation of iris epithelial cells into lens 
fiber cells during Wolffiian lens regeneration 
both in vivo and in vitro if the two organs 
come into close enough contact. 
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