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o cated in. elongatlon

::"cytoplasm of the colch1c1ne treated cells._ Further exper-'

- 1ments whlch studled the appearance of cell surface markers

= sen51t1ve.:

ABSTRACT -

_An 1nvestlgatlon was made of the p0551b1e means of .
cell elongatlon durlng léns Fiber formatlon durlng the.

process of. WOlfflan lens regeneratlon.- The_problemwwas_

v approached from two dlfferent angles-i drug’disruption

of speclflc organelle that mlght be 1nvolved in elonga-'

. tion - mlcrotubules apd mlcrofllaments, and ultrastruc—

CONR
tural obscrvatlon of cells un%er901ng elongatlon to see-

blf organelle orlentatlon or cell contacts could be 1mp11-

>

Results showed ‘that regenerates treated with colc—.j

_»h1c1ne before or at the onset of cell elongatlon were 1ni

"

hlblted frOm beglnnlng or furtherlng cell elongatlon.i

Parallel experlments showed that cells in, Whlch cellular e
'elongatlon was 1nh1b1ted seemed unable to synthe51ze lensu"
"speclflc protelns, the crystalllns. Ultrastructural-ob-

_servatlons showed that mlcrotubules were absent from the.f

at perlods when colch1c1ne 1nhib1t10n was greatest shOWed

4that the appearance of these markers was also colch1c1ne

-

A The suggestlon was made that mlcrotubules seem tot;7f5wﬁ;g&

_fhave an 1mportant role 1n the elongatlon and dlffefentlatlon

A
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.gatlon.f

_of lens fibers in the lens regenerating system.. Mlcrotub*

ules could p0581bly act in cell elongatlon by three mech-

anlsms- (a) formlng a cytoskeleton whlch would support ai

the changes 1n cell Shape, {b) dlrectlonally transportlng
: ,materlals, or- (¢) prov1d1ng a “push" at the ends of thef
tells.ﬁ It was fuxther hypothe51zed that mlcrotubules maY“'

.be involved in the appearance of cell surface groups whlch

o

could affect cellular adhes1veness and thereby affect elon-
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- &issue metaplas1a, thls occurs when already dlfferentlated

\
o .

v INTRODU_C_TION

' Metaplasla has been deflned as 'the replacement of -
one dlfferentlated cell type by another' (Foulds 1969)
Grobstein (1959) has po;hted out that dlfferentlatlon funib
:damentally~means 1ncrease in heterogenerty - thus. in this
light, metaplasia means'the replacement of one type of hetﬁ
erogenerty by a dlstlnctlvely dlfferent heterogenelty.
~Grobstein (1959) has suggested that metapla51a may . occur
by two dlfferent methods One method he refers to as cell- |
ular- metapla51a, thlS entalls dedlfferentlatlon of cells |
followedey redlfferentlatlon of the- same cells algng a
dlfferent pathway, the second type of metapla51;rlsytalledf“
Y
_ cells are rejected and replaced by a new type of cell gen-
erated from undlfferentlated basal cells, 1 e. the dlffer-
_ entlatlve‘ioute of the stem cells is changed Because«of

' current 1nterest 1n cancer research and the redlfferentla-»
tion that seems . to take plade in. caQCer cells, 1t 1s the ,

1

’ flrstgtype of metaplasla, cellular metapla51 ’ that has

-'come to the forefront of current research 1.terests.;'h ‘
- ThlS study deals w1th a system that sho~s cellulare‘
metaplas1a 1n a ! controlled' sense._ The term ‘controlled'ifsd
\:lS used because 1n comparlson to(a cancerous system where B
;fmetaplastlcally transformed cﬁils do not seem to re8pond 12”'

L .
. os



“h

to the constraints-in the organism that limit growth, this

system is able to exert an influence over the products of:

' transformation. The system is Wolffian lens regeneration

i'n the urodel-e' 'No'tophtalmus vir‘*idescéns zéiridescens, formerly
called Tmturus vzmdesda{s viridescens. Wolfflan lens regener—

atlon 1nvolves the dedlfferentlatlon of plgmented dorsal

.

, 1rls cells and the subsequent redlfferentlatlon of the

same-cellsLlnto elongated lens fiber cells. In some man--‘
e

ne& not y understood the absence of the lens stlmulates

\

the dorsal 1r1s cells to- commence d1v151on and deplgmenta-

kN

tlon. After two rounds of d1v151on the cells cease d1v1d~

ing, start to elongate and synthe51ze lens Spec1f1c pro—

{g:ns, the crystalllns ;zamada 1972) It is the elongatlon,

phase with whlch thlt;EZ dy is congerned Elongatlon ln"'iff”

_itself’is-angnnterest

ng phenomena to study because 1t 1s

1A4cruc1a1 in many developmental and morphologlcal processes.

/ .

| In the regeneratlng lens system 1t 1s even more 1nterest1ng

to study because the relatlonshlp of elongatlon w1th the rl»f

‘synthe51s of tissue spec1f1c protelns can be approached ex-

R perlmentally ﬁhus 1t would be p0551ble td/test lf 1nter- |
'ference w1th elongatlon affects the synthe51s of tlssue

o spec1flo protelns or any other cellular functions.¢f-

There are several theorles that attempt to explain :

T the mechanlsms 1nvolved ‘in. changes in cell shape such as

‘

. occur in cell/elongatlon.- Mlcrotubules are often impli--

- cated in shape changes,.espeCLally those 1nvolv1ng cell

S



., - elongation. Some: 1nvest1gators feel that mlcrotubules are

J_Q'*197o)

_Amerely prov1d1ng the ‘skeletal frame of the cell whlle

others have sugge_ted that these structures may be causal

1n elongatlon af by 1ncrea31ng in. 1ength and thqreby

exertlng a forc 1n the dlrectlon of elongatlon or (b) by
channeling- cytoplasm towards the dlrectlon of elongatlon.
_(See théiature Rev1ew for a comprehen51ve rev1éw of this A
WOrk 0 Mlcrof;laments have also been suggested as causal \‘\
agents in changes in cell shape. In most of the systems

in whlch these structures have been studled they seem to

y
functlon in a dlfferent manner than mlcrotubules. Shape

changes assoc1ated w1th mlcrofllaments often occur rapldly e -

-and appear to be the result of a contractlle process
'(Cloney 1966) In some systems locallzed bands\of mlcro?“
‘fllaments appear to act as a "pé&se strlng" and thelr con-i.
,‘tractlon brlngs about a. decrease in cross- sectlonal area

at one of the ends‘;; 1nd1v1du;l cells (Baker and Schroeder

_’1967 Wessels et aZ 1971) Recent ev1dence 1nd1cates that

fsome mlcrofllaments can be decorated w1th heavylmeromyosxn,.,:.,"‘

Ly

.a property apparently exclu51ve to actln.v These flndlngs ¢
have suggested that the contractlle propertles assoc1ated
' w1th the m1crof11aments may be due to the presence of |
g'actln (Spooner et aZ 1973 Schroeder 1973 Palevxts et aZ

71974 Woolley 1970 Pollard et aZ 1970 Nachmlas et al



From studles on amphlblan neurulatlon Brown et
al. (1941) have concluded that dlfferentlal cell adhe51ons
are respon51ble for cell elongatlon._ More recently,
Benedett1 et al. (1974), studylng elongatlng lens flbers_~
by freeze etchlng have suggested that certaln 51tes vis=-
1ble in the freeze fractured surfaces may be responSLble N
“for re01procal recoqnltlon of two cell surfaces or for
'spec1f1c cell to-cell 1nterlock1ng.,' Whether or not thesel
-51tes haVe anythlng to do w1th elongatlon has not ‘been dis~ -
cussed | | =

Platlgorsky et aZ (1972 a, b c) StUleng developlng -

chick lenshave shown that mlcroéﬁbules are most llkely 1n-

f‘volved in elongatlon. On the other hand, Wrenn and Wessels. o

(1969) have suggested that mlcrofllaments are 1nvolved in

e&ongatlon durlng lens flber formatlon 1n the mouse.. o
There are several ways to approach the questlon of

what factors are responsxble for flber elongatlon 1n the f.

zlens regeneratlng system._ The flrst approach 1s to look

~at the ultrastructure of the elongating cells in order to 1»"”'

'-"_study the presence, dlstrlbutlon and/orlentatlon of cell
"organelles, ‘in- partlcular mlcrotubules and mlcrofllaments
A second approach 1s to_ se compounds that 1nteract spe-':”'

‘\.,

»'clflcally w1th elther mlcrotubules or mlcrofllaments.- The

~effect of these compounds on flber dlfferentiatlon can

' then be studled Although neither approach in 1tself can

n"conclusxvely p01nt out the mechanlsm respon51ble for ifg"s,fﬁf



elongathon, akcomblnatlon of several method;&can often

llead to a more reasonable estlmatlon of  the events that' ,

fare’occurrlng at the cellular level

There were several questlons‘that were 1nvest1gated_

’-1n thls study" h |

l; Are ‘microtubules or. nlcrofrlaments present in: the len83-
iregenerate durlng lens f;ber formatlon and if they |
-are: present what is. thelr arrangement and orlentatlon°ii

v_2."If either of these organelles are present .are they 1nf_i

1volved in lens flber elongatlon? | o

3;'_Does 1nterference w1th cell elongatlon affect the

_acqulsltlon of lens speclflc protelns, the crystalllns9*

;Zwann (1975) has suggested that 1n mutant mouse embryos;’,if‘

'where lens development ceases before elongatlon, nolﬁir
crystalllns are formed | '
-4.}_Does 1nterference wrth cell elongatlon affect any

- other cellular events occurrlng durlng 1ens regenera- R

-}tlon, for 1nstance the appearance of certaln cell sur-, |

Ty

face markers'> Work w1th polymorphonuclearleukocytes

'lihas ShOWn tha$ mlcrotubules are pOSSlbly 1nvolved ln

: fcell surface 1nsert10n and translocatlon (Ukena and

ot

1:Ber11n 1972) If flber elongatlon 1s suppressed are -
*these other events also affected? -

<?'n/order to answer the flrst questlon I used an

G

‘ffelectron mlcroscoplc study of the ultrastructure of regen-‘

~ferat1ng 1rlses.; The;second questlon was answered by a

C Y

'.-..-9 .



comblnatlon drug and ultrastructure study.‘ Cclch1c1ne.or
v1nblastine was used because both affect the mlcrotubular :
system, whlle cytocha151n B was used because thlS compound |
'-1nterferes w1th mlcrofllaments. Drug treatments in combln-f

.atlon Wlth 1mmunof1uorescence and 1mmﬂ oelectrophore31s |

Drug treatments 2

Astudles were used o answer questlon 3.
'comblned w1th cell electrophore81s determin tlons were

used to answer questlon 4
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| ‘.vﬂfl965, Reyer 1954, 1962 Schleb 1964, and Yamada 1967._ Un-f~ p

' REVIEW.OF THE LITERATURE

WOlffian\Lens Regeneration - '
| In 1891, Colucc1 reported that certaln amphlblans
of the genus Trtturus were able to regenerate a new 1ens

from thelr dorsal 1rls when the orlglnal 1ens was removed |
'Subsequently wOlff (1894, 1895 1901 1904), u51ng larvae }:t

;'.and adults of Tmturus taematus and h'z,turus cmstatus, redls- .
'.covered thlS phenomenon.“ ThlS 1nterest1ng type of regen--:A
vneratlon whlch represents cellular metap1a51a, 1s now known
~-as WOlfflan lens regeneration.{ Slnce thls early work manpk

_studles have been done on WOlfflan lens regeneratlon, and

vﬂthey have been revxewed by several authors.i Stone 1959,:; ;Q.

}T,ﬁllke llmb and ta11 regeneratlon whlch 18 w;despread through-fi

o out the order Urodela, Wolffian lens regeneratlon is re-"

"fstrlcted to 14 spec1es of newts belonglng to the genus

_riTrtturus (Schleb 1964) Shlwmwubu salwmuwbu 1s the only spe-tli?

"tf"cles not belonglng to Trlturus 1n whlch Wolffzan lens re-3?7;°‘

RV,ffgeneratlon ‘has been 1ndlsputably documented (Reyer and

o '{s;one 1955) jj;' nggt,r@f

‘v"fa good system for studylng the loss and acquisition of

Several propertles make Wolfflan 1ens regeneratlon f”f“

tispeCIflc characteristlcs of cellular dlfferentlatlon-fjl;ff:yfﬂf

;5;:The eye cup is a falrly 1solated envzronment and thisff;ﬂ]?j757

v I L

Py ;~_'V...
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enables one to transplant tlssues from one anlmal to an-

'other and, to a certaln extent, av01d the compllcatlon of

V’the 1mmune respcnse, 2 -bne is able to control when the-

- 1n1t1al stlmulus (lens remoVal) 1s glven, thus allow1ng

.the 1nvestlgator to 1nduce cellular metaplaSLa at Wlll,-

“3 Unllke 11mb regeneratlon, where there 1s a great deal

of controversy as to the orlgln of the cells formlng the vf'n

'_blastema, 1t is generally agreed that the cells formlng

]

,the 1ens are derlved from the 1rls._ There are several ’-_N

L

u;types of experlments that have supported thls assumptlon.»o j~

”V_Wachs (1914), Sato (1930), Mlkaml (1941), and Stone (1943, f_

»
1

.-Sato 1940 Reyer 1953, 1956). Tracing

1966 Reyer 1966, Zallk and Scott 1971)

'7’1952) have all done experlments graftlng pleces of dorsal

RO

”erls from one newt 1nto the lentectomlzed eye of another‘

3

o jhand have observed that a new 1ens forms from the graft._”;f.{“
' V””The impllcatlons of these experlments were further e

.1 strengthened by graftlng 1rls from a regenerating species ;;f;”

into the eyecup of a non-regeneratlng species and observ- o

*.flng lens formatlon from the 1mplant (Ikeda 1934, Amano and

3H-thymid1ne lab- AR

ﬁffelled 1r1s cells through subsequent stages of regeneratlon
;Tlnto lens cells is another method used to demonstrate that

erls cells transform 1nto lens (Elsenberg and Yamada l965a,b,;,

BY close hlstologlcal observatlon of the regener-ffifﬂf

‘j-f".atlng lrJ.S 1n Tmturus taematus and T. pyrrogaster (Sato 1940) v
.'l' cmstatus (Zalokar 1944) - T umdeacens (Reyer 1948 1950,




“3'_:'-'2'-hQ<veVer, Stone (1954a, 1954b) has been able to Produce
i\';;ventral) by produclng an. artlflclal secondary pup11 using

T f]so that the cxllary margln becomes part of the free

S
detone -and Stelnltz 1953a, Yamada and RoeSEl 1964), 1nvest1-
gators have been able to classrfy the events occurrlng dur—t
“Ing Wolfflan lens regeneratlon 1nto thlrteen dlstlnct
Ziages. Yamada (1967) u51ng electron mlcrosc0pe and llght
,mlcroscope data as well as other personal observatlons'hasl}lh
yfurther characterlzed Sato s stﬂges. A(See Flgure 1. )y
2 e In rev1ew1ng the llterature on WOlfflan lens re-;;;,.~'n”
hgeneratlon I w1ll examlne the questlons that have been ‘
aSked 1n thlS system and the experlments performed 1n at-‘dffvhﬁ"’
'tempts to answer these questlons.n Several ba51c questlonsd_f*: |
]; can- be asked about Wolfflan 1ens regeneratlon.p l.. What
:;éreglons of the 1ris can produce a lens? 2 f How does 1ens
Tlfremoval release the process of regenerat10n° 3;, Can the
'dorsal lrls regenerate when removed from the eye and 150-;@1?la]f5
'a;‘lated 1f not,lls there a speclflc factor present 1n the 'ff .
- eye that allows regeneratlon to occur? 4.. What events y
.:take place at a cellular 1eve1 in the tlme lnterval between @f
‘h:fthe removal of the old lens and the formatlon of a new .
?ﬁlenS° _lygayyily:A}:yzlyy_yi_.yiliaﬁtf‘_p;,yiatinnyyh;‘..y

T - S
R -~

L Inznﬂp, it a normal regenerating SYStem, lensiﬂl"”f

”%ormatlon 1s restrlcted to the margln\of the dorsal 1ris,f;jgyi,fff

.Jilenses from o%her parts of the dorsal lrls (neVer from they,:;nt

thpllofllm or‘by'rotatlng thls tlssue 180° and graftlng 1t

vdu_u'-_,’:. T SEEy



Flg re l:* Yamada s Characterlzatlon of Sato s
_ .;Stages of Regenefatlon in Tmturus v znmdescens o

_ Stage.[ (3 6 days * Flg. l) The . 1nter1am1nar space is. -
enlarged. In the nuclei of iris eplthellal cells, the hum--

. ber of 1nvag1nat10ns of the nuclear envelope is reduced

Consequently, the shape 'of the nuclel apprdaches 4 sphere.
Surrounding the pupillary margin, free- amoeboid cells are

- observed which, according to Eguchl (1963), part1c1pate in-

‘the process of deplgmentatlon in the follow1ng stages. =

‘ ‘Stage II (6-10 days, Fig.'l). -Rounding-up of nuclei of
iris eplthellal cells: contlnues.% The pigment granules in .

- the cells .at the mid-dorsal- ‘margin are being reduced in

. humber. : A numbér of amoeboid cells begin to appear in the -

expandlng 1nterlam1nar space, as well as surroundlng the

iris eplthel;um. Eguchi- (1963) suggests- that pigment

A

- granules of iris cells are removed by’ these amoeb01d cellsgdf"

an group of almost completely deplgmented cells in the in-

through their prominent pseudopodla. o C
- StmszII (8~11 daysy: Flg. 1). Deplgmentatlon of cells, s
at he dorsal puplllary margin continues, glv1ng rise to.

u.ternal lamina and at. the very margin of the mid-dorsal. ..
iris. - Within the deplgmented or. deplgmentlng cells the

. ‘number ‘of .free’ rlbosomes is inc¢reasing, there is mgre

V';.lly loaded with pigment granules.,"

.rough-syrfaced endoplasmlc reticulum, .and the ultrastruc—"]{'lfvx;ifff
ture of the nucleoll is becoming :more elaborate (Karasakl,;'i;,g,*
'+ 1964; Eguchl, 1964) Many of the amoeb01d cells are heav-:j;~“

‘Stage IV (9-15 days, Fig. 1). Thewlayer of dep1gmentedf??;?~"”
‘.cells forms. a ve51cle (lens ve51cle) at the mid-dorsal =
"puplllary margLn without losing its connection w1th the

" . external ‘and intetnal- laminae of iris epithelium. ~ The e
‘cavity of the ve51cle is. contlnuous with the interlaminar e

b"frapld cell multlplacatlon of depigmented- cells. -
vf"-lng.
. ure).
SRR owin%‘to“accumulatlon of a . large number- of cells.. Al-s .
.4+ thoudh the external and internal- layers of ‘the -lens’ st—J

;ﬁﬁftlon The cytoplasm of aIl vesicle cells shows a. hlgh

"t*{'to rlbonucleasey-:*

‘space’ of the iris. 'Often:a small. number. of: cells, appar- - 0 o
. ently coming from the internal :lamina of iris eplthellum,fl_~lf"'

~ 'is observed within the'vesicle cavity. inT, vzmdeaaena..
. .. Stage V..(12~15 days, 'Fig. 1). ‘The:lens vesicle’ 1s»en-p c

';larged by the: addatlon of deplgmented cells as well gs by}-j_;

s ternal layer {lower in figure) of the" vesicle .is.-€h T SR
.In some regererates the proximal part: (left«im f?uﬁfq;ﬁ'

he  internal- layer: -becomes 1rregular, appargntlp:

_;*1cle are continuous with the ‘external and internal lamlnae ﬂ-ffiTTJnfﬁ
. ofiris eplthellum, “the. boundary between the deplgmepted ECRRTE PR
and plgmented areas is often. 1ndlcated by a-weak: constrrc- CL

o den51ty of free rlbosomes and heavy basophllia sen31tive




S%age VI (12 -16 days, Flg. 1). The central’ part of the
internal layer has thlcnened by elongatlon of individual. -
cells. At this stage these cells, which are goxng to. form S

“the prlmary lens flbers, lose the cytoplasmlc basophllla :
‘which was strong in. 'stage' IV.  Mitcses are. not observed in . J

"~ . this thlcﬂened part, but are frequent in all other depig-

nmented areas. From the lens vesicle proper, a short stalk-

- . like portion 1s constrlcted which is dlrectly .connected -

.with the plgmented area. The stalk is composed of exter-

S .nal and internal. layers. Apparently,,cells are flowing
'-_contlnuously from: the plgmented area 1nto the ve51cle

through the- stalke . '
- Stage VII. (15-18 days,’ Fig. 1), A further thlckenlng of
- the main.part of the. internal layer has led to a protru51on
-of its inner surface into the cavity of the vesicle (the.
fiber hillock). - All cells in this ‘thickened area-are elon- a
gated: and 1rregu1arly arranged in approxlmately two cell -

o ;layers. Most of, the surface area of such Primary- fiber’ =~
-+ cells is in contact with surfaces of the: nelghborlng prl-?

mary fiber CLlla, reduc1pg the free surface to-a mlnlmum

The primary fiber cells begin to show a01doph111a ‘in their

_ -cytoplasm, ‘after: completely losing- the cytoplasmlc basa-" . :

.~ philia of the preceding. stages. 'By contrast,. the cells in .
" .the external layer cf ‘the vesicle’ and those 1n the stalk ’

’-fretaln strong cytoplasmlc basophllla.-

Stage VIII'(15-19 ‘days, Fig. 1). Furthefexpansmn of the

~h{ef1ber cell mass reduced the" central cavity'of the lens ves-if
.~ Jicle to a narrow slit. Between the. elongated primary fiber

ﬁ'ﬁrflrst ‘generation of the" secondary ‘fiber. cells, - - -
| :‘f'and the prox1mal part. of the. 1nternal ‘layer-become ‘flat-.

_hfhlncrea51ng in srzegthrough growth of individual fiber . RIS
celYs and addition of new fiber cells. from the - perlphery.d;:,_bﬁv :

. pal ‘layer, in the proximal part of. the interhal. layer,
-and“in the. stalk reglon.‘ Elongatlon of. the. secondary

’f i.but it is stronger in th
"'1ast1tute the core (nucleus of the lens body) b

_:;,_cells are arranged more regularly in ‘one cell layer. Nowag“;”

'7'.complex and"is 'still- connected ‘through a stalk‘w1th the’

- . cells and’ deplgmented cub01dal cells there are a number of
. cells inthe beglnnlng phase of" elongatlon, these are the

F e -
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Stage IX (18- 20 days," ‘Fig. 1) .- The whole- external layer

" tened and start ‘to encircle the fiber cell body, which' lsg{f
" Frequent mitotic figures are observed in- ‘the whole exter_?{;ll,‘.s(a

. fiber cells is occurring rapidly-at the equatorial. zone. .
. The- cytoplasmlc ac1doph1l;§§of these cells'is increa51ng;5“,,-_,‘z
e primary- flber cells that con-?¢rg e

. Stage X (18-25 days,_Flg‘-l) In the whole external S
‘“Jlayer and in the proximal part. of ‘the. 1nterna1 layer, ‘the o

_"Tthese layers can collectlvely be: called the lens eplthe-
.o lium.- The lens epithelium is applled ‘to the .fiber cell -

‘dorsal iris epithelium.’ Elongatlng secondary fiber cells ‘*§”7_§f
'completely ‘emprace the: core of primary fiber cells. ' In-. RIS
'~ the 'primary, fiber cells; ‘the nuclei are- becomlng less bas--v S
. Ophlllc and’ 1ncrea51ngly ac1doph11lc.,;v S e




-

Stqyax (21-28 days, Flg l) . The lens. is grow1ng rap-

Tidly due to growth of secondary fiber cells and: prollfer-
ation in.the lers eplthellum.. The cells.of the. first ’

generation .of secondary fibers are elongated and form a.

“thick. concentric layer surrounding the primary flber core.,

The stalk disappears, and the new lens becomes an lnde- - N
pendent tissue. - Due to loss of basophllla and acquisi- - '

tion of acidophilia, the nuclei of the primary £1bérs are
very dlfflcult to dlstlngulsh from the cytoplasm.??= .-

* (. . . . \ o ‘ ‘. . »' .
These draw1ng and descrlptlons were taken from Yamada S 'éf

(1967) "4 // o N

g B
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pupillary.borderﬁf (See Flgure 2 for a labelled dlagrwm

_of;the eye}) Using these. methods he has also been able to
. 4 . - .
map the capac1§y for lens regeneratlon 1n various reglons~‘

of the.dorsal iris.,. - He has’ found that the potency for

‘lens regeneratlon "decreases dorsally towards the ora ser-

-

‘rata and dlsappears in ﬂﬂ% nasal and temporal reglons
sllghtly above a line pa351ng nasotemporally through the
mldpuplllary space" (Stone 1954a). Recently Eguchi &
Wataﬁabe (1973 have been able to stlmulate tne ventral

iris to form lent01ds by u81ng chemlcal carc1nogens. _ oL

'}2) There are flve theorles as to how the presence

hof a normal 1ens can block regeneratlon (Reyer 1962) k,
'the lens exerts pressure on the 1rls and thereby 1nh1b1ts

. lts actlvatlon, 2 the lens and the suspensory llgament‘
act as a barrler whlch prevent the dlffu51on of a stlmulat-a'
ing. retlnal factor from the neural retlna to the Lrls,'B.T
.the metabollsm of-. the lens uses up the retlnal factor whlch
;1s then no longer avalldbie to’ actlvate the 1r1s, 4.,the )
'fklens secretes some substance whlch.neutrallzes the actlon =

\_ .

of the retlnal factor, 5 the lens secretes some factor

whlch 1nh1b1ts regeneratlon of another lens from the 1rls.,7'{5.f'{

KRS Lo N

':Experlmental ev1dence seems to pornt to a comblnation of

\,

-theorles 2 , and 4 'OX; 5 | Reyer (1961) showed that 1rls ;WEQ-
¢ n

flmplants lnto the v1treous chamber w1th the host lens 1n S
"j;p081t10n were able to form a lens*'but(jsimllar 1mplants

.3)1nto the anterlor chamber d1d not regenerate.v ThiSs
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Flgure 2:% . a Labelled Dlagram
. - of" the Eye ‘

dlagram was adapted from several
dlagrams in Davson (1962)
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fsuggests that the lens is actlng as a barrler for a dif-

-3
fu51ble factor from the neural retlna. Zalokar (l944)was able

y'[to ;nh;blt lens regeneratlon by 1mp1aht1ng kaolln 1nto

lentectiomized eyes. Slnce kaolln was belleved to act by

| -absorblng the neural ret1na1 secretlon it was suggested
ithat the lens may functlon ln a 51m11ar manner by actlvely
metabollZlng its neural retinal secretlon.\ ‘Stoné and.

:'Vultee (1949),"u51ng T,. znpuksmww, 1njected aqueous humor
'from an eye contalnlng .a lens 1nto a lentectomlzed eye.li
Lens regeneratlon was 1nh1b1ted for up to. three months.

5 ThlS experlment suggested the presence of some 1nh1b1tory
factor (theory 4 or 5) secreted 1nto the aqueous humor
However, Takano et aZ (1957), u51ng T._ yrroghaster, were .

' not able to verlfy these results. In summary 1t appears svfb

lhat removal of the 1ens may release regeneratlon 1n that-lpfi
a) . the barrler keeplng the ret1na1 factor from reaching
‘the iris 1s removed b) the tlssue whlch metabollzes the

‘jretlnal factor 1s gone, c) the factor secreted by the

'11ens to lnhlblt the retlnal factor ‘or’ to 1nh1b1t regenera-;

: tlon 1s no 1onger present e v ' y d.h,
| | 3 stng an zn vzvo system, Stone (1958) has shown

| that regeneratlon can be 1nh1b1ted or. halted by 1solat1ng

‘::ithe 1rls from the heural retlna. Stone %nd Stelnltz |
.-f(1953a) have shown that 1f the neural retlna 1s removed at -

.the tlme of lentectomy, lens regeneratlon 1s inhiblted un-;l’{hfy"

s tll the neural retina has bégun to regenerate.. Reyer and



.wlthersty (1972) and Reyer et aZ (1973) were - able to ob-
.:taln lens regeneratlon from dorsal lrlS when- 1t was im-
planted into the: blastema of a regeneratlng llmb but not
1f the blastema was denervated These observatlons 1mp1y-pv'
that a neural factor is probably essentlal to stimu}ate
regeneratlon._ Attempts were made to study lens regenera-
- tion in hypophysectomlzed anlmals. Stone and Stelnltz :
7(1953b) and Connelly et ql (1973) found that hypophysec-:'
‘ tomy retards lens regeneratlon but does not completely
‘.llnhlblt it, IR _ e | |
Early attempts to Obtalh lens regeneratlon.fromrﬁ
the dorsal 1rls alone uavzmm (Zalokar 1944,.Stone and

Stelnltz 1958 Eguch1 1962 Elsenberg-Zallk and Meza 1968

and Zalik and Scott 1969) were unsuccessful at obtalnlng

.‘_flnal stages of lens regeneratlon from the dorsal 1rls,~”;pﬁp.;u

3

i_:Eguchl (1967) was able to get lens regeneratlon if he 1n-lj‘
f<dcluded a plece of neural retlna from lentectomlzed or nOn;s_

| lentectomlzed eyes.~ Yamada et aZ (1973) have been able

18

.fto get lens formatlon annino by 1nclud1ng a plecé“of ret-°""

llna from frog larvae.f Recent observatlons by Horstmann "

'_cultures of 1r1s cells are able to form lent01d-11ke areasf

f:;even when no retlnal factor lS supplled Moreover<§guchi

aﬁ“fiet aZ (1974), u51ng fluorescent antlbodles, have observed

Y

lent01d—11ke areas whlch staln,with antlbod;es agalnst ;,;r%r;,

' lens crystalllns ln cultures of ventral irls. f

."‘

.';'._,and Zalik’ (1974) and Eguchl et al (1974) 1ndlcate that,
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-4, . The cellular events occurang durlng lensbre—'
- .generatlon ‘have been studled by a number of lnvestlgators._77.\
A serles of changes takes place.uathenucleus and cyto-_
plasm of the iris cells as they are converted 1nto lens |
‘cells Elsenberg and Yamada (1965a and b ) ‘and Reyer '
"(1966) have analyzed DNA synthesus 1n T znmdescens us1ng
| autoradlographlc technlques.g They\have found that DNA ;.“1
synthes1s 1s actlvated around 5 days after lentectomy in
'a.both the dorsal and ventral 1rls. Incorporatlon of 3H- -“T
.thymldlne 1nto cells, a measure of DNA synthesxs, contln-

y 'ues, untll stage IV (9 - 15 days) when a small group of ’;}' -

‘}_cells ceases to synthe51ze DNA._ The number of these

. cells 1ncreases w1th tlme and aéter Stage VI (12 - 16

Lot

days) they begln to dlfferentlate lnto prlmary lens flb-'
D

ers. Yamada and Roesel (1971) have shown that there are ~
'l:two neaks of m1tos1s occurrlng dur1ng regeneratlon}— onﬁ |

yzat 7 days and one at 15 days post-lentectomy. y'. | “

| ' The earliest 31gn of. regeneratlon is the onset ofy ;;;f"

]nuclear RNA synthe51s, detected'One day after lentectomy o

:_‘T(Yamada and Karasak1 1963, Reese et aZ 1969),. Rlbosomal°f?7ffu
SR ' ' SR
X 'r;;RNA synthe51s 1ncreases between 2 - 10 days after lentec-jﬁiﬁ“‘“'”

“"gi“enters 1nto the cell cycle (Eisenberg and Yamadaylgssa

Hftomy. At the same t1me there 1s an observable alteratlonfffxf? =
1!in nucleolar ultrastructure indlcating nuéleolar actlva-ifﬁisﬁﬂ;fh

tgtlon (Karasak1 HBG4 Dumont et aZ 1970) The cell then

y;;and b) Eguchl 1964) As these changes are’ takfng Place the A_ET?;
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. 1es (Ogawa 1963, Takata et aZ 1964) using anhiserum fAA

' cytoplasmic and nuclear volume of the pigmented 1r1s cell

/

1ncrease until . 6 - 8 days post lentectomy, then as differ-,

entiation occurs the cytoplasmic volume lS greatly reduced’

while the nuclear volume remalns constant (Dumont and l
Yamada 1972) ; The reduction in. cytoplasmic volume has

been called cytoplasmlc shedding and Yamada (1971) has
3

20

shown that 1ncorporat10n of “H cytidlne 1nto the nuclear R

RNA fraction is greatly enhanced after cytoplasmic shed-s

ding 1s completed He suggests that.

-

the cytoplasm contains a number of. factors which ' o
- exert. specific repre381ve controls over. nuclear -

synthetic activities ‘and that cytoplasmic shed- Qf?,*“""’

- ~-ding removes: such,repreSSion so that the cell
‘*can be reprogrammed in a new directlon.;j**v

As cytoplasmic shedding and depigmentation of the 1ris

cells occurs, macrophages, which have 1nvaded the iris,

: Dumont and Yamada 1972 Yamada and Dumont 1972)"*55L*”'*"

Autoradiographic studies have ShOWn that there is 't;i{f-“

an increase 1n proteln synthesxs in the activated dorsal

iris. ThlS phenomenon occurs in two phases; in the first
i

'al one which occurs between 2 and 8 days after lentectomy,

activatlon of protein synthe81s, can be detected in all

cells of the dorsal iris.' In the Second phase, which

occurs 16 to 25 days after lens removal,gfnhancement of

s
protein synthe51s is more pronounced and is localized in

the elongating lens fiber cells. Immunofluorescence stud~i_b

a8 o

", remove the cytoplasmic debris (Eguchi 1963 Karasaki 1964'.F;, L
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‘agalnst total lens showed that a weak fluorescence ls al—.
iready present in a few cells of the regenerate by Stage' h

*IV (9 = 15 days), 051ng antlserum spec1flc for gamma' o
,:crystalllns Takata et aZ (1965,,1966) were able to de-'
tect gamma crystalllns at Stage V (12 - 15 days) . Yamada fh n
- and Takata (1965) comblned an autoradlographlc and 1mmuno;"'
_ fluorescence study to show that no cell synthes1zes de-,ia"_
jtxtectable gamma crystallln unt%; one day after 1t has -
J=passed through 1ts flnal DNA synthe31s perlod.a |
| Studles oh the cell surface u51ng cell-electroe'if?\:;f“*

'1phores15 have also been done on regeneratlng 1rls cellsif ‘

'7‘A(za11k and Scott 1972 1973) These studles have shownhi;_;"

o ﬂthat there is a 51gn1f1cant decrease in the cell surface j; I

: a]charge between 10 and 15 days after lentectomy and that

t“i’dedlfferentlatlng cells lose neuramlnldase and RNase sen-j,s}"ff“

' h;381t1ve groups at the cell surface.- The authors have sug-f*t

'gested that the loss of these groups may be an. eve"t in

“v;:dedlfferentlatlon that enables the cells to change thelr QEEfoﬁ?dV

";differentﬁatlve route._}f?-5”'f

, One of the flrst 51gns of dlfferentlatlon in
.. many cells is the development' of asymmetric cell”
.~ form. ' Examples wouldinclude the- deveiopment of
Al c111um or a- flagellum, or the elongation of a v.‘xﬂ,;,n
,ﬁicell or part of . d cell such as occursErn the de--ffi' ‘
A gvelopment of ‘a: muscle cell, nerve cel o“?lens !
- cell,” (Tllney 1971) S R :

"“fflextendlng thlS hypothe81s to the Wolffian lens regenera-'frj{{fngg

.l
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»‘differentiation 1nto lens flber cells; The flrst primary
lens giber cells start to elongate 1n late Stage IV (9 -

15 days) or early Stage v (12 - 15 days) and 1t 1s at |
these stages that -the first lens spe01f1c crystalllns have :

| been detected., Elongation in these cells is important for

‘ several reasons.‘ l) 1t appears to be necessary for the

’;Jformatlon of the lens fiber cells and the synthe51s of

f;crystallins (Zwann 1975), 2) 1t 1s an lndication of the j(.

? “a

"onset of redlfferentiation.l It would therefore be valu-h_]V" -

_.f;able*to know how these cells elongate.,prfl*"‘"

Microtubules are the cell organelle most often

”:,_,01ted as major contributors to cell elongation. Early

.fworkers regularly observed microtubules 1n the mltOtlc o

"7:_;_apparatus (Mazia 1961), dendrites of neurons (Palay 1956), e

”110111a and flagella (Roth 1957, 1958), sperm tails (Burgos'”

»)ffand Fawcett 1955), axostyles (Grassé l956) and even in «143177*””"'

("

,fothe cytoplasm of some cells (Slautterback 1963) Along

'&fleth the 1ntroduction of glutaraldehyde as a general pur~f;¢:f}1,ff

."ﬁ?fpose flxative (Sabatini et at, 1963) came the realizationfefgjff7'

L

‘7f“tthat mlcrotubules were ubiquitous cell organelles. Sinceﬂf:"

‘m"'a;“cell elongation., Wessels (1971) has described howlmicro-° :

| ”7f4f7tubu1es act as a skeleton 1n many syStemS from neuronal

Y :

n4ﬂ1963 mlcrotubules have been implicated in many systems.asffffii;ﬁff

‘v{;being the causal or at least the supportive agents 1n
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r'_"".,‘*KJ.tchlng (1964), Tllney et aZ (1966) and Roth and
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.axons to mlgratlng cells from the embryonlc heart
h Burn51de (1971) ‘has suggested that in newt neurulatlonl
.mlcrotubules probably contrlbute o cell elongatlon by
_1some form—of cytoplasmic transport In Xenopus neurula- p
“tlon, Karfunkel (1971) suggests that mlcrotubules are :b
- probably only respon51ble for the malntenance of cell ?:f,Q . h;f
;'hshape.} Handel and Roth (1971) also concluded that mlcro- ;?f'
ftubules contrlbute to’ the malntenahce of cell shape 1n "
:,the chick neural tube-h Danlels (1972) has shown that ln-l:f;l7hi”
-4ih1b1t10n of mlcrotubule assembly halts the formatlon of fﬂ;ﬁ;ﬁ;

\nerve flbers.‘ Tllney and Porter (1967), Tllney (1968),

‘:f_TShlgenaka (1970) have all shown that mlcrotubules are re-gﬁfwiijdf

V-ffsponSLble for the extensxon of the axoneme of the long

SE r1g1d axopodla of the hellozoap E'chmoshaemwn nucleof-z,zm. S

~‘s7P1at1gorsky has reported that %k nom:syntheSLS of protein,ffn‘f

"7'4fl;poss1b1y mlcrotubular proteln 1s responSLble for contin- fi]{fw*”

: 1sgued elongatlon of Chlck lens eplthellal cells., Kuwabara

'f(l968) has found mlcrotubules 1n adult human lens cells

L

egﬁland has suggested that they PlaY a role 1“ maintainlng

f';‘fcell shape and rlgidlty.. A study of the developlng lens

vﬂ‘ftg of squld has suggested to Arnold (1966) that "the presencef]ﬁfﬁ_fﬁ

."iﬁxof mlcrotubules may be correlated with elongatioa, the

”f'"ﬁrhwitﬁ the secretlon of lens materlal"‘

”htmovement of materlals lnto the lens region or possibly

(1964) have observed the presence of mlcrotubules in’ the




-lhlnvaglnatlng ChJCk lens placode - wOrklng in, the same sys- :
. tem Pcarce and Zwann (1970) ‘have concluded that mlcrotub-it
-tules are’ not necessary for the malntenance of cell shape
once the elongate shape 1s reached They came to th1s “?
conclu51on after treatlng the. cells w1th colcemld and ob-'
}‘serv1ng that although the treatment caused the dlsappear-_?‘
iﬁance of mlcrotubules 1t dld not in %ny manner alter the

. ,'shape of the prev1ously elongated cells.l ThlS ohservatlon,vh

:.however does not ellmlnate mlcrotubules as.m-usal factors ;*4fg“‘”

oy
A 1oV B Lol
. SO S O

irfln 1n1t1a1 cell elongatlon .£~:x'“h
| In addltlon to thelr.suggested role 1n cell elon—'{
‘4J7digrhjlzgatlon;hmlcrotub les whlch have been found 1n other sfs—”fﬁ?'
| Qvtems have been aE51gned many dlverse roles from that of |
| '11'ra11road tracks' for dellverlng produ;ts: o 1nvolvement ';
"?ifln membrane 1nsertlon.‘ Hepler and Newcombe (1964) found
‘:fthat mlcrotubules are somehow 1nvolved 1n determlnlng the
.”iplace Of dep031tlon and the orlentatlon of the cell wall
v'zhégmlcroflbrlls 1n.cells ofCRdeus undergorng secondary wall ‘t;“:fffﬁ;
tlhf,deposrtlon Goldman (1971) has suggested that mlcrotub-ailifﬁh'
'thiules‘play lmportant roles 1n the determlnatlon of cell A
7tff'shape, the formatlon of major cell prOCesses, and 1n celliifﬁli§§;f

Lfilocomotlon of BHK 21 flbroblast—llke cells.. Kessel (1966) fflj}“]f

"studylng spermlogeneSLS 1n the dragonfly has implled that

“tfdithe orlentatlon of groups of mlcrotubules ln assoc1at10n

’ 5f”§5w1th the nucleus are responsible for elongatLon and pat

”ﬁﬁ:tern formatlon 1n the nucleus MacGregor and Steb
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(1970) have postulated an 1nterest1ng role for mlcrotub-
"ules 1n the telotrophlc ovarloles of the 'backsw1mmer"
Nomnmcta They suggest that mlcrotubules are respons1ble
for fac111tat1ng and dlrectlng the flow of rlbosomes from
‘-trophocytes to oocytes v1a the trophlc core and trophlc .'
'tube by keeplng these reglons open.' Hasskarl et_al (1973)
;have also postulated a- guldance role for mlcrotubul;s 1n
'tracheole mlgratlon 1n w1ng dlSCS of GaZZema meZZoneZZa
V‘iThey have shown that mlcrotubules are necessary for the
';tracheoles to mlgrate 1nto the lacunae of the w1ng 1mag1nal

‘ -‘dlSCS in culture.f The plentlful occurrence, orlentatlon

'Vﬁand grouplng of mlcrotubules and mlcrofllaments durlng |

- scale morphogenesrs :Ln Ephesta Kwhmella has suggested to

"'0verton (1966) that the mlcrotubules and microfllaments

il

‘ghave an 1mportant role 1n that system as well Observa—"
"ttlons bY Moran and Varela (1971) have lmpllcated mlcrotub-wﬂ-"\

'tdules 1n sensory transductlon ln campanlform sen5111a

FIV;:@mechanoreceptors assocrated w1th the cutlcle) 1n cock-‘;l

”’“Vhrotubules are present durlng the separation of hypoblast
‘”iGranholm and Baker (1970) have related the presence of

',ff'leadlng to the formatlon of the mesoblast 1n the chick_i

- roach legs., Sanders and Zalik (1970) have shown that m1c-‘fﬁ;dh7"“

77cells fromPeplblast cells 1n pre—streak chlck blastoderm.
NS

"mlcrotubules 1n the primltrve streak to cell invaglnation

l

_ﬂiblastoderm.f Goodman et al (1970) have s wn T?

possible

}ﬁrelatlonshrp between cycllc AMP and neurotubuleswkthe§ ame
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for.microtubules‘in the nerv0us sYStem)'inisynaptic.transf
'2_mission. There is ev1dence suggestlng that m1¢rotubules |
‘.may also be 1nvolved 1n membrane 1nsertlon and organlza-
"tlon.s Results of other 1nvest1gators also suggest that T
-mlcrotubules may have a role in controlllng the dlstrlbu-;
'tlon of adhes1ve components 1n cell surface and 1n the
stablllzatlon of antlgenlc determlqants and other func—_,‘
.’htlonal elements in hamster flbroblasts, (Wadd.il Robson, 1}"

"and Edwards 1974) Others worklng w1th pol"orphonuclear

. leukocytes have shown that mlcrotubular lnt grlty 1s Hj'7
A}essentlal for tOpographlcal reorganlzatlon/of the cell
surface after phagocyt051s (erver, Uken' and Berlln 1974,rhj

";\Ukena and Berlln 1972)

* Mlcrotubules seem to have many dlverse yet 1mpor-"f

‘:d;tant rolethherefore 1t 1s importaht to rev1ew what 1s

;em blochemlcally and tructurally The
Lie mlcrotubule and i}s subunlts has been 1n*f.5

f several workers.‘_:he microtubule 1tself has‘"*”'

4 a aiad ;f 225 250 a w1th a Ventral core of 150 A.auld]”_s;-*'

:Qons a mlcrotubule ppears as a cyllﬁﬁer whose |
\}posed of 13 15 globular subunmts.i The subunltsfn?ff "

. Stackﬁf ‘farly and 1n longrtudlnal sectlon the mlcrotub-'

Hls as 1f lt lS formlng a beaded fllament (Kiefer

”V*w;égodzgllgss)./ The proteln come51ng the subunlt 1s called

Q_%"Early estlmates hy Klefer suggested a sedlmentation

”°,tubu11n and varlous estlmates of 1ts weight have been made._jf"”
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_coeff1c1ent of about 2, Ss whereas Shelanskl and Taylor
-(1967) have suggested 65.' Welsenberg et aZ (1968) have'

found that tubulln normally exists as a dimer Mw 120 000

0 5 85 whlch in 6M guanldlne hydrochlorlde 1s con—

2owl* .
verted to the monomer-MW 60 000 Recent ev1dence seems

S

to 1nd1cate that there are two types of tubulln, called
elther tubulln A and B or tubulln l and 2 these categor~
ies were establlshed when it was found that tubulln mi-

‘grated as two bands durlng gel electrophoreSLS (Blbrlng

and Baxandall 1971 Stephens 1970) It is. Stlll not known

ulf tubulln ex1StS as a homodlmer or heterodlmer in 1ts h[_3

0
natlve state.-

Mlcrotubules are usually stralght and may be sev-

3

a7

~eral mlcrons long, some 1nvestigators have notlced brldges _'

between mlcrotubules. DTllney (1971) has suggested that

'_brldglng of mlcrotubules may be important 1n the formatlonh-

:irof the axoneme 1n Radzophrys McIntosh (1974) has observed f

brldglng 1n the axostyle of Saccmobacczlus and 1n the hellx'fff L

‘of tubules surroundlng elongatlng spermatld nucleus and

the flagellum of the sperm tall 1n chlcken testls.f Bhlseyffffg'”

~uand Freed (1971) have found cross—brldges on the mlcrotub-ff

'ules of cooled 1nterphase HeLa cells. Friedman (1971) hasf e

_/

ﬁ‘i*reported arm-bearlng mlcrotubules assoclated wlth an un-*""

' usual desmosome—llke gunction 1n adult crlcket t1b1as.la.h7 -

: Be31des many other observatlons llke the above, Behnke and,};fgabf

Ah.ffForer (1972) worklng on cranefly testls have shown that ‘

s



°

«

mlcrotubules can be transformed into a hellcal structure
"by v1nblastrne treatment These observatlons seém to in-

dlcate that mlcrotubules can have arms and that under dlf—'

1

ferent 01rcumstances microtubule proteln can pack 1nto

*_polymerlc forms dlfferent from that of the mlcrotubule.

'I

¢ Early work has suggested that there may be 51m11—
arltles between actin and tubulln. Mohrl (1968) and

_Oosawa et al (1966) reported that there were: 51m11ar1t1es l
| in amlno ac1d sequence between actln and tubulln from dlf- i
i'ferent source& Slmllar molecular welghts and electrophor-
etlc mObllltleS have also been demonstrated by several 1n:§

",vestlgators (Renaud et al 1968 Stephens (l968a)) ‘How- -

'"'fever Stephens and Llnck (1969) have shown that tubulln

-and actln from the same: organlsm, Pecuﬁtznnuhans,‘had very‘ :_;
,few amlno ac1d re51dues in common. ~Stephens (1968b) has
3_ also shown that althou#h actln and tubulln blnd a. nucleo~
:.tlde, actln blnds ADP, whereas neurotubular subunlts blnd‘. |
o GbP Welsenberg et aZ (l968) have shown that the tubulln -

fdlmer blnds two moles of GDP - one rever51bly and one 1rre-.

.'t] ver51bly.- Olmsted and Borlsy (1973) have suggested that

'e,actln and tubulln have possmbly evolved from a common an—’

. ]htcestral proteln.»_. : .fi "_w%“dt»-‘hit.;‘77;';:ﬂél*".f

'dff" Several metabolltes can affect mlcrotubular func_¢ft.;;3;
AR o e

‘”tion and structure, Cycllq AMP seems to affect functlons

"7;5wh1ch requlre 1ntact mlcrotubules; Ortlz et aZ (1973)

'uworking on cultured 1rls eplthellal cells have shown that

T



‘ chMP can cad%e shape changes in the cells p0581bl{‘by
: affectlng mlcrotubular formatlon. WOlfe (1973) studylng
Tetrahymena has suggested that cAMP stablllzes mlcrotubu— ‘
1es in the same manner as D, J' Crelghton and. Trevxthlck
(1974) studylng cultured eplthellal cells of l day old |
wrat lens" found that cAMP stlmulated cell growth and elon-""ln
‘~gat10n and accelerated the appearance of gamma crystalllns.._h
:”G;llesple (1971) worklng on rat spleen and llver has sug-
'lgested that Ca may also be 1nvolved 1n mlcrotubular | .
:'assembly and she and others have summed up the relatlon-iid
B shlp as follows-' p" | f ) g
| | ;low-cAMB;rCa;fzhbund'orkoutsldeff .

e
*

A Lo SOPE AR ‘n.‘ N ‘.
o subunlts +93»++ Microtubules vff
A .' _ high—cAMP ' ' .

:Accordlng to her scheme cAMP can elther stlmulate or inhib-m L
A"‘dlt mlcrotubule assoc1atlon dependlng on 1ts concentration;l”ﬁ
fThese results are 1nterest1ng 51nce Welsenberg (1972) has “i5
'.shown that Qa 1nhib1ts mlcrotubular polymerlzatlon enznino
L k '/si-f_fj Mlcrotubules have been show; to be’ unstable under A
'condltlons of cold (Tllney and Porter 1967), colchicine
'::Q-(Tllney 1968), cuprlc and nlckelous ions (Roéh Shg
hﬁ'shigenaka 1970), and v1nb1ast1ne (Marantz et aZ 1969) - pr]
’dv'jcontrasted to thlS 1s the*r marked stability in the pres-'f'f
4”~f“ence of D O (Gross and Spindel 1960 Inoué and Bajer 1961)

and hexylene glycol m mtro (K:erpatrlck 1969) . Behnke and
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Forer (1967) have shown in cranefly spermatlds, rat sperm |
Aand rat tracheal C111a that mlcrotubules can be c1a551— :
'fled 1nto four categorles accordlng to thelr reactlons to
varylno temperature, colch1c1ne, peosln treatment and neg—
'datlve stalnlng at pH 7: ;cytoplasmlc mlcrotubules, acces—*
sory tubules . (of 9 + 2 complex), B tubules (of the 9 +. 2 B
.,COmplex), and A tubules (of the 9 + 2 complex) (rat sperm .
.'and rat tracheal c111a contaln only 9 + 2 tubules) N

' Colchlclne treatment or 0° C causes the dlsappearanCe of

B CYtOPlasmlc mlcrotubules ' At 50 C cytog%asmlc mlcrotub-"# L

"'.ules are the flrst to dlsappear followed by B. tubules and |

-.f';flnally by A tubules.- Br;ef pepsxn treatment causes the :V'l"

9. doublets to\dlsappear. When negatlve stalnlng at pH 7

~ 1$ used no cytoplasmlc mlcrotubules are present, central
'.5 mlcrotubules are 1nfrequently observed . B tubules are;“eu
vifragmented and A tubules are 1ntact. 'ffj¢_ff?;jofl” :
‘ﬂ; One of the problems w1th studying‘microtubules 15

l;jdetermlnlng exactly when they arlse and thelr source thh-""

»

lln the cell Bes1des thelr associatlon w1th centrloles dur-f”,:

:lng m1t051s, and basal bodles in c111a and flagella, mic-:ft ;
brotubules have been assoc1ated w;th centrlolaﬁ satellites |
A_g*(de’l‘hé 1964 Robblns et az 1968) ¥ bodies free in the cyto-
}foplasm (Bowers and Korn 1968), membrane aSSOclated bodies
’f (Satlr and Stuart 1965);/portlons of the nuclear~envelope |
ioshas 1n d1v1d1ng Yeast cells (Roblnow and Marak 1966) the
:_”kinetocbore (Brinkley and Nlcklas 1968), the diffuse .
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den51ty seen at the mldbody in anlmal cells (Rohlns and
Gonatas’ 1964), and in the phragmoplast of plant ceyls
(Hepler and Jackson 1968) ) ThlS type of observatlon has
led some rnVestlgators (Porter 1966, Inoué and Sato 1967
Tllney 1968 Glbbons et al- 1969) to suggest that the
above mentloned structures may control mlcrotubule dlstrlb-l
' utlon by actlng as a nucleatlng centre., Plckett-Heaps;bg.'u
(1969) has suggested that mlcrotubule organiz;ng centres

and notcentriolesare respon51b1e f0r the organlzatlon of

o the mltotlc apparatus., He suggests that the centrloles are'

only respon51ble for flagella and c1l1a and that they Just
go along for the rlde" durlng m1t051s.4 Went (1959)

showed 1mmunochem1cally that sea urchln eggs contaln a

- Pprecursor for the mitotlc apparatus, therefore tubulln 4;

does not have to be synthe51zed dbruwo before 1t is organ- :afjﬁ

lzed this ldea has also been suggested by Platlgorsky et aZ
(1972b) 1n developlng chlck lens.} Burgess and Northcote |
(1968) suggest from.observatlons on m;tosxs 1n dlviding

plant cells (wheat roqt tlpsT that endoplasmic reticulum

o

“is re8pon51b1e for transport of tubulin to sites of micro-f;”ff;f

tubular aggregatlon and dlsaggreQatmn, A method of ob— e

"f7ﬂ servxng macrotubular 1nitiatron has been developed by

Spendlove u51ng mammallan cells (Spendlove et aZ 1964,4;{fﬁ*h“

SPendlove et az 1963 a and b, Spendlove 1970 Kahler and
Spendlove 1974) They use reovirus which coats microtub~

L ules and tubulln 1n mammallan systems. Fluorescent ﬁj3f5;¢ i

e . .
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mh.antlbody agalnst reovlrus waswused to- shOw whether or not ;f‘

mlcrotubular subunlts are polymerlzed or unpolymerlzed.

If mlcrotubules ‘are respon51ble for elongatlon how.”},

~

do they accompllsh this process?-'It has already been sug~'lf'

) gested that they do so by SOme sort of cytoplasmlc trans- h,_f'

_ port. (Burn51de 1971 Arnold.l966) Inoué (1959) and Inouériﬁf-‘v

and Sato (1967) ‘have suggested that chromosome movement

[

and cell shape changes are based on lablle assoc1atlon of

: molecules controlled by orgaanlng centres and other fac—'s

tors._ Stephens (1973) d01ng a. thermodynamlc ana1y51s of

d1v1d1ng sea urchln eggs at. dlfferent temperatures has fgg_t":ifa'

fhown that Inoué s postulate of flrst order polymerlzatlon'd
and " dlSSOClon klnetz.cs 1s the best way to desch.be

RN

mltotlc splndle motlons.=;ff‘

Mlcrofllaments ;3

Another cell component which has heen impllcated

in cell shape changes 1s the mlcrofilament.. Since the in-ijk;i*ﬁ

tegrlty of! mlcrofllaments is not dependent en glutaralde-fjj;lel“

hyde f;xatlon as are microtubules, these structures have

T TR P

been observed sznce the advent of the electron microscope.ff”fﬁffff

In sp1te of thls, very little work has been done on them

unt11 recently.i MCNutt et al (1971) have classif;e& the f?.ff'h“'

mlcrofrlaments present 1n 3T3 cells into two categorles?”~a7i;}ff’f

1' alpha fllaments, 50 30 A:-. These filaments which ap"ﬁ(“ﬂ'

pear as’ felt-lzke meshworks attach to the cytoplesmic

’ 4

'\
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'._surface of the plasma membrane, 2 Beta fllaments, 100 A ,Egl*
-which run 1n loose fa501cles,frequently surround organel- Lo
';"les such as. the smooth endoplasmlc retlculum and are par-:‘
. 'T .tlcularly promlnent near the Golgl complex. The authorS*;”‘t
| thave suggested that the alpha fllaments resemble 70A fll“;.if:si
'Q'aments whlch are belleved to have contractlle propertles | |
éln a number of cell types.p Ishlkawa et aZ (1969) have o
_shown that heavy meromySAn blnds to actln fllaments 1n the;th;f
f>gacytoplasm of many cells.g These actln fllaments are now |

thought to be the same as the microfllaments 50 7OA 1n d1-:‘7fyf

B O

A:ujfameter (Pollard and Welhlng 1974) » ‘ o
| The development of the drug cytochala51n whlch dlS*"ﬁ; g
rupts the organlzatlon of mlcrofllaments has greatly alded

;the study of these structures.} Most studles u51ng thlS S
‘hfifdrug have shown that mlcrofllaments play a role in cell '
";!:contractlllty as contractlle elements 1nvolved in cyto-isr;hin?

”‘a}l?}plasmlc streamlng (Kamiya 1960), in lnducing changes 1n S
:flf;cell shape Whlch occur during invagination or eVaginatxon féﬁff
Codn embryogenesxs, (Wrenn and Wessens?1970, Spooner and Sa l
.";7Wesselu;1970),‘1n cell locomotlon (Spooner et %Z 1971),

""" dn neurulatlon (Schroeder 1970 1973 Karfunkel 1971). .

fffWrenn & Wesseﬂs (1969) w1thout using cytochalasin B have

‘1fpostulated a contractile role for microfilaments during

A_iﬂﬁ‘fflens 1nvag1natlon 1n the mouse., Cytochalasin B has also

Jilfbeen shown to affect the uptake"of glucose (Cohn et aZ

F._ﬂ(fgjl972)._ It was suggested that th;s was primarily by an
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;fdactlon on the cell membrane.‘ Studies have also been made O
;;on the effect of cytochala51n B on actln._ Cytocha1a51n B.
“r[has been shown to. 1nduce the collapse of F actin fllaments-:g':i
.(30 =70 A ) and to decrease the 1ntrin51c v1sc051ty of F-t.

‘actin (Spudich & Lln 197?) In these studies 1t is. 1mpor-i?”
:t_tant to note that cytochala81n B does not affect microtub-ff_ﬁ
irules and that colch1c1ne does not affect mlcrofllaments,‘,hf.~f?5

r‘therefore the respectlve roles of each of these organellesfti"

““5if1n cell functlon can be elucxdated ln systems where both 5;f4_f’

. /‘-—.
:of these structures are present. Not all workers accept

the hypothe51s that cytochalas1n B acts as a disruptive

dff agent on mlcrofilaments. Estensen, Rosenberg and Sheridan:fffiln

(1971) are Just one group that have p01nted out that the

1:fiev1dence for unequivocally acceptlng the relatlonship be—_‘;ﬁiggg{
iwtween mlcrofilaments, contractlle processes and cytochal-“:s-”iv

'dfgia51n B is open to Ctlthlsm in several areas.,;fff;fgf R

Some workers have 1nd1cated that their findings

'.{i~§suggest that mlcrotubules and microfilaments work together

"igemany authors, mentioned prevrously 1n this review (Burnside

TW'ln some form of co~operat10n.i This is not a new 1dea sznce

'?.J-i.

N _'71971 Karfunkel 1971 and Handel & Roth 1971) already men-?v |

s

"ftfjtioned have discussed how an 1ntact framework of microtub—.;dnf;;f

"'ules 15 necessary before the contractile microfllaments RS

“f;p can functlon. Yamada et aZ (1971) have bee ““wjii?hfif“;”*'“"“i”




.

that 40 60 A f;laments have one end inserted 1n the plasma

membrane and the other on the walls of the m1crotubules.~7

P .
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: MATERIALszﬁDanTnoDS;= f}fih“v

Af, LEHteCtOQX,and Irldectomy of Newts« ‘ . '
JT Adult newts Notopthalmua mmdescens, formerly Tmtu.rus"‘ ‘

yf_vzrukwcens) were supplled by Mr Glen Gentry and Mr. Mlke

Tolley, Tennessee.; They were stored~at 8 C 1n aereated

~tanks Prlor to the de51red operatlons the newts were

itf,anaetheSLZed w1th MS 222 (Trlcalne Methanesulfonate Sandoz ﬁ'] 1

I

;r;PharmaceutlcalS, Hanovér;.N J ) and were lentectomlzed o
.’yi.after the method of Elsenberg and Yamada (1966) A horl-tﬁi:5ﬁ

 hi]zontal 1nc1s;on was made through the cornea and the 1eneﬁw;}f;v“v

| ”Tifwas extracted by exertlng gentle pressure on the cornea;?h

}”‘;iiﬁFhFollow1ng the operatlon the newts were kept at 22 5 °C. inf;h:ff“x:

ul'#iplasth contalners fllled with dechlorlnated tap waterheﬁffe

,: The - newts were routlnely fed once a week on Emﬂwtnums %{;}iiﬁ~fﬁ,

After approprlate intervals the ersal 1riges of AT




the inc151on was then extended upward and c1rcumferent—'.

; -1ally along the upper margin of the eye until 1t joined

rfl» B (ICI Laboratories, Chesrre, England) were dissolved in

f? the 1nit1al corneal 1nc151on.; The lrlS and attached cor- ‘\v
"nea were. placed 1n 0 118 M P04 buffer pH 7 4 The cornea”dﬂb
and any adhering v1treous material were then removed from A

| the lrls w1th two pairs of watchmaker forceps.. The iris ?*l

was trimmed w1th 1r1dectomy SCissors so that only the cen--ﬂf:f;fh
ktral region containing the regenerate remained The 1r1$ x

was then ready to be cultured under appropriate conditions.ufjff’”

NN

;.h | Culture Conditlons’ﬁd‘ | e |

e All experimentsdwere performed at 22 5 C;: The ,}
trimmed 1rises were cultured for 24 hours 1n 50% v/v L-ls .
(Le1bov1tz) medium (Grand Island Biologlcal company) dilu;ffd?Tx
ted with sterilized dlStllled water and containing so IU/A:f""
ml Penlcillin-Streptomyc1n (Grand Island BiOlOQical Com~ }ﬂler?;t
Pany) ' This medium w111 be referred to as the control A

medium. In experiments de31gned to 1nvestigate the effectfie g

of certain drugs on regeneration, colchicine (Sigma Cheml-l'flﬁ'“

cal Company), v1nblast1ne Sulfate (sigma) or Cytochalasin Qf;f‘ff?;

the culture med1um.» LumlcolchiCine was prepared bY ultra-},iﬁi
vmolet 1rradiation of colchicine according to the ﬁethod

described by W1lson & Friedkin (1966).

10-20 1rises per 5 mls of medium 1n a 60 x 15 mmJSt:ri;j

plastic petri dish (Falcon Plastlcs)




"7:ﬂwere fllled w1th dechlorlnated tap water. ThlS incubatlon

i:['after referred to as tnznvo 1ncubatlon.‘ At-o 25 days after

R

.1ncubat10n at- room temperature,.thellrlses were brlefly

o rlnsed in control medlum and were then 1mplanted 1nto the
;eye of a freshly lentectomlzed newt, one 1rls 1mplanted

”r';per eye. The host newts were then placed 1n plastlc con~?" -
. 0

talners contalnlng m01st tlssue paper for 5 days. After

thlS tlme the tlssue paper was removed and the contarners SRR

“5'of the treated 1rls 1n a host lentectomlzed newt 1s here- 7 -

,irls 1mp1antatlon, the host newts were anaestheSlzed, sac~'tf;;f‘f

"117pr1f1ced and elther the 1rls implant or the whole eye was

- processed for e]_ther 1J_ght mlcroscopy, fluorescent antlbody

"15.stain1ng or. electron mlcroscopy
: " o R

“;ﬁle Operatlon Control

Experlments were done 1n order to determlne the lﬂlrﬁiT‘

i ﬂ*f;effects of uzvvmw and.znﬂyvo cultUre conditions on the

‘Fﬁ'control 1mplanted 1rlses. Irlses at 0 2 5 6 7 10 lS,,,,lfw

”‘;rland 20 days after lentectomy, were cultured for 24 hOurs

“fftnzntnzln control medlum and then were cultured a further

"“f‘;},ls days 1nznvo 1n the eye of a lentectomlzed newt.ugTheyffffiFfff;f

R 2 Dose Response

 observations. .’ .




: ‘7,The correct amount of colchlcy

, .f C - 39
'zlrlS, studles were done u51ng varlable drug concentratlons

”‘of colchlclne and v1nb1ast1ne. The effects were tested o

| 5 . :
' over a range of . doses reported Ln the llterature to have S

. an effect .on. mlcrotubules-'ijfffgbf f;,]f,{jf?..f;pf ? l3ff o
Colchlclne. _0 005 mg/S ml mediuﬁf;%-ﬁ;s;'r;log

‘f.;*o;os .mg/s ml mgdiumf_e 2. 5_ % 10°

L2
nx
u
><
S

0. 57p ng/5 ml meaiumx,f

!
}..4
N
U‘l
x
;...n
O

12 5 fﬂm9/5°ml_medlumf;f

5-&Colch1c1ne was used under dark condltlons as much as- pps—xfln*w

’ﬁ51ble 1n order to prevent 1ts conversion to lumlcolch1c1ne

ﬂ was welghed 1n a

'§7f lpetrl dLSh to Whlch 5 mls of control medium were subse-‘=“

;;l,quently added “ifrvif;;fii:ii;ifufj}”fl}fsﬁ.il{¥;¥5 -

6“; 5

b”“alifV1nblast1ne.. 0. 02 mg/S ml medlum -‘4 4 x 10 ..:?;ffufﬁiﬁ*'u

'Lv13,3¥§j5?;;‘g& 0. 002 mg/5 mt medlum « 4 e x 10 -7 M";ffif-pﬁf7r{7}
PR 0. oooz mg/5 ml medlum - 4 4x 1078

14

"lffA stock solutlon of V1nblast1ne was prepared by addlng 10

7[mls of sterile dlstllled water to a sealed v1a1 contalnlng

flo ng. of v1nb1ast1ne., fﬂiflijfffff7i?f&l*:-*

/_-:‘:,‘_ L

‘7U3._5Most Effectlve znznuo Incubatlon Tlme

The experlments wer”lde51gned 1n order to deter-v

Q”f{}mlne how long the 1rlses had to be cultured tnzﬂwp before i

'2.?the‘drug effect was apparent and for howvlong _he’efweot

. remainea apparent. #bor this study 15 day. regenérate irise:

'f.fwere cultured for 24 hours elther 1n control medlumkor in

5

7f¥med1um contalnlng 2 5 x 10 M colchlcin“
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drug‘treated lrlses were’then lmplanted 1nto the host newt

‘:_'At varylng tlmes after lrlS 1mplantatlon, host newts were ,J‘ -

o _énce of }

% Were removed

.. series of ey lrlses were removed 0 2 5, 6, 7,

ﬁ?vwere flxed and Processed for h15t01oglcal

-sacrlflceyd”r“

observati? ”1- 1mals were. sacrlflced at 5, 10 15,

treated 1rlses had been 1mplanted L

t;f'h-
4 to determlne the sens1t1V1ty of dlfferent
;tages to a partlcular drug treatment, 1r1 es 3
f?egeneratlve stages were cultured 1n the pjes—7a
{drugs mentloned prev1ousfy., Slnce 1t 1s not :
Zaccurately stage the regenerates w1thout hls-g

' ;toiogiea;; 311nat10n of them the perlod between 1entec-ﬁ'

l of the 1rlses, 1n days, ‘was used as a f;nsﬁgahv:‘
“.newts 15 days after lentectomy. In one _f

”glqéfLS}fanv' safter lentectomy, were cultured/for 24

' ‘;?hdurs“inam _um contalning 2 5 x 10 M colch1c1ne/5 ml

"‘fgmedlum, or control medlum, and then cultured a further 15

}’rffdays uzznvo., Thé hosts were then sacriflced and the eye—~f;*ff{f

"d:yg?balls contalnlng the 1mplant were prepared for llght mlc-57fa*’irh'

;u,,ﬂ;roscppy.- An addrtlonal experlment in thlS serles was per-'

"_ - . . / .

”::formed 1n Whlch seven day 1rlses were left 1n tha host for ,ff::”.

"2;20 days. In other serles of experlments,_lrises were re-ﬁ”gd}g

‘"Hfif;moved 0 2, 6 10, and 15 days postlentectomy and were - gifffl?{f

‘C‘;chlturEd for 24 hours 1n c0ntrol medlum ;rdin,med,q,w




: contalnlng one of the follow1ng compounds a)5 ug/ml

: cytochala51n B, b) 5 ul/ml Dlmethylsulfox1de (DMSO) a

‘ solvent for cytochala51n B ;'c);4.4x10 7vM‘VinblaStine _—

'S; ‘Lumlcolch1c1ne

Inégrder to determlne whether or not colch1c1ne
was affectlng cellular processes not 1nvolvlng mlcrotubu—
lar assembly, 1um1colch1c1ne was tested on the system.;p.m

Lumlcolchlclne was prepared accordlng to the method of

41

w,Wllson & Frledkln (1966) - colch1c1ne was dlssolved 1n 95%1__;/

_sethanol and then 1rrad1ated w1th ultravrolet llght for 24

‘”'ihours. The conver51on to lumlcolchlclne was Judged to beif7
complete when the absorbance.of the solutlon changed from if~”
';350 mu to 305 mu. Lumlcolchlclne was recovered from the\M;:

’solutlon by evaporatlon of 95% of the solvent., Colchic1ne57,nf-*ﬁ

--»‘

treated ln thls manner no longer exhlblts antl-mltotlc or's‘

'omlcrotubular dlsrupting propertles., Flfteen day regener-lfW;wf.._

S Ty
'”‘-contalnlng 7 5 mg/5 ml medlum lum1colch§c1ne and then for

“-frlS days 1n a host newt ,xff_jf};ﬁfrfﬂoyif_:f

4pec1men Preparatlon'jghrbj[Vf-;\;ffﬁf“a,;'fffr

ﬁrfi-lg; nght Microscopy Studles 'difdfffffif?*il,%

The newts Were decap1tated°and the heads were

placed 1n Boulns' fixatlve.; After a lnlmum of one day 1ni}&;v

the flxatlve the heads werelﬁﬁaced 1n 70% alcozol for 24

AR
A

hours.‘ 051ng a sharp scalpel and flne sc1ssor

TS

""ate 1rlses were 1ncubated for 24 hours znzntro 1n medlum F

the eyecupsﬁﬁﬂ'”'
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contalnlng the 1mplanted irises were. removed from the
heads and pﬁaced in fresh 70% alcohol The tlssues were
“ then dehydrated, placed in benzene and embedded 1n para—

lplast (Flsher Sc1ent1f1c) The blocks were then sectloned

o :
 on a Spencer 820 mlcrotome at 7 mlcrons,. ectlons were

. placed on glass SlldeS and stalned w1th Ehrllch's hemato—~

fxylln~e051n. Inltlal observatlons were done bllnd .

.
v

2. VElectron'Microscopy-Examination

Flfteen day regenerate 1rlses cultured for 24 hours'
7(

‘ :_ln'control medlum were removed from the culture medlum and

.Zf-lmmedlately flxed in 3% glutaraldehyde (LADD Research In- o

“**f'fﬁ98 5% ethanol two 20 mlnute changes fJ“f;hfh;ﬁitieifrT::“

;dustrles) 1n 0 1M p04 bUffer pH 7. 4 for 3 hours at room
; ;temperature. The follow1ng schedule for electron mlcro— ; fif:ff-*
' scopy flxatlon was then followed |

7r1nse 1n 1M PO buffer pH 7 4 for 5. mlnutes and then
11n fresh buffer overnlght ‘ - o , B

.:fpostflx in’ 2%. 0504 - (LADD Research Industrle Tne.) 1n‘r”5li,v
-~ 0.1M. PO4 buffer pH 7. 4 for % 2 hours at roo% temperature S
f}wash 5 mlnutes ‘in- 0 lM PO4 buffer pH 7. 4 at room temper->‘
';ature ;r__'; ,.;,a:p » TR, T

S

’ffﬂf50% ethanol 10 15 minutes 3;52ﬁ;75;f”v‘”7h’5*::}"fa;ﬂff;1ﬁg"

708 ethanol 10-15 mlnutes L DA
. : ._wu :

0% ethanol 10 is mlnuth el

'7;_90% ethanol 10 15 mlnutes _l.f;fwg,?f7wwﬂff;fviff.f“iﬂ:'At'”

”f!fPropylene ox1dé two 15 minute changes ;}]ﬁjf f}f,;;>gj7""

“fﬁfal l Propylene ox1de.-—Epon overnlght uncovered

Ao
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1’0 02 mg v1nblast1ne/5 ml medrum were treated 1n a manner ‘dfi

43
' A
Embed in Epon: leave 1-2 hours at room temperature.

48 hours 1n an oven at 60°C
Q

The Epon was prepared as follows- 4 mis of Solutidn A (80

gm Epon 812 + 91 gm DDSA) + 6 mls Solutlon B (100 ‘gm. Epon

’812 - 76 gm NMA) + 0 14 ml pMP- 30.' All Of the embeddlng

¢

chemlcals Were obtalned from LADD Research Industrles Inc.

Sectlons of 500~ ~800 ‘A were made on a Sorval Porter- p

”Blum MT II ultramlcrotome u51ng a dlamond knlfe (E. I.‘~

Dupont de Nemours & Co. (Ine. )) The Sectlons ‘were plcked

:.up on 200 mesh copper grlds (Athene type)(LADD Research -

Industrles Inc ) and coated w1th 25% Formvar (LADD Re—-dw

search Industrles Inc ) - The grlds were routlnely stalned

- /-
: w1th 2% uranyl acetate (LADD Research Industrles Inc ) for

1+ 2 hours and rlnsed in- four changes of . dlstllled _water. fu

‘ Uranyl acetate was prepared 1 day ahead as a- 2% solutlon
' { ln dlstllled water.- The sectlons were then stalned w1th :
._IO 2% 1ead CItrate (LADD Research Industrles Inc ) for 2- SYT'
n‘mlnutes washed in. four rlnses of dlstllled water for a
1:total of 1 mlnute (the flrst wash contalned 0 01 N NaOH) o
'LLead c1trate was prepared by dlssolving 0. 2 grams of leadfi?fh
' ,. _.cltrate in 100 mls of dlstllled water, 10N NaOH was"added‘_:_. .~

"fdrop by, drop to the stlrrlng solutron unt11 all of the

) oL

: precrpltate dlsappeared.v ~;,,p "ﬁf

Fifteen day regenerate 1rises cultured for 24 hours

RN ln medlum contalnlng 0 05 mg colchlclne/s mls of medlum orqtjfﬁ;;

- R T

j;Slmllar to the controls. Some regenerates whlch had been ,'~f-

» .
. .

[€)
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treated with COlCthlne Were 1mplanted in a host eye for
three days and were then removed and processed as men- ,
tloned prev1ously Adult newt 1enses were also flxed and

treated in a 51m11ar manner.; All electron mlcroscope ob—‘

\

serVatlons were made on a Phlllps',zoo electron.mlcroscope.

'E;"Fluoresceht Antibody~StUdies

After 15 days in vivo cultyre the corneal incision
'rgs reopened w1th a. sharp scalpel and gentle pressure was.

applled to the anterlor part of the eye 1n order to dls—'

¢ /‘

| lodge the iris 1mplant, Whlch was then carefully remdved.7-

L

The follow;ng procedure adapted from Salnte-Marle (1962)

'was then followed The tlssue was placed 1n 95% alcohol:f
| for 24 hours at 4“C, dehydrated w1th four l hour changes‘

:of absolute alcohol"thls was followed by three changes 1

“out/at 4-C. The tlssues were then allowed to attaln room

‘temperature mn the flnal xylene bath. They were passed

*embedded 1n flltered paraffln. The blocks were stored at

[

'?=w1th Mayer s glycerln albumln (BDH) Thrs treatment d1d

A

.;Slldes were stored at 4°C for not more than a week and

44 .

-'hour each of xylene., All of these procedures were carrledfgif~'

through four R hour baths of flltered paraffln at 56 c andf”'

'“h4 C and sectloned at 7 mlcrons ‘on a. Spencer 820 mlcrotome.f:.';;i

”>y'The sectlons were placed on glass slldes previously coated} o
“not add any non-spec1f1c fluorescence to the samples., Thehf jf“

"’fluorescent antlbody stalnlng was performed accordlng to .



1.

“__(Mlcroblologlcal Assoc1at10n Bethesda, Maryland) for

Sainte-Marie (1962) as follows:

Deparaffination- Slldes were deparafflnlzed ln two

.changes of pre- cooled (to 4°C) xylene, 1 mlnute each.
7:They were then passed through three 30 second changes
'of pre cooled 95% ethanol and through three 1 mlnute

'changes of fresh pre cooled stalnlng buffer (0 118

PO4 buffer pH 8 4)

Fluorescent Antlbody Stalnlng'“ The slldes were ex-,

iposed to absorbed ant1 lens Spelelc antlbody dlluted

,washed for lo mlnutes in stalnlng buffer and then

flxed for 20 mlnutes 1n pre—cooled 95% ethanol.f The

’ slldes were washed ln three baths of cold stalnlng
R ?buffer, 5 mlnutes each They were then exposed to

- fluoresceln labelled goat antl-rabblt 1mmunoglobu11n

‘.7;30 mlnutes.- The slides were then washed 1n three o

‘3f changes of cold stalnlng buffer, 10 mlnutes each

:l_fsllp Was gently placed on top. The slldes were stored .f“

:ffln the dark at 4°C for not more than 2 weeks.lhff“'l\

45

1:4 w1th stalnlng buffer for 30 mlnutes., They weref_.sf,ﬁ

,rdrop Of glycerol was placed on each Sllde and a cover-~h7'

For control purposes, sectlons of a 15 day regen--;;,g'

’1_erate were exposed to serum from a control non-lnjec-""

'[ments were as above.pijf't =

fted rabblt, 1nstead of lens{antlserum. Further treat—7hf';gf?
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’-,Antlbody Preparatlon e

Mature v1rgln Dutch Belted female rabblts were.
Vvused The anlmals were 1n3ected w1th 2 mls of a homogen—‘;
ate of newt lenses (5 lenses 1n l ml of 0 118 Na 1) mlxed
1n l ml of Freund's complete adjuvant (leco Laboratorles)

| Two weeks 1ater the anlmals were lnjected w1th a mlxturei

" of 1l ml of antlgen (5 lenses per . ml) and 1 ml of Freund s
Q

ilncomplete adjuvant. One week later the anlmals were ln-as .
Jected w1th a mlxture of l ml antlgen (10 lenses per ml) |
1.1and l ml Freund s 1ncomplete adjuvant. Two weeks later the
.p‘rabblts ‘were bled from the marglnal ve1n of the ear.,_?hefvfk“
: blood was 1eft to clot for l hour at 37 C. The clot wasii
separated and centrlfuged at 4000 g on a Sorval RC 32 cen-i“-ﬂ*'“f

W
_trifuge., The supernatant was removed and centrlfuged fur-

“.'

'ther at- 9 500 9'3 R
| Before use the antlserum was absorbed by reacting

1t w1th an equal volume of newt tlssue powder obtained

‘[from lentectomlzed newts for 8 hour at 4 C.:/The serum was

tfffof agar was’ drled in an: oven (60 C) for one hour and theiffsi

‘then tested for react1v1ty agalnst newt 1ens extract, by'

o Cod
a“means of 1mmuno-electrophore31s., Glass slides measurlng;‘ﬁ
fS cm. x 12 cm. were thoroughkyiwashed and dried and thenﬁ f ;f_,’

“‘;mcoated Wlth 2 mls of 5% Noble agar (leco) This layerff7w7pffs]

‘:"sl1de was then coated w1th 10 mls of a l l solution of

o eniNoble agar in 2x barbltal acetate buffer pH 8. 4 86.A The-ft;f*

.2x barbltal acetate buffer was prepared as follows-flgll‘,

[



'10,'8 gm sba'ium barhital
- 8,6 gm sodlum acetate
: 5:_"11 64 ml o. lN HCl
zdlStllled water to 1000 ml, |
| After the agar had set, ‘a- central well 6 5 cim- x 1 mm an- :
. two c1rcular 51de wells 1 mm dlameter (5 mm from the cei—
| tral well) were cut. Thefagar was removed from the 51de :
wells and 50 ul of a solutlon of lO lenses 1n 0 118 M |
sallne was. added to each well - Electrophoresxs was then j
carrled out at 4 C for l% hours at 5 volts cm on a G K |
Turner electrophore51s cell model 310 After 18 hours the
;slldes were removed from the electrophore51s chamber, the |
agar ‘was’ removed from the central well and the trough.wasl!r{&;‘
fllled with absorbed serum._ The slldes were carefully

placed in a moxst chamber at 4°C for 24 hours. After 24

'”.,-‘\hours any unreacted proteln was rlnsed from the slldes by ﬁf?lflf

a further 24 hour wash 1n 0. l M P04 buffer.u The agar was ifftiff
‘ then drled bY plac1ng filter paper on 1ts surface for two o
-::; h°urs and ,was then Stalned for 3 mlnutes wlth 0 2% Ponceauf'tfefﬁ
| S 1n 3% trlchloroacetlc a01d.(TCA) Any unreacted staln i‘::\“ﬁ
was removed bY several l hour washes 1n 3% TCA ' L

A

. Fxfteen day régenerate 1rlses that had been incu-:-;»"rfﬁ
£ B

bated for 24 hours 1n either control medlum r medlum con-}**;gjr

talnlng 0 05 mg/plate colch1c1ne and a further flfteen
days zn vux; were used to test for 1mmunofluorescence.x:;v; RPN

Tlssue for 1mmunof1uorescence was prepared as. prev1ously

'_',‘ e,
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'._;describedv hrver ‘and lens' tissues,. fixed as described
_'prev1ously, were also used in orderlto.test for the spec-i

;1flclty of the serum and the fluorescent stalnlng.“ Obser-f::’7

efvatlons of fluorescence Were made“on a. Leltzofluorescence lf”

‘mlcroscope equlpped w1th a hlghtéressure mercury burner._.

_Ex01ter fllters UGl 8612» and UGS, were used.v The bar—s

S rler fllter was used 1n posltlon 3 whlch was the correct

.;f settlng to observe fluoresceln fluorescence.u Photographs

"-fwere made on 35 mm plus-x-pan fllm u31ng dark fleld 111um-,:}:'~

:t inatlon._f.iy‘nf_*d;*fj‘i": =h,:“b”7515 ’?Fféﬂ%}ulﬁlv?f?.,:"f”

lif”F; Autoradlography . | o
o ‘ Autoradlography‘experlments.were performed in order :1€j
'fto determlne whether or not colchic1ne Was 1nhlb£t1n§ the f“?
“fhlncorporatron of 3H urldlne, 3H thymidlne or 3H leu01ne._ ”gﬁ.f
_t.t;(Proteln studles also helped to show 1f crystallln Syntthéﬁ%ff~
asls w4618 belng affECtee ) ”},}; O A Ao ©

In order to determlne 1f nucleotlde 1ncorporation f%wf‘"

‘s-was 1nh1b1ted 1n my system, 15 day regenerate 1rlses were f'l”

'"*7;Uultured for 24 hours 1n control medlum or. 1n contror med-?ﬁf]jf“

fflum plus 0 05 mg/plate colch1c1ne. The 1rlses wbre then:;%fj}{j:

’ ..slmplanted 1nto a host newt whlch Was immedlately 1njected L

U of thym;.dlne-methyl- H (speclfic actlvn:y - 15 9 mlr-m'-"/

17;w1th 10 uc of urldlne - 5—3H (New England Nuclear) (spef;i”vy

S

.'-_,_._-‘clflc aCthlty 24 9C/m1]_]_1mole) :m 50 ul sallne OI‘ 30 uc e

._lr;mllllmole) (New England Nuclear) 1n 60 ul sallne.j ThevﬂTBE:hgg_,




,-.49-~
'Anewts were sacrlflced twelve hours later and the eyes-i'A
;f were flxed and dehydrated as’ for llght mlcroscopy.} The'k
_Uslldes were deparafflnlzed 1n two 5 mlnute baths of xylene ;"'h
;and then taken through 2 baths of absolute alcohol for 5 __nvﬁi‘

"3

mlnutes each The slldes were then placed 1n ‘a cold S%

~TCA bath for lO mlnutes to remove any unbound radloactlv-

:’;lty. They were then washed 1n dlstllled water, 1ncubated

4'ffin lO% H 02 (Flsher 8c1ent1f1c) overnight and then washed

‘ fagaln 1n dlstllled water and a1r drled The slldes were I

‘"ﬂ}Acoated w1th Kodak NTB 2 emu151on ln the dark.,yThey were o

ildrled overnlght 1n a- neoprene coated test tube rack, placedliﬁ“j{

"fdln a llght~t1ght bakelite sllde box and exposed for 3 weeksﬁff:f

0

“Aeat room temperature.“ Slldes were developed for 28 minutesf;ih“.

"Je'ln cold D-ll (Kodak) rlnsed once 1n water and flxed for 5

Hmlnutes 1n Kodak leer; They were then washed for 20 mln-sjjff;ﬂ

| ”“;[utes 1n runnlng tap water,‘stalned for 2% mlnutes in haema-’ﬁifff;:}_‘,>t

toxylln-e031n and mounted 1n DPx Mountant.ip [,gf;&r;gziﬁf

For proteln incorporatlon tests, irises from 10 andi;@i**'
S . . o

’

‘:?dfls day regenerate newts were removed and incubated in_ﬁﬁff?7f‘ N

\

.'»,ﬁdelther control medium or medlum contalnlng .05 mg/sml

.”dgiof the colchlcine. They were 1mplanted 1nto host newts

'?$%Which were shcrlflced 0, 5, 10 15, and 20 days afte7 im~
_Plantatlon-; Three hours before the animals were ‘83 fificea'
”‘53;;the newts were inJected w1th ¢ 6

(Sp ac 35 4 curles/mM) 111 50 ul saline (New England

epfdh-leucine-4 5:'H

»iNuclear) The tlssues were then,trocessedfiy_the,same
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. manner as the urldlne and thymldlne 1ncorporatlon experl- )

ments, except that the overnlght exposure to 10% H202 was"“_,i»
R - -4@ ". -~‘,‘ LT
omrtted. NER

| "hG;i Cell Electrophoresrs
Changes 1n cell surface components durlng lens re— :ff;ff

v generatlon have been detected usrng cell electrophOresls :,h

"‘r (Zallk and Scott 1972) In an attempt to lnvestlgate

'“'ﬁi Zallk and Scott (1972) found that neuramlnldase sens1t1ve
";* groups reappear on the cell surface by 20 days post-lent—ﬁ
"fff ectomy Neuramlnldase sensxtrve groups are detected by

'”lﬂﬁ‘thelr method in the normal plgmented lrls cell.; These

e whether drug treatments had an effect on the cell surface ;;?;_;:
: the effect of several enzymes on the eleCtrOPhoretlc moblla**"'

f 1t1es of control and drug treated 1rlses was 1nvestlgated. ;'ffff

r’

groups dlsappear from the cell perlphery as cells ded1f~

'“Zg'ferentlate, and reappear agaln at the onset of redlffer-fﬁﬁj@'i"

e entiatlon whlch occurs 15 20 days after lentectomy.lﬁf,,{fj[fgﬁ{'

*?J'Twelve 1rlses per experlment were cultured for 24 hours ;;fft?if




'-151?
’( Flsher 801entlflc Company) 1n 0. 118 M sallne for % hour

..on a shaker waterbath set at 37 C Cells were recovered

l'by centrlfugatlon at 250 x 9 l fbr 5 mlnutds 1n an Inter-‘:.k‘
‘natlonal Cllnlcal Centrlfuge. The cells were then washed ﬁlglfV

‘1.1n 0 118 M Sallne, and th% cell suspens;on was d1v1ded inQ(‘ffw

o yto two tubes._ One allquot of the cell suspen51on was 1n-;ffl~

alcubated in an equal volume of sallne and the other was 1n-flfiﬁﬂ

i f{cubated at 37 C for 30 mlnutes 1n an equal volume of

l”;neuramlnadase (Behrlngw:'ke AG) contalnlng saﬁ!he (25 unlts/

“V_ml) w1th 0 ODSH CaClz.. After 1ncubatlon, cells were

. washed 1n 0 llBMANaCl pH 7 2 and used for electrophoretlc

L f}.moblnty Studles. LAl T e "

The electrophoretlc moblllty of the cells was meas-;‘fu.

:“7ffjured u51ng a. cyllndrlcal cell electrophoresis apparatus

"»z}(Bangham et al 1958) equlpped wrth a l ml chamber. ob-‘” y

Fftalned from Rank Brothers, Bottlsham, England. The appar-}ﬁfdoh

Tle,

.ljatus conslsts of an electrophore81s chamber made ofia‘m g

R cyllndtical glass tube 1nto whlch élatlnum electrodeslv" '

-

7ffa11nserted The chamber is placed 1n a thermostated circu-jkffrffe

" "*i»_.‘,f"latmg water—bath malntalned at 25 C-< The elec*—mdes‘are o

hﬁghfconnected to a power supply and thelr polarlty 15 reversed_ ,.

Of the .'g-]_ﬂass tube. -

'{fin the water-bath andffocused on the optical

The cell electrophoresis




.'1_ (a)» The® flrst set of experlments was done 1n order to f

;callbrated with human erythrocytes, 1n 0 145 M NaCl pH é&Z
_1The mlgratlon rate of the 1rls cells was measured by tlm{
“1ng thelr passage over three squares, lSu each, of a grat-;}f??

llcule bullt 1nto the mlcroscope. Therefore each measure-vl

nment represents the tlme taken by each cell to travel 45u.{ff_g

1fU51ng this method 3 sets of experrments were performed

‘,;;1determ1ne when neuramlnadase Sen51t1ve groups could be

~idetected at the surface of cells from regeneratxng 1rlses.fr*“

A ‘.Ir:Lses at 14 15, 15 17 18 and 19 days after 1entect°mY

| 'ftneuramlnldase treatment on thelr electrophoretlc moblllty, - f,ﬁ

: ’”T'fappearance Qf detectable neuramlnadase sen51t1ve groups

'VQ-}114 day regenerate 1r1ses were 1ncubated for 2, 4 6, and 8 S

, .were used 12 rrlses per age.v These 1rlses were 1ncubated

-pfor l day in- control medlum, and then the effects of

’f(EPM), Was determlned (b) It was 1mportant to ascertaln fﬁf'h‘

effthe necessary zn vtva 1ncubatlon tlme needed for the *Hf;53~

.&fat the surfaces of the cells of the 1rlses For thls purPOSe'avf;

fffdays'u1vzvoand then the effect of neuramlnadase on the
”ri[electrophoretlc moblllty of ,he"cells was,:determ:l.ned._4_.‘.;:‘-‘'V""’~

l'ri( ) In another series of experlments an attempt was made

”ﬁjﬂto 1nvestlgate whether there was a perlod of regeneration rf%"f

”hffjfsen51t1ve to colch1c1ne or vinblastlne treatment, Wh1°h

"3;ffgr0uPS at the cell surface. Sets of twelv.. ;

ffiiwould prevent the reappearance of neuramlnadase sensitive Wi

'”fﬁ;l4 15, 16 18, and 21 day regenerate 1rases wer*"tested-




S U S

'bThe 1rlses were 1n§ubated\for l day 1n culture medlum con—_ o

. talnlng hS mg/plate colch1c1ne or O 02 mg/plate v1nblas-

ltlne.' They were then\lncubated for 4 days znznvo, cells £

'were obtalned and the effect of neuramlnldase on thelr

"?E P. M was Studled.: The data were: analyzed for 51gn1f1_,lfs_

. Ly
-cance w1th a’ palred t test., B

\
\ g

53



L. Lrght Mlcroscopy Observatlons

. RESU.LTS o

1o

In order to determlne the effect of experlmental

>ﬂprocedure and drug treatment on the cultured 1rlses a d{

.Mserles of crlterla were' establlshed 1n order to evaluate

}the subsequent progress 1n development of the 1rlses. All;-
;hhlstolog1Cal sectlons of the cultured regenerates were ;7‘g?-hz;'
i-graded accordlng to the follow;ng crlterla.; (a) ratlo of'h
i'plgmented to deplgmented cells 1n the area maklng up the |
*‘f{regenerate,‘(b) degree of dlfferentlatlon of prlmary lens 3li;'“x
'fiflbers., Prlmary flbers were d1v1ded 1nto three subclasses'hfd'ftv
d?% I. beglnnings of cell elongatlon w1th nuclear and cytoplas-l~"hf°
;ug"mlc basophllla Stlll apparent II increased cell elonga—'ia’l

”frtense cytoplasmlc ac1dophllra 1ncreased lens flber elonga~fi“

1';:;fr7t10n and onset of nuclear degeneratlon these flbers w1ll

rp‘;presence of secondary lens flbers.: Secondary lens flber

i By e

Wﬁaf?eventually be located 1n the central core of the mature ”ﬁ"ﬁ?titff

lens., Durlng deplgmentatlon and early stages of lens

flber formathH the Cytoplaan of the cells becomes baso—%;ﬁ““fhyy

«

phllla due to 1ncreased productlon of ribosomes, as lens

F;f“[protelns are synthe51zed 1n the cytoplasm the baSOPhllla

fj;gradually decreases and 1s replaced by 301d°Phllla (c)

Bk

/

Tiw;cells appear between the deplgmented cuboidal cells of the?fﬂ;f?"




k1

‘"regenerate and the elongatlng prymary lens f1ber cells as\
'the prlmary flber cells begln to form the central core of
the lens.p Accordlng to these observatlons an estlmate of
the stage.of‘regeneratlon waS'made. The staglng system
proposed by Yamada was used in these studles. From the
relatlonshlp between the average time after lentectomy and

the 1nc1dence of certain regeneratlon stages at that tlme

2 ¥,

- durlng normal regeneratlon" 1t was p0551ble to estlmate'

the apparent age 1n tlme of the regenerate accordlng to

\

_the degree of regeneratlon 1t had attalned, 1 e. ‘a Stage V L

'- R ¢

‘regenerate would ‘occur between l2 15 days after lentec-ﬁh

.

'tomy, or an average of 13 D days.- In order to determlne

: L 7
1f any retardatlon occurred due to experlmental condl-

l;
R

’ tlons or drug treatment, the apparent.age (1n days post-

'ﬁlentectomy) of each sectloned regenerate was estlmated.,' 8

\J

.Thls was compared to the actual age of the regenerate and

_was used as ‘an 1ndex of the extent of retardatlon..tff 't';}ft“

A, Retardation Due to ExpiNmeptal . .
R Condltlons -, Intrthlc Retardatlon -;ch;,j .&51‘.‘
l" " e . X Tl DU

- The methods chosen for treatment of the 1rls w1th

'33certa1n drugs were used because one cah place the regener-aﬁF"-“*ﬁ“

";’ate 1n a medlum Wlth a known drug concentratlon, and be—,uv-yp‘

;cause secondary drug effects on the experlmental %nlmals S

-x./‘ )

n':'are mlnlmlzed.u They also enable the anestlgator to ma1n-~5"

]taln'u1vzw9conditlons for most of the duratlon of thefiriVﬁﬂ

'ijl”whlch may 1n turn 1nfluence thé system under 1nvest1gation,gg. .
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fexperiment. 'However, they do‘havéfa drawback the'iris is
subject to certaln damage durlng mlcrosurgery, therefore

1t is- 1mportant to establlsh the. extent of retardatlon that
is 1ntroduced into the system by mechanlcal manlpulatlon
and control culture conditions. Table 1l 1s a summary of. |
data’ collected from various age 1rlses that were surglcally
.removed cultured for 24 hours znzntro under céntrol cul-i
ture condltlons and subsequently 1mplanted into host eyesl
hfor 15 days. Table II summarlzes the calculdtlons re-b
qulred to obtaln the 1ntr1ns1c retardatlon experlenced by
‘the dlfferent age 1rlses.~ Flgure 3 plots the data obtalned
/from Table 2 As can be seen in Flgure 3 there is an 1n-
tr1n51c retardatlon 1ntroduced by experlmental manlpula-:
tion whlch 1ncreases llnearly as“the postlentectomy age .A‘;fn

'of the treated 1rlses 1ﬁcreases . g: "tu"«vn j_:j

%

K2

B. Effects of. COlCthlne on Lens Regeneratlon oot

-j l:‘ Dose Response
| ThlS serles of experlments was performed on 15 day

_fregenerates 1n order to flnd a dose of colch1c1ne Whlch

7Tjhwould 1nh1b1t elongatlon w1thout belng lethal ‘to the cefls.:‘Vf

| "}seen that all of the doses of colchlclne that were tested

”';Irlses at 15 days postlentectomy were used because at thlS
”%,age cells start to elongate and dlfferentlate 1nto prlmary

0

| ‘»ylens flbers., The results obtalned from these exéerlments

J R
_are presented 1n Table III.. From these data xt can bengf

. ot ’ : T . BN



~ Table T B
. : _ o S . i%, ‘ o
Data Describing a Series of Control Irises

A

Irlses were-cultured for 24 hourskln L 15 medium
(50% V/V) and 1mplanted into the eye of a host lentectom-
1zed newt for’ lS days |
X - Age refers to the number of days postlentectomy
xx = Usually more than 50% of the treated irises were
A unsatlsfactory for study due to 1mproper 1mplanta—?f
J*' tlon in the eye, 1nfectlon, loss durlng sectlon-ip\
lng or mechanlcal damage to. the regenerate. Thls
“.-.column represents the number of 1rlses tested, .
. the number- that were used to. make observatlons cana
:be seen in the other columns.
“3xx j‘Ratlo of deplgmentatlon 1s calculated for the area B
maklng up the regenerate | | |
+ - 0 25% deplgmented cells/plgmented cells

++ - 25- 50% deplgmented cells/pigmented cells -

++f‘r 50 70&>dep1gmented cells/plgmented cells
;++++'4 75 100% deplgmented cells/plgmented cells

*lkxxx.- Prlmary lens flber cells were d1v1ded 1nto three

c ¢

- subclasses.-.'

0I~f begannlngs of cell elongatlon w1th nuclear and o
' cytoplasmic baSOphllla Stlll apparent. L

S II’vlncreased cell élongatﬁon and beglnnlngs of
'a'“‘.cytoplasmlc a01doph111a ’ - e o

"IIIflncreased lens flber elongatlon, onset of nuc-'
- lear degeneratlon, usually these fibers will-

';,lens.".;- o .”=-;.,; _ ‘/, c

N

‘be- present.;n the central coré -of the mature’.-i



Table I

Data Describing a Series of Control Irises
: - ' * Primary Lens. Secondary
. No. Ratio of . XXX Fiber Cells  Lens Fiber . L
~ Age” Tested®® Depigmentation I _II  III _ Cells Stage. ‘

weo T g T - IV

w | v.x' »_ | — v ol
o » SR S N R R
T R SR

o
Qs
@

G




S _ ' Primary Lens - Secondary
No. ~ ~ Ratio of . Fiber Cells | Lens Fiber

Age™ Tested - Depigmentation®™X* - I II III Cells Stage
Age” Depigment: | g
100 20 - R x L XX S VIID.
n . - .‘x X . ’ 1 o VII .
mo o x x0T v
" Coxox T VI

AL

-y

v x ox x o x 0 IX

o ’ ‘{ X~;' xf’ o i t;"'.A 1VIII‘~

1520 0 #  x ox. 0w

o xx x T x o

0wt

A" x0T x  IX L

S x x o x0T X



Summary of CalculatJons for Intr1n51c
Retardatlon of Control Irlses

ESY

actual age was calculated by addlng the number of v

. days postlentectomy plus l day for znzntro culture

| served stages w1th stages that occur durlng normal,h"'

XXX -

'plus 15 days znznvo culture.

1The average apparent age 1n thls column 1s not

Ce

‘The apparent age was estlmated by matchlng the ob—r'h

_regeneratlon The norﬁal regeneratlon stages have_
a sequence of appearance at specifled t1me intere“b

wvals.< These tlmes were used as the apparent age R

for the stages reached under experlmental condl-‘p

tlons. o
'."'.‘1-

' *necessarlly the numerlcal average of the range ofy;fs

ffapparent ages.- It 1s calculated for the group off:'

';f 1rlses tested, i. e. for O days postlenteytomy

-there were 2 stages V1Y s, 1 stage V and 1 stage '

‘f;fIV 1rlses, therefore 1nstead of the average appar—.f.'

"‘{ent age belng 13 it was 14 because the 2 stage

VI's welghed the average.

ClOXXXX ~

;";the apparent age from the actual age.: o

Intr1n51c Retardatlon was obtalned by subtractlng
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. F‘igure 3

Graph of the Intr1n51q Retardatlon Experlenced
-« by Varlous Age Regenerates . _ :
T~ Y

The data anq calculatlons from Tables I and III
were used to - construct thlS graph There appears to be.:
- a. llnear relatlenshlp between 1ntr1n51c retardatlon and ‘
M",the age, postlentectomy of the 1rls that 1s studled j Theufr
1more advanced the age of the regenerate postlentectomy,v‘
the greater the 1ntr1nslc retardatlon.:ffff' SR
| Each p01nt on the graph represente an;average'};

'"flgureicalculated from seven or more 1rlses

o
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'

SN

B g' retarded regeneratlon.a Colch1c1ne at 2 5 X 10 6 M re-;:j"

',tarded regeneratlon but 1t allowed cellular elongatlon andflfjf

¥lens flber formatlon to occur as ev1denced by the fact

3ffsthat stages VI-VII, characterlzed by the presence of eloneﬂﬁsef

. gated prlmary lens flbers, were attalned.‘ However, elon-”'”

} gation was 1nh1b1tedaﬁ:colch1c1ne concentratlons of 2 5 xfﬁf_{f

5

’".10 M to 1. 25 x 10 3;&“ ’At these concentratlons the reefdf‘”“

. : . /
1’generate only developed up to stage V Thls stage is

",:Qcharacterlzed by an 1nternal and external layer of deplg_;jf;,y

'flfmented cells that exhlblt no elongatlon. None of the

"ﬂﬁlyffwhloh would effectlvely lnhlblt Cell el°ngati°n'

v

L {hdoses seemed to be 1ethal to the,cells of the regeneratéﬁig'éﬂi
:;1fl51nce on éQStologlcal examlnation all of the cells ap-fs” S

. ‘:ff}peared healthy There Was no morphological evidence of S

h;cytoplasmlo or nuclear damage. Moreover if regenerates f*5"=u:

”f,were cultured for longer tlme J.ntervals m vwo they re- e
”h5fffcovered and were able to reach later stages of regenera-f}f“**"

| i7ff;tlon (see Sectlon 2) For subseQuent work a dose of 2. 5f§?;57”

ifix 10 M was selected 51nce thls was the lowest dose

',.5

“on- hlstologlcal examinatlon the controflregener-s 5




. v"fr‘"

.52 Most Effectlve'w1vzmoIncubatlon Tlme l"”h'”

(fffﬁ also an increase in the number"og secoﬁdary 1bers andagqx;

--.gvﬁ_‘ L

o .-55'_ R

‘

B some organlzatlon 1nto 1nternal and external layers was

ev1dent but no’ 31gns of flber elongatlon were present..

See Flgure 4 for an 1llustratlon of control and colchlc— L

ine treated lrlses. ,}’~¥;~:z

These experlments were done 1n an attempt to flndnilf

an 1ncubat10n tlme whlch would most show the effects of T#;;-\ji“

colch1c1ne. Results Of these experlments are summarlzedf~7'
1n Table IV and #1gure 5 Ten 1rlseskner.exper1ment were{j@uf;lf
tested, and about 5 out of the 10 1rlses could be used Ll
for the observatlons.; From these results 1t can be ob-'t[fw:
served that 15 days of u1znvo incubatlon was the time 1n-?fftirg
terval at whlch colch1c1ne treatment produced the greatest

extent of retardation.j Incubatlon perlods of 5 and 10

daYS already Showed 1nh1bitlon of cell elongation, how-"ﬁ’*

'“r ever dlfferencesxbetween controls and experrmentals weref

Y 3

B not as pronounced.‘ ThlS suggestsithat 1t may ta%gfdrug

treated and control 1rlses severaf days to recoveﬁffrom ?ﬂgfff”ff
the oberatronal technlques before experrmental dxffer-7m~ﬁ*d
ences become evident.. As illustrated in Figure 6 incuba-;\i' ‘

tlon tlmes 1onger than fifteen days for control 1rises‘575f*~*ﬁrf

result 1n an increase in sxze of the regenerdte and in~'E

crease 1n the number of primary lensi

the size qf the central cq‘Ff-lsimllar'to wh‘t occurs:zn




-

'1[ flbers are present t x 125

Flgure re

‘lecrographs of 15 day Regenerate Irlses Treated
' with Colchicine or Control Medium. for 1° Day
{nzntro and then Incubated 15 Days znznvo

.

A Stage x control 1rls. Prlmary (P) and secondary (S)

jArStage7X:oontroi-irfs. Prlmary (P) and secondary (S)
;flbers are present'. X 125 | .’- d_ \ .‘

TA Stage VI colch1c1ne treated 1r1s; The beglnnlngs of
‘Uelongatlon are present ln a few cells._ (The elongatlnq
{cells are lndlcated by an arrow ) x 125 - '
'tA Stage v colchlcine treated lris. Thls regenerate 1s
ﬁl:*ﬁ:a mass of deplgmented cells.: The deplgmented cells are dﬁ?

}drfindlcated by arrows. x 125 ;;;;;;ga,j;j;qj%~“
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Figure's_

Graph of Cdljchigine Retardatlon Versus SR
in U Incubatlon Tlme I

Thas graph shows that an in atlon tlme of 15 ;

_days in vivo - produced the greatest retardatlon of colchlclne
, treated 15 day regenerates. After laydays 1ncubatlon {}
4';rlses showed some elongat;on and appeared to be devel- S

E ‘8p1ng more rapldly .-. S

Each p01nt on the graph reqﬁeeehts‘andayeragé:..,
S N

vjretardatlon tlme for 5 irises . - .. L g

.. ».4 a
) s
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Figure 6 L

MlCIOQldp)o of 15 Dav Poctlontectowy Regeneratco
Jncubatcd for 1 Day in witro. and Varying
Tlmes TH vzvo ' ' :

.’A}— N Stage-V1II cOntxol'iris inCubaﬁcd'for~10 des
O xas e o o
B —;Stagehx regéneréfc;whiéblwa$,inbpbafcd qu:lﬁAdays ;t
| o ,x.125 : o
- séqg-e vX.'co_ﬁtlj‘o_l ~:‘ifis-i‘ﬁcubzi_‘ft:éa:_for "20',§.day‘s'_‘_

- X 125

iThe pOblthn of the corneca of the host eye 1n whlch the? a

rcgenorateq wgrc 1ncubatcd 1n is 1ndlcated by an arrow.:







2 :fggres51ve lncrease 1n 1nh1b1t10n., Careful observation of

aztu Flgure 7 1llustrates that colch1c1ne treated regen-l_

erates are able to overcome the lnhlbltlon of elongation.

‘Up to 15 days'u1vzv01ncubatlon most of the regenerates

: were halted at Stage v, whereas after more than 15 days

din culture they are able to attaln 1ater stages of re—-ﬂl

generatlon.

3. Most-Sensitiye'Stage'

Prellmlnary experlments on dose response and zn

vzvo 1ncubatlon tlme used 15 days regenerate lrlses 51nceV

thlS was the most probable tlme at whlch the onset‘

'.Aelongatlon was occurrlng.. Thls set of experlments at-~

tempted to flnd out whether colch1c1ne affected other xfgg

:stages of regeneratlon. Results from these experlments f

"'f'are summarized 1n Table V and are shown ln the form of

74

_ rgraphs 1n Flgures 8 and 9 ; It can be seen from Flgure 9 fu-JT*

B whlch plots the actual retardation of the 1mplant due to';J.f

acolchlclne treatment that a 15 day regenerate is most

?-»sen51t1ve to colch1c1ne treatment, or at least 1t demon-_:7

vf,strates the most retardatlon relatlve to the controls. -'

- As seen 1n Table V 1r1ses treated at 0 and 2 daysdb‘;

i

.l

ff ‘postlente?tomy show no observable 1nh1h1tion due to cdf
3ﬁpost1entectomy) are treated there appears to be a prOr

"".}'"the data shows that all of the regenerates treated with

colchlcine from 5 15 days (prlor to the onset of _f@lf"i¢f~ P

B '.x

"yfchlclne treatment | As later stage regenerates (5-15 days?f?d



' Mlcrographs of: 15 Day Regenerate Irlses Incubated

daYS tnznvo a No prlmary lens flbers are observable.@ L

",They are 1nd1cated by P x\125
--A Stage Ix colch1c1ne tteate
‘*T'treated 1rls observed - prlma

SR \
'ﬁare_present.» They are 1ndlqate

"“_tiﬁely;‘ x 125

,\'. ‘

3 R S
B o
N

e X

%igure ACHEERTE

4

for 1 Day anntro and Varylng Times znznvo

’}.-Control--a control iri { 1ncubated for 15 days annvo.,'
'dNotlce the prlmary andisecondary lens flbers 1nd1cated d-”e

vay p and 'S respectlvely.A x 200

”A Stage v colch;cmne treated 1rls 1ncubated for 15

'dA Stage VI colch1c1ne treated 1rés lncubated for 20

*.rdays znznvo. Prlmary lens flbers have started to form f;d‘“

irls 1ncubated for 25

;“:w'days znznvo Thls was the m, t advanqed colchiclne_?“'

’i and secondary fibers

by P and S reeFec-l?]"

’ e

P R,
IR/ R
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B ol

.Graph of the Retardatlon Experlenced by leferent
Aged Regenerates Due to Colchicine. Treatment
: and/or Experlmental cOndltions

-Q:f”A Each polnt on the graph represents an average

Zf‘retardatlon tlme for at least 5 1r15es . These

RN
A

‘7,F, p01nts were plotted from the data presented 1n

o columns Rl and ‘R2 in Table v o B

i







” Figure 9 | Co e

Graph of the Retardatlon of the Irls Due Solely
' to Colchicine Treatment versus the ‘Age . e
i of the Treated Regenerate ln Days a’fﬂﬁ? L
Ll .' ._'fafw. “f ' A ifﬁ.l :fhf“i' S
'f?hhfff_bgwf-?f The arrows 1nd1cate the times at whlch peaks ofhft_{fg

"f;ﬂm1t051s appear (accordllg to Yamada and Roesel 1971)-j_] _tﬂﬁ“

l'ntt can be seen that th ee is more relatlve retardatlonf*flfJFG

"f“*at the tlmes when the mltotlc peaks occur hOWever,vQ e

ih‘;ﬁ;;f.;:ln a 7 day regenerate ; Thls suggests that some

' _'.--‘process other than mltosj_s 15 belng affected ﬁ







S8l

.elongatlon) are halted at Stage V or Vi = stages at thev'
onset of Cellular elongatlon. Irlses treated at 20. days ;h
"J;-postlentectomy, an age at whlch cellular elongatlon has f"
:already occurred, show a delay in development however,ftf
.'tﬁ%y were able to attaln Stages VII-VIII whlch are - char-‘
’{acterlzed by the presence of elongated flber cells .ulfc/‘

'Ttherefore appears that once cellular elongatlon has

“”uoccurred At 1s not reversed by coloh1c1ne treatment >~1n;"

'7uF1gure 4 1t can be seen that whlle extensxve cellular

?Thtrol treated regenerates 1n 7 day regenerates.. The con-v[;,;fj

ffatreated regenerates are for the most part masses qf de~f:rfl;fl

ffon fo day ”egenerates.l The control regenerate shows e

.}elongatlng prlmary flber cells whereas the colchxcrne-jf

dﬁfelongatlon and prlmary lens flber formatlon has occurrede.ll

[
-3

7f1n the control cultured 15 day regenerates, colchmcrne

5‘}treated regenerates at thlS stage show llttle, 1f any,;,fwf

v

- 82

,n:cell elongat‘fn.: Flve day regenerates are shown 1n Fig-rgjﬁ'

ure lO | The onset of cellular elongatlon is ev1dent in. fiy

?.=the control, whereas none 1s apparent 1n the colch1c1ne
W:treated regenerate.v Flgures ll and 12 1llustrate the

, S S e
:‘greater dlfferences apparent between colch1c1ne and con- R

ifdence of secondary flber formatlon._ The colch1c1ne

3f“cellular elongatron has taken place.» Figure 13 1llu—=ﬁklf

7“fl5'strates the effeots of colch1c1ne and control treatment7;‘°

"'“trols show well organlzed lentolds -:some even show ev1-5£f~x““

”'iplgment d cells although Flgure lZc, shows that some ;5jfh1.:f
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’Figure-io_y

Mlcrographs of 5 Day Regenerates Incubated for
Flfteen Days in vivo after 1. Day Incuba- “ _
tlon znzntro.jw' Do o S

" gAfQ A-Stage.VI éOntrel*freated iris}: The arrow lndlcates

a reglon beglnnlng to show elongatlon.‘ x,;ZS

s P T
- /'-‘ L

B - A Stage V colch1c1ne treated 1rls. There does not
appear to be any elongatlon anywhere ln thls lehtoxd.'“

. N

RN
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Figure 11

Mlcrographs of 7 Day Regenerate Irises Incubated
- for 1 Day, znzntroand "5 Days in vivo

. \
A Stage VII control .iris which shows primary lens'fib4b

ers, - X 125 ¢

. - . ,
A Stage VII control iris. x 125 i
: _ v -

Stage \Y% COlCthlne treated regenerates. Both of these.

regenerates appear as organlzed masses of deplgmented

cells, however neither show.any elongatlon.; X 125

o

- uty



Sy




e . N
: : Figure 12
3 o ' R <
Mlcrographs of 7 Day Regenerate Irlses Incubated
for 1 Day in‘vitro and 15 Days in vivo

4

A _
A & B - Control irises whlch have attalned Stage VII

Notice onset of elongatlon in the inner wall of
N

the regene:atlon. X 125

C-a Stage VI colch1c1ne treated iris. A few of

the cells show the beglnnlngs of elongatlon

!
’

(arrow) - x 125



S

Figure 13 
Micrographs df.lo'Day Regénerate Iri5§é Incubated

- for 1 Day in vitro and 15 Days in vivo

A - A Stage VIIQcohtrol i;is'showing.primary’lens(fibérs. 

' !1(arrow)' x 125

’ S

"B - A Stage;v colchicine’treated_régéhera£e . There:appear l"'

to be two. patches of dépigmentéd éé115~in thié-tegénfi g

erate - indicated by arrows. X125

o

C - A'Stage.V colchicine treated'regenegéte;‘_This;régén,t_~

erate has assuméd anfabnofmai'shape,“'1t.is pqmposeq_f

‘ Ofiaomas§fof dépigmentedi¢elis}, 2ul2§Ag f _g






',Qreasey:and.Markxw 1965)_that-oolchlcrne'qan ;nh;brt nuc-

»
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treated regeneratés appear as masses of deplgmented

'i"_

-cells w1thout any. apparent elOngatlon..

n -

.4, Effects of Colchicine on ‘the Incorporatlon

, of JH- Urldlne, SH- Thymldlne and JH- Leucrne

It has been reported (Hell and Cox 1963, and

»

‘leotide incorporation; theréfore} a series‘of exPeriments'

/

‘were done in order to determlne if - colch1c1ne was cau51ng

. an 1nh1bat10n of 3H urldlne and: 3H thymldlne 1ncorpora—

tion in the drug treated regenerates under my experlmen-

tal condltlons.ﬂ

":;(af Incorporatlon of 3H Urldlne-

On hlstologlcal examlnatlon of sectlons of con-f*

trol and colchlclne treated regenerates there dld not ap-'--

pear to be any dlfference 1n 3H urldlne 1ncorporatlon.{r -

Graln counts made over areas of 51m11ar s1ze are presented,

'/1n-Table VI.; There does not aﬁpear to be any dlfference

'kporatlon by'colch1c1ne.”pf:

. in the number of counts per unlt area when COlCthlne and EE

A}

,7control regenerates are compared., Thls 1nd1cates that

"there is ‘no apprecrable 1nh1b1t10n of 3H-urldlne anor~'j””‘



e '?'y"TabléfVI S S

if3f Incorporatlon of H Urldlne 1nto a'»'
R ' 15 Day Regenerate

3H-Uridine Incorporation’ -
Counts per Implant '

Control S Colchicine ‘

._;‘4()‘». « N ,‘ .,'TSO ; .
45 T 350

b)_ Incorporatlon of 3H-’I‘hymldlne

Sectlons of 51mllar area were also - used for count-
'ulng ln the experlment.; Slnce under ‘the condltlons employed
in these experiments there was a heavy 1ncorporat;on of -
3H thymldlne 1nto the regenerate nuclel resﬁQtlng in(too
;many gralns to be accurately counted the total number of
nuclel 1n representatlve SeCtlonS was' counted and then the
'.;number of labelled nuclel Was counted., The results are~7
"summarlzed 1n Table VII | R | -

v .

Tasi;;. Vit
Incorporatlon of 3H Thymldine 1nto a-

o 15 Day Regenerate, S

3H Thymldlne Incorporatlon

"’;Number of labelled nucleL/Total number of nuclelf-r‘

Control fn,fhfff“?ff‘ Colch1c1ne . 5
s/3ot,,;jy ﬁ;ag;'?’”ﬁf' 12/40

1_4/20;f*l'”“



The data 1ndscate that there is a 51m11ar ratlo of
cells in DNA synthesis in control and colch1c1ne treated

regenerates,

v

»

<

-c) Incorporatlon of 3H Leu01ne

- Yamada and Takata (1963) have shown that durlng

the course of lens regeneratlon there lS a sharp 1ncrease

-

in proteln synthesrs occurrlng at about 15 days postlent-

A

ectomy. Thls has been assumed to COrrespond to the onset
. dof lens crystallln synthe51s in elongatlng flber cells.
In order to 1nvestlgate whether colch1c1ne 1nh1b1ts the L

fonset of thlS 1ncrease in proteln synthesrs studles of
:3H leucrne 1ncorporatlon were done.: Slnce 1ncreased pro—.
o teln synthe51s occurs flrsthn51locallzed number of cells
: 4

| w1th1n the regenerate, 1t would be dlfflcult to get an"”
, _

accurate estlmate of proteln synthesrs by randomly select—-

_1ng an area and maklng graln counts. Therefore graln
efcounts were made by selectlng three cells that seemed to
; %have a relatlvely large number of gralns,.these were’ e
_rcounted and called x.‘ Slmllarly three cells w1th a small
'fnumber'of gralns werebcounted and called Y The sum of
li“f A:x + Y was compared for the varlous tests on control and
| 'colch1c1ne treated 1rlses.. These results are summarlzed
'v:aln Table VIII and Flgure 14 Thls method of counting was

"?used SO that the localazatlon of hlgh counts in a’ few

cells of the regenerate would be immedlately apparent by}

93

| Comparlng X +Y for each experlment.. A comparlson of the 3;?ﬂf;-



e

Bl

Table VIII -
- ~'..\' 3
R Incorporatlon of "

-Leucine 1nto 10 and 15 Day
Regenerates Incu

ted for Varylng Perlods
of - Tlme in vwo '

N

*X - the sum of counts for three cells which showed heavy
~ labelling. . .

P
'.

S ‘ R .>j.f TR
-:ﬂ‘f':”'ﬂ—’ﬂ' . . .- L : . ) -

*Y - the sum of counts for three cells whlch showed |
| llght labelllng

T
»
o

The arrows 1ndlcate where there were 1nstances

/

b3

of heavy labelllng in a few cells of the regenerate and

very llttle 1abe111ng 1n the rest of the regenerate ;:

’

I

o O
°
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.’ 'T'gb%_ﬁm.'

' Incorporatlon of 3H Leuc1ne into 10 and 15 Day
_ Regenerate Irises Incubéted for Varylng
Perlods of Time <n vivo. :

10 day regenerate

, Days . - Cco Q-N T S , R
Incubated - Control ‘ - Colchicine- _
in vivo’ X* + Y** /) poral X+ XY - Total

'10,} a7+ 38 L85 R 12°+11 é3”’
ko +[4°he‘ef° % | o

| ’:1423+ 3;/ 1Y |
s 37+ 31 68 '~l E 31‘4}28;f’} 59
: o ' .42 f/32'-‘ .,:74 ; A ., 40,+'3% -_ v€-f73'
i.4g/¢,4oe e  63_+.38 A'T4f'i¢l“ 

' ISJdéz'regeéerete -“I.‘e - fy~ S E -
5. a4 +33 71 olo+9 L 19

,‘ » 150+ 22 g ‘ .
.fﬂ;ia  L :A;f.49h} 41\g‘~:{f9@fi¢;b-;‘29;;12r,x ;~;;:47 - ‘
xff{_ R 42];_39{j;',j;g¢;gel§i; 2§;+v§3'fffffe[57;ei g
;~e/i; ?_;le:ﬂiee;51~+-45 :}f' 55575 -5’fffiea,vgé*]{]uf“fv*-:
 Ki  L;BJ’ ;‘;li{séi*;?éj'f?efiégfT:Eiif*iag%yﬁiy?ffejleéégfE
L meas et wsess el s
1 ;;,4§”+f39.i;_f .és T;* s 8

o R



Figure 14

A Graph of Total Counts of 3H Leucxne Incorporatlon
- 'versus total Age of the Regenerate -

Y 2
L

*Counts referuto total of x + Y ‘as
referred to 1n Table VIII: '
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h ~at 21 days, = a* retardatlon of 6-12 days wh'ch agrees

98

'totals shows that infreases in protein synthesis occurred

at about 21 days post—lentectomy. By 25 days, all the
elongating cells of the lent01d show a sharp increase in
proteln synthe51s. A similar pattern_was not observed

in the cells of colchicine treated regenerates. Although
the latter showed an increase in proteln synthes1s, the
1ncrease_was ‘not as great as that observed in the con— .
trols. |
| Takata et al (1964) have shown with fluorescent e
1 antlbodles that crystallln synthe31s appears flrst in a

few cells of Stage v (9 -15 days) regenerates and then

spreads out and occurs 1n all of the elongatlng cells of

the regenerate. Slnce my experlmental system hag‘anxln— -
tr1n51c retardatlon of 8 days (for a 10 day control re-

generate 1rls),and llrdays (for a'lS-day'control'regener—
’ T

- ate 1rls) the results on the control support the flndlngs
of Takata&t al (1964). for normal regeneratlon. In thean
. studles of . these 1nvestlgators the onset of crystallln
synthesis occurs at 9-15 days postl ntectomy. In the in:
'vzvo culture system stpdled here this onset o'curs

|
w1th my- calculated 1ntr1n51c retardatlon for thfs system.-

.

Colch1c1ne does not- seem to completely 1nh1b1t

synthesis at any tlme,

*
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. .
5. Effects of Colchicine on the Synthesrs
of Lens Specific Proteln

' ;5/1/

(a) -Spec1f1c1ty of the-Antlserum

Reactlon of the antlserum w1th an extract of newt
1ens ‘after 1mmunoelectrophore51s revealed three bands (see
Pigure 15). These three bands correspond to bands for a, B'
and y crystallins The. most anodic band represents gamma
crystalllns and the most cathodic represents alpha crys— g
ta{llns. B ta crystalllns correspond to the 1ntermed1atev
band (Clayton 1970). Therefore thls serum contains anti-
bodies against all of the maln crystalllns. Newt'llver
tissue, reacted w1th antlserum and stained subsequently

w1th fluorescein conjugated anti- rabblt 1mmunoglobu11n A T

NN showed no detectable Gl\géescence.

.
~. A

(b) Reaction of the Antlserum with Control
and Colchicine Treated Irises :

In order‘to'determlnenwhether inhibltion‘of elon—,
-gation in theicells ofuthe'regenerate was acCOmpanied'by |
1nh1b1tlon of lens spec1f1c protelns, fluorescent antlbody
2 studles were performed on 15 day regenerates cultured l
day znzntro in the presence or absence of colch1c1ne and
15 days znzn,voQ Flgure 16 shows ‘the results obtalned
when regenerates treated with. absorbed antl lens serum
' were stalned w1th fluoresceln conjugated antl-rabblt |
‘1nmunoglobulln. Control 1rlses fluoresced very brlghtly.n
: Fluorescence was present in- all of the lensgflber cells,

some fluorescence was present in the lens e 1the1um1f7*"

. .
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Figure 16

Micrographs of Fluorescein Treated 15 Day Régenerates
Incubated for 1 Day in vitroand 15 days in vivo '
and Observed under Ultra-violet Light

.'a - A cOntrol_t;eatéd régenerate tréated»with'fluorescein

isothiocyanate. Note the fluorescence present in all
areas of the lentoid, _Fluorescence is less in_ihe'

lens epithelium (arrow). x 125- ,
: v

"

b - An enlargement of (a). Note the reduced fluoresc;née

in the lensfépifhelium. X400 °

c - A colChiCihe’treatedfregenexatel"NQte'the-abséncel: :

of.anyvflﬁoré9cenCe in.thé‘lehtoid,,:X'lzsiv

d # An eﬁlargementfof (c). _# 409 j
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ERE T 1nh1b1tlon of elongatlon Lﬂ”t’f’
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-

although 1t was not as. brlght as . that 1n the flber cells.
‘No fluorescence was present 1n other tlssues of . the eye.-
~Colchlclne treated 1rlses showed almost no fluorescence.
‘ One Oor two tiny spots of fluorescence were present 1n a.

few of the 1nternal cells of one of the lent01ds. F1Ve ".'n
1rlses were examlned for both cont"‘l and colchlclne -

‘treated regenerates - a lentord was p sent in 4 of the 5

vcontrols and 3 of the 5 colch1c1ne treated regenerates.;i,”
Tests w1th serum from an unlnjected rabblt showed

. no fluorescence in cont¥01 lens regenerates. .

o

c) Effects Due to Lumlcolch1c1ne.

'&A Llnskens and Wulf (1953) and W1lson and Frledkln
(1967) have shown that lum1colch1c1ne a derlvatlve of

colch1c1ne, has xu) mltotlc actl 1ty nor does 1t blnd to

'extracts of the mltOth splndle as does colch1c1ne.[ Oth— - ;,
ers (Berlln 1973) have shown that whlle lumlcolchlclne':_}f
rhmay not haveantlmltotlcpropertles 1t does exhlbrt other ;e'
tjpropertles of colch1c1ne not presumably aSSOClated w1th |

_mlcrotubular functlon, i. e. 1nh1b1tlon of nucleotlde up-xff

Sy

'take.. Therefore experlments were performed with lumlcol- fﬂJ"' |
h1c1ne to determlné 1f thlS compound had any effects on ST

: cell elongatlon under my experlmental conditlons.."'h

. o

It was found that lumlcolch1c1ne treated regener—' |

f ates appeared 31m11ar to the controls - there was no
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D. 'Effects Due to Vinblastine o -

(a) Dose Response

Flrst series of experlments were run w1th 15 day
regenerates in order to determlne an effective dose of:

'V1nblast1ne whlch would lnhlblt elongatlon but not be :

»

o lethal to the cells. The results of these experlments

"Amany had pyknotlc nuclel and the organlzatlon of the re—

.hfand 4 4 X 10

are presented 1n Table IX Vlnblastlne sulphate proved

7

- to have very damaglng effects Cells were very 1rregular,

[

hf.generaté-was-dlsturbed "Wlth control‘and COlCthlne ex- f
perlments 50% of the. samples developed a dlscernlble re-
‘generate, w1th v1nblast1ne only 10 20% of the samples had 3

f'{a regenerate ‘that could be staged Wlth a dosage of 4. 4

-8

"Qx”lO ‘M one of thestwo observable regenerates appeared

to have some elongatlon although the regenerate was very

'_ small The other regenerate was stopped at Stage IV. _11”'

’051ng hlgher concentratlons of v1nblast1ne (4 4 X 10 6

7M) there was no elongatlon and very few de-

. plgmented cells were present.;. | o S |

i Due to 1ts damaglng effects few other experlments ﬂg:
:iwere performed w1th v1nblast1ne for the few that were a.

7

’:dose of - 4 4 X. 10 M was used to 1nsure 1nh1b1t10n of ~vijh*f-”

'elongatlon Flgure 17 1llustrates a few v1nblast1ne

’~ff5treated regenerates. 'f.'r
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A,ab/;

a - A;Stage.IX control treated iris. x 125,"

2 Figure,. 17

Micrographs of Controi and Vinblastine Treated
Regenerates Incubated for 1. Day anntro ‘
~ -and 15 Days 1,n vwo ' :

3 b - A very early stage v1nblast1ne treated regenerate.

Very llttle deplgmentatlon has taken place (arrow)

© X 125

c - A v1nblast1ne treated 1rls. The regenerate (arrow)

is very dlffuse and 1t 1s questlonable whether or'”'

‘not any elongatlon has taken place.~ x 250

R :






;-(b) Most Sen51t1ve Stage

-

108

» *These experlments were . attempted in order to deter-A

[mlne whether v1n91ast1ne was 1nh1b1tory to the same stages
of regeneratlon as colch1c1ne. As can be seen . from the.

Adata in Table X the effects of the drug were SO drastlc

«

: that an estlmate of the most senSLtlve stage could not be _‘

made.' However the 6 day regenerate that-was observed

showed 1nh1b1tlon of deplgmentatlon and elongatlon.-1¥y

E. EffeCts~Dutho:CytOChalasinjBﬁf
SRR 2 S TOCT =

'w(a)NjMost'SenSitiVe Stage

These experlments were undertaken to see 1f cyto- _%

>~gchala51n B had any effect on cell elongat10n.~ Colchxcxne

el

'presumably affects the mlcrotubule system and cytochala51n.;'

_,B supposedly affects mlcrofllaments Therefore 1t was 1m—-d

‘vfportant to’ flnd out 1f elther system or both are 1nvolvedr.e?“3

in elongatlon.- Results presented in Table XI 1nd1cate f‘:,

‘rthat cyt%cha1a51n B has no’ observable 1nh1b1tory effect

v'ff on any stage of regeneratlon. Slmllarly, DMSO has no ob-r

.'?;servable anhlbltory effect. Flgures 18 and 19 compare tTffw

':cytochala51n B DMSO, colch1b1ne and conmrol effects for

';'10 and 15 day regenerates. As can be seen 1n Flgure 18 fap 3

f‘controJ cytocha1a51n B,and DMSO treated 1rlses all show

"elongaflon,:organlzed 1ent01d formatlon and srmllar stages,:*

”“of regeneratlon._ Cytochalasxn B treated regenerates dld

tifnot dlffer 51gn1f1cantly from the controls.; ﬂ”
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Figure 18

~ -

Mlcrographs of °15 day Regéﬁérate Irises Treated for
-1 Day znzntro and 15 Days in vivo :

A - Stage~IX DMSO treated iris. x 125
. B - Stage IX cytochalasin B irises. 'x 125

C - Stage VIII cytochalasin B treated iris. x 125

’

All of these regenerates demonstrate cell elonga—~1"

”;tlon and advanced stages of regeneratlon.,

] A-a'
N -0
- . . . .
o S S
- ‘ . - \k -
. ' o »
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Figure 19

Mlcrographs of 10 Day. Regenerate Irlses Incubated
for 1. Day znzntro -and 15 Days in vivo

- A"Stage VII CYtbchalastIB~treated iris. x 125

-

A Stage‘Ix'cytochalasin Bntrggted‘iris;'”x 125

- A Stage VIII control iris, x 125
- A colchicine tﬁééted iris - Stage V - no elongafipn»

‘appears to'be pregenf. A lentoid from' the hdst'(arrow)f_

* shows elongatioﬁ. x 125
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2. Electron Microscopy

~Rather than do a'detailed electron’microScope

‘115

o study of the dlfferent stages of regeneratlon, I concenr

trated on-15 day regener$tes, the most colchlclne
sen31t1ve stage I conflned my study to two types of
cells,'cells 1nvolved in the process of deplgmentatlon
tand deplgmented cells 1nvolved in elongatlon._ The . |
former also appear to be elongatlng because they are

sloughlng off cytoplasm at~both ends_of thencell. N

‘A. Controls
; Deplgmented cells of 15 day regenerates were
assoc1ated rather loosely 1n the lentold There were

reglons where the cells comevclose to one another,;how-"

RN
'ever,there seemed to be a scarc1ty of cell Junctlons

’A few desmosomes were observed between some cells. The‘

o 'cells appeared to have many exten31ons or processes S

whlch 1ntertw1ned.t

The cytoplasm of - these cells was rlch in m1to~

'g_chondrla rlbbsomes, and proflles of rough endoplasmlc'f_,[;?

S

_'retlculum.. Mlcrotubules and microfllaments!were also G

‘ul . 1

yappafent in. most of the cells.= Mlcrotubules Were for

the most part parax1al to elongatlon' however,-some were

s observed runnlng perpendlcular to the axls of elongatlon.pyfi

1There seemed to be three general areas that the mlcrotu-‘%flj

3

f:“bules were found in:.



' were a few structures that looked llke remnants of

i cytoplasm, See Flgures 23 and 24

116

(a) in arrays just below the cell membrane (re4
ferred to\asbsub—surface'microtubuleS), (b) falrly
close to the nuclear, membrane (referred to as perl-

nuclear mlcrotubules), and (c) 1n the 1ntermed1ate

. .

.‘cytoplasm (referred to as 1ntermed1ate mlcrotubules)

It was dlfflcult to ascertain any orlentatlon for the-ﬁ

mlcrofllaments. See Flgures 20 21, and,22,t_-

B. IColchicineA

The organlzatlon and over all appearance of the

cells was the—same as for the control treated cells.-’y e

: The cells were. loosely assocrated and had many exten—

‘.51ons. Colchlclne treated cells were flxed 1mmed1ately

" after treatment and in SOme cases 3 days after treat—'

"ment There dld noI appear to be any dlfferences 1n

ultrastructure between regenerates flxed at these

'tlmes after treatment - There wére no mlcrotubules:'pf‘

apparent 1n any areas of the cytoplasm although there y

3m1crotubules. Mlcrofllaments were Stlll v151b1e 1n the

C Cytochalas1n B

. -,»‘},,'

Cells were 51m11ar to the ccntrols 1n over—all

:"appearance and organlzatlon . The cytOplasm of the cells fﬂjf

f'contalned mlcrotubules 1n the same three areas as the :flnf:i

B 4

controls.' There dld not appear to be any mlcroflla-vﬁ-%.;n_,~

o

'_ments present See Flgure 25 %u~;-;3f‘;yif°?":h;M;:,;;_yf



Figure'ZO.
o \ R

Electronmlcrographs of a sectlon of Control Treated

15 Day Regenerate Irlsesf'

? A - A low magnlflcatlon view. of a sectlon from the lent01d

.

- region Of a 15 day regenerate ‘ Notlce the 1005e relat-'-Q
'1onsh1p-between the‘cells . Also note the extensxons

v151ble on some of the Gells ( arrows) k x 4,000rﬂ3

." ) ‘

‘B - An area of an’ Lrls eplthellal cell show1ng two of the ;:.:Nv* e

‘4ethree 1evels of microtubules = the subsurface array
hff- smt - and the 1ntermed1ate mlcrotubules Imt

X 40 000~gr1\*'"

R
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Flgure 21 v
Electronmlcrographs of Sectlons of Control Treated

- 15 Day Regenerate Irlses

;A- A Sthlon of a deplgmented cell from the 1ent01d - “f

- reglon .ASub surface mlcrotubules are v181ble 1n

longltudlnal and cross sectlon - smt Mlcrofllaments , 9_ IR

'are also vnstle just below the surface (F) Xj40,000
ﬂ;,B.* A sectlon of a: deplgmentlng cell from a 15 day

regenerate . Mlcrotubules —(Mt) are’ v181ble runnlngﬂs'
parallel to the long ax1s of the cell ., x 14 000
. C —‘An enlargement of (b) show;ng more detalls of the

”‘fffj mlcrotubules -(Mt) X 30 000






FlcureggZR

Electronmlcrographs of Sectlons of ontrol Treated
SR 15 Day RegeneratevIrlses o

A - A sectlon of .a cell from the lent01d reglon of a-

15 day regenerate Note the sub surface mlcrotubules |
- emt |, and the desm_osome:(- D). _.»‘x_ss,o‘o‘oq L IR
“-vé,é.' A:sectien efhaldeéiéméhted'eeliffrem;thehienteidtr
”f;reglon 111ustrat1ng the deepest layers of mlcrotubulesh
'“:yrunnlng parallel to the nucleus - perlnuclear mlcro—ﬁ‘e
| tubules:- nmt : TherS)are alsqycross sectlons of 'i;f.kfﬁ?f7

I wol

. f}mlcrotubules V1§uble in the intermedlate and sub-.-i;

".H’;;surface‘reg;ons, x 40 000
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'_Figuref23 -
_ : .

<

Electronmlcrographs of- Sectlons of 15 Day
Regenerate Irlses Treated for 24 Hours

Wlth Colch1c1ne "‘;»

i the absence of microtubules from o

;~e reglons of the cytoplasm g Also o

i Ce
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 Figure 24

Electronmlcrographs of Sectlons of 15 Day

*

Regenerate Irlses Treated for 24 Hours w1th _

Colch1c1ne

<.
A and B - Note the absence of mlcrotubules 1n the
varlous reglons of tht—&ytoplasm . In a few -

places there appear to be very short remnants

A9

of mlcrotubules (‘R ) Mlcrofllaments ( F ) are..

&

--present :ox 40 000 °
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" Figure 25.
Electtonmicrographs of Sections of. 15 Day
Regeherate Iriseé~Treated‘for‘24;Houfs
With 5 ug/ml Cytochalasin B
. \

A and B - There do not appear to be:any;microfilamehts

_present in these sections *'hbwever, ndte

that there are abundanﬁfm;crotubules 1n

) _‘longltudlnal and cross- sectaon . A pore.lnl'
the, nuclear membrane is v151ble_in B ¥>N§“;
| A-'x 7,000 , B-x 4o 000
\ ) , . A . & ) . '»






&

| D. Vinblastine .

"The purpose,of this experiment.was to determine‘if
typlcal m1crotubule crystals could be 1dent1f1ed in the
cytoplasm of regenerates after treatment w1th V1nblast1ne.
Vlnblastlne has been'used to. prec1p1tate mlcrotubule\ .

' proteln zn vztro -and in vtvo in several systems._ (Bensch
and‘Malawista.1968; Wilson,et_al l970;_and Bensch_'et aL

1 f1969>' S | |

-. In all of these systems 1t has been found that mlcro-'

tubule proteln forms characterlstlc crystals under the |

llnfluence of v1nblast1ne When 15 day regenerates treated S
_w1th VJ’lastlne were examlned under the electronmlcroscope "

many characterlstlc crystals were found 1n the cytoplasm of's’
both depigmented and deplgmentlng cells._ See Flgure 26.._5'7w

Treated egenerates flxed 3 days after v1nblast1ne treat—

ment ere also observed under the electronmlcroscope.,_In

these regenerates the crystalllne structure appeared
dlffuse around the perlphery and I 1nterpreted thls as ..

f ev1dence of the beginnlng of dlssolutlon of the crystals.'f

;’Adult'Newt-Lehs R
=== SRR
Adult lenses were very dlfflcult to sectlon, howeVer.-

I.was able to obtaln a few sectlons. No 1ntercellular

R space was ev1dent between the cells. Many 1nterd1g1ta-:;”'

.

| tlons were v151b1e 51m11ar to those descrlbed by Kuwabara
RN

(1968) ln human 1ens.. Mlcrotubules and m1crof11aments



:LFigure,26

Electronmlcrographs of Sectlons of 15 Day

Regenerate Irlses Treated ‘with Vlnblastlne

' For 24 Hours'f

A— A typlcal v1nblast1ne crystal 1n c}oss'sectlon

V) ds present .ox 65;000_Af";.w74

.

B - A v1nblast1ne crystal sectloned partlally in. anﬁ"

' obllque plane (OV) and 1n a 1onq1tud1nal plane

(LV) X 65, 000

N







T.Berlln 1972 Yahara and Edelman 1972 1975) The general ,ifj3f

a4

iz2

o

,were the only recognrzable organelles in’ the cytoplaSm

See. Flgure 27

-_’3,oeCe11-Electrophoresis7

Colch1c1ne has been shown to have an effect on*7"'

Cell surface medlated functlons, presumably also micro—f

h_tubule dependent Results from several 1nvestlgators'

‘1ndlcate that dlsruptlon of mlcrotubules w1th colch1c1negﬂ

‘or v1nblastine has an . effect on the dlstrlbutlon of

’scertaln spec1f1c srtes on the cell surface (Ukena and

Ajpurpose of these experlments was\to determlne whether

o colch1c1ne treatment affects the appearance of certaln

urcell surface groups 1n the regeneratlng 1rls.w It has been:.ﬁ;?ﬁ

v--shown by Zallk and Scott 11972) that durlng regeneratlon

’-varlous Surface components whrch are sen51t1ve to specxflc"

"”enzymes are present these groups dlsappear durlng dedlff—;,f‘”

e

: ‘wJerentlatlon and then reappear at the onset of redlfferen—’.FVf:'*

‘ptlatlon.z Neuramlnldase sen81t1ve groups that are present

".jrjln normai irls and early stage regenerates, totally
L“f-}dlsappear from the cell surface by ten days after lentec- R

‘f'tomy when dedlfferentlatlon 1s completed and then reappeargfaiﬁé

}'"‘at or after 15 days after 1entectomy.; It was of 1nterest

f,tlve groups Culture experlments already descrlhed have _ri;;a;

'h5:543to determlne whether colchlclne treatment would delay or '}-”:5

A

f‘alter the sequence of appearance of neuramrnldase sensl-ffzw s

o L



. Figure 27

‘.Electronmierdgraphs:of Séétiqdé.oﬁ_AdﬁlththﬁLené“

St
N

A'and’B ;.Both of these sectlens were takeﬁ from the‘

| "ttouter reglon of the central core of the lens;‘fiﬁe

':ez_Mlcrotubules (Mt) and mlcrofllaments (F) are
-;eipresent Interdlgltatlons (I) are very "ﬁf&fﬁ)7
:ﬁabundant between the cells Note that the -
Aﬁjmlcrotubules seem to run 1nto the membrane of tgitkt;

'Juttwo adjacent cells'.v A x 40 000 B x 20 000
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E:fsapPear in a 16 day (Plus one day zn uzvo 1ncubat10n)

».shown that colch1c1ne treatment of 15 day regenerate 1rlses

'1nh1b1ts or siows down elongatlon and subsequent redlffer-.j :

entlatlon It would be uJeful to see 1f colchlclne treat-';t"'

v

FVHment also slows down the apparent return to the dlfferen- N

(j'of neuramlnldase sen51t1ve groups._ The decrease ln the
: electrophoretlc moblllties of cells, 1nduced by neuram1n1d~l

:ase treatment, glves an 1nd1cat;on of the presence of .“]f

tgroups sensItlve to thls enzyme at the cell periphery.r.fgﬁf:*

"fA;a~Appearance~of‘NeuramlnldasewSenSitlvity:_ﬁ‘if;,ff'3
The flrst serles of experlments were done to conflrm

| g'the reappearance of neuramlnldase sensxtlve groups. _:n~,

”;faddltlon I wanted to determlne 1f these groups would

e v._q

;remaln 1n the cells after 24 hours 1n culture.. Table

“TXII and Flgure 28 show the results of these experlments.gfff':

o [It appears that the 'huramlnldase effect starts to re-tf'"'°.i

he?regenerate and that the response 1s deflnltely apparent
. S

lifhln 17 day (plus one day zn vtvo 1ncubat10n) regenerate

f.cultured for 24 hours.,"“VﬁfaTn.m

v

i 1?f;ff B Length of Incubatlon Perlod in the Eye

o f It was estlmated that a 14 or WS day regenerate
‘?lrls would be the best stage to test for COlCthlne

":fsen51t1v1ty of membrane marker appearance sxnce these are

"'_tlated Condlthn thCh 1s ev1denced by the re acqulsltlon',f”;



Table XII

,1”Agpearaﬁce.0f Neuraminidase'SensitiViéi_:‘
ok EPM Sallne - electrophoretlc moblllty expressed

1n p/sec/volt/cm of the cells from 1rlses 1ncubated
for 24”hours 1n control medlum : Dlssoc1ated cells

were 1ncubated w1th sallne followed by EPM determln—s:

at;on. ‘u:f'e';ikh' ﬁ%

"ff“ EPM Neuramlnldase'- electrophOretlc moblllty expres~i' L

y"?vsed ln p/sec/volt/cm. Irlses were 1ncubated for

24 hours 1n control medium and dlSSOClated cells were'

treated W1£g neuramlnrdase followed by EPM determln-f' *g

latlon.:ﬂ"

‘.’,_

~'d7jl*** Slgnnflcance was determlned by a paired T-Test‘.‘f“:

There was no 51gn1f1cant dlfference where_no flgure

”_,«appears in the table.- A value of Ol or 1ess was
el accepted as 1nd1cat1ng 51gn1ficance.-{ f*ﬂc:f” '

( The actual age of the regenerate 1s the age ”f;;ldﬁf"
appearlng 1n the column- Age of Regenerate / plus

l daysfor zn vzvo 1ncubat10n )

. fo
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Figure 28
"Graph of the leference gn EPM between Sallne
and Neuramlnldase Treated Cells versus the Age"'

of the Regenerate

iy
.{5

o The arrow 1nd1cates the usual dlfference 1n

fEPM that w1ll glve a 51gn1f1cant value when the-
. . !' N r\
.jtdata are analyzed W1th a palred T Test
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the ages when surface mark%rs are likely being produced.
As mentioned previously these groups-have app¥ared on the
surface by 16 17 days postlentectomy It was necessary

to 1ncubate the irises zﬁ vao to allow the groups tlme to

re- appear, therefore thls experlment was undertaken to’

find Out how long to 1ncubate the 1rlses in vivo.. The

results for this experlment are Summarlzed 1n Table XIII

It appears from these experiments: that colch1c1ne afﬁects

-

'the re-acquisition of neuramlnldase sens;tlve groups in.

l4~day‘regenerates’cultured for 4Idays inlvivo._’TWO days
seem too short an interval--the neuraminidase effect is s

not‘always deVeloped in regenerates at*thisrage (total

_age 17 - a 14 day regenerate plus 24 hourszn vztro 1ncu-

' bation plus 2 days-tn vzvo) - Six- and elght days are prob~

ably a. rather long lnterval to 1ncubate the 1rlS, 51nce it

is p0551ble that recovery from colchlclne 1s already

o5 d

,uoceurrlng and the neuramlnldase effect starts to’ appear at.

thejcell surface.-

-

C. “Sensitive'Period of[Begeneration ‘--y-

These experlments were undertaken in order to

PR

L ’
determlne lf there was’ a perlod“of regeneratlon durlng

v,whlch the re-appearance of cell markers (1n thlS case

neuramlnldase sen51t1ve groups) could beé: 1nh1b1ted by

'_colchlc;nebtreatment, Regenerates at 8 to 21 days after
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lentectomy were cultured for‘one“day in the presence -

or absence 'of colch1c1ne and then were subseguently
‘cultured zn vzvo for 4 days | Results (Table XIV) indi-
cate that the majorlty of cells from 14 and 15 day -
'_regenerates treated w1th colch1c1ne do not undergo a
| s1gn1f1cant decrease in moblllty after neuramlnldase
vtreatments whlle the moblllty of the controls 1s 31gnr;
Aflcantly decreased by thls enzyme.. Flgures 29 and 30
1llustrate representatlve hlstogramskfrom some of these
'experlments.' | |
Results obtalned w1th 8 and 10 day regenerates
were unexpected because ‘the total age of the 1rlses at -
the tlme of estlmatlon of electrophoretlc moblllty was {'
13- and 15 days respectlvely, ages at whlch the neura—'r
.mlnidase effect should not be present 1n controls, let
alone 1n‘colch1c1ne treated cells.. The 51gn1f1cance of;
"thls remalns to be 1nvestlgated | By 16 days control |
and colchlclne treated regenerate cells possess neuran-

-

~‘1n1dase sensltlve groups at thelr surfaces, therefore

r ~ o

Jthere 1s no 1nh1b1tlon and colch1c1ne can apparently '
5.not remove groups that have already appeared

.

, Only one experlment was performed us1ng v1nblast1ne

: 1n the 1ncubatlon medlum._ It appears that a fourteen day
,regenerate is- also subject to 1nh1b1t10n of the appearanoe

of neuramznldase sen51t1ve groups by v1nblast1ne.



'T:T-test 1n the control column

Table XIV..-Sensitivity of Various. Age
e Regenerates to the Inhlbltlon
7_,of theﬁAppearance of the" I

' Neuramlnldase Effect by

S

Colchicine. e

T Test - a palred T- test was performed

“to test for slgn;flcance.» Where a llne
7dappears there was no-51gn1f1cant dlffer-'
’5ence., A value of 01 or: lower 1nd1cated .
.Aslgnlflcance. Espec1ally w1th the r"‘ |

::colch1c1ne treated regenerates values of

-

'EPM s for neuramlnldase and- sallne treated

’cells appeared to be 51gn1flcant but the

;T -test 1nd1cated that there was no signlf-

'1cance. The arrow - 1ndlcates one such case._

In these cases the hlstograms appeared
.df81m11ar and dld nét show the spread ev1dent |
:flln Figure 29 | B S : |

V’h:Colchlclne 1nh1b1ted the neuramlnld%se
u,hdresponse 1f there 1s a non—31gn1f1cant ﬂPtest

. in- the colch1c1ne column and a. 51gn1f1cant

S

.'-

[N

( .’ ..r ‘ -
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. "Figure 29

s
3.

1 Hlstqgrams of Moblllty of Control Treated Irlsfnf_a"'\

Cells after Neuramlnadase or Sallne Treatment

el

~“Neuram1n1dase treatment tends to slow down cells ,;f‘t” o

".that have neuramlnldase sen51t1ve groups on thelr ﬁ];;,ﬁf‘

surfaqe- resultlng ln a hlstogram that is spread

_out .,

nEPM ’ electrophoretlc moblllty 1s calculated by

4.-‘d1v1d1ng a. constant for the machlne by the average

5't1me lt takes a cell to travel 45 u 1n an electricalfgg,f

;~eif1el% The average 1s taken for twenty readlngs

‘f;on a sample of cells
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Figure 30

. Hlstograms of moblllty of Colch1c1ne Treated
Irls Cells after Neuramlnldase or Sallne

Treatment

- In thls case colch1c1ne 1nh1b1ted the appearance
f'fof neuramlnldase sen31t1ve groups on the surface

;ftherefore the hlstogram for neuramlnldaSe treatmentie oL

‘fjrls not spread out

3
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DISCUSSION = .

A "Culture Conditiong

Irlses were removed from the‘eyesiof prev;ously
ilentectomlzed newts, were trlmmed and separated from the ”1
‘cornea and then cultured for 24 hours 1n medlum plus or hfﬂﬁw
'mlnus varlous drugs The 1rlses were then washed 1n fresh {3

}'simedlum and 1mplanted in freshly lentectomlzed host newts |
:for varylng tlme perlods.,.lhls method may seem llke a o

- rather complex way of treatlng.a tlssue Flth a drug,‘}pngspﬁf
bj:however,,lt has several advantages whlch I feel outwelgh

e 1ts dlsadvantages Flrst, 1t allOWS for a precise fi;' .
’fmeasure of the drug dlrectly affectlng the tlssue belng t}f%f

ﬁi;?studled Second, the drug only aéfects the tlssue belng L

'Thlstudled and can not 1nterfere w1th the metabollsm of

;'H*_fthe whole anlmal Thlrd . the exoosure time to

-'7ﬂ;;the drug can be controlled Fourth, tn vzvo COﬂdithnS L

vvitare malntalned for the most part of the experlment :Th¢f7f7i

'_iﬁdhmaln dlsadvantage\of thls method 1s that the 1ris 18

ﬁ*ffsubject to. some . degree ofnmchanlcal damage from manipu—f}lu

ﬁsfwlatlons.- Thls drawback can be overcome by est1mat1ng S

”ﬁ}how much retardatlon 1s experlenced by control treated

.1:}1rises and thauconsxderlng that the drug treated irlses

"l would have the same amount of retardatlon due to exper1~ o

dhfﬁfmental condltions as controls and that any furthert
T 0

hdtfpdretardatlon was due to drug treatment.l The retardation




‘experlenced by the controls was referred to\as 1ntr1n51c”

;retardatlon, and\as can be seen 1n the results, the i

}lolder the regeneratlng 1rls was when manlpulated,zthe .fﬁ

R‘greater the 1ntr1n51c retardatlon.f Thls is to be B |

}“e;pected because as the newly formlng regenerate develops o
V’L.

'1 5and forms a lentoid 1t 1s very fragile and 1s more sus— H

gceptlble to mechanlcal damage. Slnce both the drug treatedf
Z::and control 1rlses .were - handled ln the same manner, 1t'was
ITassumed that they w0uld experlence‘51m11ar levels ‘of |
retardatlon due to manlpulatlon.‘;rf5:7r-;i;:;}fef_.jfyﬂllrlu;*
The method used for determlnlng the.lntr1n51cn“v B

retardatlon and drug retardatlon was rather unlqué and
fperhaps warrants further dlscu551on. As prev1ously

:mentloned several 1nvestigators have studled normal"“
s sequences of regeneratlon 1n dlfferent speczes of newts.j'

'gThls study uses Yamada s characterlzatlons of Sato s

V;ff}stages.. Spec1f1c stages of regeneratlon have been shown f‘;ff"

x}to occur at varlous 1ntervals of time after lentectomy
ffThe stages can be 1dent1f1ed by certaln crlterla, such asiv
‘hidegree of deplgmentatlon, presence ‘or. absence of elonga-';"”
fitlon and lens flber cells, and the size and shape of the;ff;g

r“flentoid By observ1ng an 1rls that has been prepared

1'3for llght.mlcroscopy and examlnlng the above features 1tj7**‘"

| "?F;estlmate the tlme perlod at whlch thls stage occurs.,gli

<as p0551b1e to estlmate what stage of regeneration 1t haszﬁr*~”7

reached. Once the stage 1s known, it 1s pos31ble to




17 of the

Vlacted and how 1t arrested m1t0915.. Inoue (1952) by means

“ffj?”breaklng down ‘some’ chemlcal bond in or ln between

151

-Therefore, to calculate if 5&& retardatlon was experlenced

R

by my regenerates, the treated irises were cultured

in vzvo for varylng perlods of time and then prepared for -

llght mlcroscopy and staged ad‘ordlng to the crlterla for

”gnormally developlng regenerates.s The usual age of the
-'\observed stage was assessed and compared W1th the actual
{'age of the iris to see 1f any retardatlon had taken

place. All. treated 1rlses ‘were evaluated 1n thlS manner.'

B,w Colchicine

Colchlclne has been known to man as a drug |

ghw1th mlraculous powers for over 2 000 years. Anc1ent |
‘T;.Egyptlans, Greeks,‘and Hlndus used Colchtcum corms, seeds,‘.

-'and flowers for curlng gout and rheumatism. .Betweenl'. |
}.?:1938 -‘1942 a great deal of llterature was publlshed on
ivcolchlclne s ablllty to cause a "verltable exp1031on" of
'Acﬁgmltoses (Elgstl and Dustln 1955) Early workers on |

-;-mltosljmwere able to observe that the contlnuous flbers

ltOtlc apparatus were suppressed by colch1c1ne

'“,(Peters 1946) but no one seemed to know how colch1c1ne -}a?fﬁ*

f‘ @v

("»Lyfof a study of blrefrlngence 1n the splndle of leldlng

_;cells of Chaetopterus pergamentaceous v a marlne annelld L

hffgfworm, proposed that colch1c1ne llkely functloned by "*i"R

2

splndle mlcelles and slmultaneously causing some of the

remalnlng mlcelles to contract as\well as further




' ted that COlCthlne blnds to mlcrotubular sub—unats and

‘ﬁ; tlon Mlzel and wllson (1972) have shown that both col-”dsd

;ﬁtf}chlclne and lum1colch1c1ne (the 1atten a colch1c1ne

*7;of 1nh1b1t1ng the uptake of nucle051des 1n mammalian

Vaﬂcells.p Nevertheless, colch101ne 1s readlly accepted as

‘hiyassembly.rffffkﬁftf;?tﬁ;”‘J”t

S

breaklng down the llnkage between them. More receht\wqfh,

’,(Borlsy and Taylor l967a and b and Welsenberg,'et°al'1968)

~has shown that the blndlng 51te of colch1c1ne is 51tuated on-

a proteln Wthh has a sed;mentatlon constant of 6S. . Thls

'proteln is thought to be a mlcrotubular sub*unlt whlch 1°pd
s not only present in the m1tot1c apparatus but also ln the'

‘ cytoplasm of the cell 1n 1nterphase. It lS generally accep- o

that generally "slow morphogenetlc movements that 1nvolve,i

mlcrotubular polymerlzatlon tend to be colchlclne sen51t1ve.,-?

-i-T(Margulls 1973) Early workers thought colchlclne had many

"nen-spec1f1c 51de effects unrelated to mltotlc arrest such
. as »para1y51s of the central nervous system, vomltlng, and
';dlarrhea_, however, present knowledge has shown that

‘ ;although these effects are often not due to mltOth arrest,-«

- N
J

'_jthey are due to a spec1f1c reactlon of colch1c1ne w1th
'“wmlcrotubules.f Colch1c1ne lS, however, st111 thought to

‘-Vﬂhave some effects not assocmated w1th mlcrotubular func—,”

-;derlvatlve w1th no antl—mltotlc propertles), are caggble ;gf

l

"'tﬁfa spec1f1c lnhlbltor of functlons 1nvolv1ng mlcrotubular
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1. Dose Response
- ) v »/.'

oA

The effect;ve doses found. 1n these experlments,pZ.S

x 107° - 1. 25 x.10" 3 M, generally agreed with doses used

by other 1nvest1gators in the fleld (Platlgorsky 1972a,

f '7

Pearce and Zwann 1970 Karfunkel 1970) The-dose used

for the remalnder bf the experlments, 2. 5'x 10‘5 M~did
..s'}’
not show .any. apparent damaglng effects on the cells, 51nce

Vregenerates proceeded further in deplgmentatlon and were

able “to recover after approprlate tlme 1ntervals of in vivo

'
Lo 3

1ncubatlon."p< | -“j

2. In.Vivo ,Incubation Time

Colch1C1ne effects are 1mmed1ate1y ev1dent 1f

“ i the 15 day treated regenerates are. flxed and observed

'1w1th the electron microscope, no mlcrotubules are eV1-

’r"dent in the cytoplasm. If 1rlses are flxed and observed

B ment there are no apparent dlfferences between colchlcine

° 2

'_ under the llght mlcroscope lmmedlately after drug treat- p
v o

~

}and control treated irises. However, 1f the 1rlses are L
lmplanted in a lentectomlzed host and cultured zn vzvob
:,?1t is 90551ble to see that colch1c1ne has an effect on JC
."subsequent elongatlon.}_ o | .gf, :
| Experlments on the most effectlve zn vzvo 1ncubaw;ﬁiﬂ

.~t10n tlme 1nd1cate that 15 day lrtses xncubated for lSdaYS

' wshow the most retardatlon due to colchlclne.s Why? It 18

L



- R S

possibie'that'for shorter periods of incubationbthat the
iris is stillLrecovering from 1ntrinsic retardation'due

to. operatlonal and culture condltlons and colch1c1ne re-
tardatlon is not as apparent Slnce a 15 day regenerate
1ncubated for 5 days reaches stage V as does one 1ncubated
for 15 days,’it mlght be assumed that the cells are. blocked
for at least 10 days at stage V; the stage where elongatlon

is commenc1ng Colch1c1ne regenerates 1ncubated for 20

°
‘s

\days in vzvo begln to show eV1dence of ‘same cell elongatlon
- This argues agamnst 1rrever31b1e non-spec1f1c damage of
'thls system by the condltlons of drug treatment.‘ My experi—
ments suggest that there lS a process occurrlng in’.a.

stage v regenerate that colch1c1ne pre treatment can blOCk
for at least 10 days.‘ An in vivo- 1ncubat10n tlme of 15

~ days seemsﬁto allow the most dlfferences between control

'land COlCthlne treated regenerates to develop

-
“

3. Most SensitiVe Stage

,
.vQThere are several processes 1n§olved in WOlfflan

Alens regeneratlon that‘mlght be sen51t1ve to colch1CLne |

1nh1b1t10n- m1t051s, dep;gmentatlon- and elongatlon.

MltOSlS is unquestlonably sen51t1Ve to colch1c1ne, how-"

ever; is 1nterference w1th mltOSlS great enough to |

h account for the retardatlon observed in thls system?

Yamada and Roesel (1971) have shown that there are two

’peaks of m1tosxs durlng lens regeneratlon, one at 7 days |

~

b
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and one at 15 days pOstlentectomy If'inhibition of
m1t051s 1s respons1ble for most of the retardatlon
experlenced by regeneratlng 1rlses, then there should .

be 51m11ar retardation tlmes experlenced by 7 and 15

day regenerates treated with co_lch1c1ne.A As can be~

- seen in Figure 9, 15 day regenerates.experience more

retardation than'do 7 day regenerates; Since there is_

an increase in retardatlon after 6 days postlentectomy_-"5
it is possible that to q.cerbaln extent, some of this
retardatlon may in part be due to 1nh1b1t10n of m1t051s;

Plgment mlgratlon has been shown to involve mlcro?-

tubule 1ntegr1ty 1n other systems;. Fundulus (Blkle et aZ

jl966) and frog skin' (Malawista 1965 and 1971). fror'
*these systems it was suggested thatfmlcrotubules may
_deflne the channels and prov1de the motlve force for

plgment mlgratlon.f It is quite possible that plgment -

mlgratlon w1th subsequent deplgmentatlon, also 1nvolves

intact mlcrotubules in thls system. Deplgmentatlon

usually commences at day 6 postlentectomy and contlnuesv'

through to day 9 15 Regenerates treated durlng these"

.stages do not seem to show any 1nh1b1t10n of deplgment?i:
Hatlon 31nce a 1arge fnactlon of the cells maklng up the'
‘regenerate appear to be deplgmented ; Slnce there are f
;more deplgmented cells 1n a colch1c1ne treated 1mplant

after 15 days in- vzvo culture than there were at the

x



':timeaof treatment,.it)ban be asSumed‘that,.atlleast;f
- some'depigmentation’took place’after colchicine_treatment.
o Several workers have suggested that microtubules»
are 1nvolved in elongatlon (PlatlgOrsky ;t aZ 1972a b c, ,
..Burn51de 1971 and Arnold 1966) _ It is loglcal to con-

_ sider that mlcrotubules mlght be 1nvolved in cellular
‘ﬂzlongatlon durlng Wolffian lens regeneratlon also. 'The {-
deplgmented iris cells generally start to show 31gns of
‘elongatlon at or after_lS-days_postlentectomy. Therefore
it would beyexpectedthat»regeneratestreated with col-

- chicine at515 days postlentectomy-would be,retarded'if’
mlcrotubules are 1nvolved in cell elongatlon. Flgure 9
= not only shows retardatlon for treated 15 day regener—'
ates, 1t also 1nd1cates that there 1s more retardatlon,‘
for irlses treated at.lS‘dayS<than for any other age
treated.. Thls alone would seem to 1nd1cate that micro- .
tubules are. probably 1nvolved 1n 1mportant processes ."
" that occur at 15 days postlentectomy Observatlon of
} the 15 day treated 1rlses lndlcates that even after 15
fdays in vzvo culture the cells st111 show no elongatlon. :
~In addltlon to thls, 1rlses treated at earller stages I
| develop up to about a 15 day regenerate stage,arrested, “,:
:l_and are then w1thout any ev1dence of elongatlon. Thus B
-:glrlses treated w1th oglch1c1ne before or at the onset

;of elongatlon are unable to elongate and form lens flbers

;“even after 15 days of zn vzvo 1ncubat10n. Although;.‘;:, ].,



- 157

1rlses treated at 20 days postlentectomy Stlll ‘show
retardatlon, they show some ev1dence of lens f1ber o
formation.. At this stage some cells would have already
_,elongated whlle others 'would Stlll be underg01ng the
process of elongatlon. The presence of some elongated
‘cells in colchlclne treated 20 day regenerates 1nd1-"
cates that once elongatlon has taken place 1t can not be

¢

reversed by colchlclne.' These results agree w1th those

v

'reported by Pearce and'2wann (1970) in the embryonlc fu'
chicken lens whlch showed that colcemld can not reverse
velongatlon once it has occurred | .

There is- some degree of colch1c1ne 1nducedaretard-“'”‘
atlon‘experlenced 1n regenerates at 5 days postlentectomy
or after. Slnce there 1s a peak of mltOSlS at 7 days:
. much of the retardatlon of early stages may be due to mlto-.‘ o
fAth arrest. -However, the cells can not be retarded in . T
hlm1t051s for very long perlods of tlme s5nce 1n order to'z
reach stage vV a degree of m1t051s and deplgmentatlon.
'should occur. In summary these results 1ndlcate that-T
ﬂl) elongatlon 1s elther apprec1ably retarded or 1nh1b1ted |
'lby colch1c1ne treatment, 2) a 15 day postlentectomy o
regenerate is most sen51tlye to 6olch1c1ne treatment
v‘51nce 1t experlences the most retardatlon, and 5) it

4=appears that onCe elongatlon has taken place 1t can not

;_be reversed by colch1c1ne treatment..f'
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4. Autoradiography

- The autoradlographlc studles performed on 15

‘~_vday regenerates 1nd1cated that colch1c1ne treatment d1d

not cause an appre01able 1nh1b1t10n of 1ncorporat10n of
f-3H thymldane and. 3H-ur1d1ne. Inhlbltlon of nuc1e051de
-Aluptake is one,of the non—mltotlc actlons of colch1c1ne
}:_ln some systems (Mlzel agz wllson 1972)1. Therefore'.‘d'Li Ca
bcolch1c1ne effects on cell elongatlon were:not due to :

thls non-mltotlc effect . ; ‘f~::’ ‘»li,i" |
| In this system the dataon 3H?leucine incorporationi
1nto proteln are very 1nterest1ng because théy not only
u._glve an 1ndex of proteln synthe51s, but they also allowii
' one to roughly determlne when crystallln synthe51s.;s
"beglnnlngw Yamada and Takata (1963) have shown that the
ionset of crystallln synthe81s ;'c01n01des w1th a sharp
;“1ncrease 1n 1ncorporat10n of amlno a01d 1nto proteln,;. L
observable by autoradlography | A reasonable estlmate of i
*tﬂe onset of crystallln synthe51s 1n my system can be "f'vf
made by observ1ng the levels of 3H leuc1ne 1ncorporat10n -ﬂ“
,at varlous,tlmes postlentectomy Con51der1ng the data 4
.obtalned from control cultured regenerates 1t appears

o that 1ncreased proteln synthe51s occurs flrst 1n a few

o cells of the regenerate, thlS agrees w1th the data of

":Takata et aZ (1964) who used fluorescent antlbodles to

fdetect appearance of lens spec1flc prote1n.~ In my



at . a total age of 21 days post lentectomy Yamada and

¢

'system the 1ncrease 1n proteln synthe51s was flrst apparent'

oi

.Takata (1963) observed thls 1ncrease between @fls days" '
postlentectomy Therefore 1t appears that my system is

. shOW1ng a retardatlon of between 6 and ll days relatlve

to the secondary enhancement of. proteln synthe51s. These

'data are in agfeement w1th the calculated 1ntr1n51c

ﬂ retardatlon of 8 days for a. lO day regenerate and ll

)

"daYS for a’ 15 day regenerate The data obtalned one"
'colch1c1ne treated regenerates are qurte dlfferent,

,although there 1s an 1ncrease 1n proteln synthesrs 1t 1s'

‘a more gradual 1ncrea5e and 1t never reaches the magnl—'i"‘ ‘

'tude of the 1ncrease for the cantrols._ The onset of the L

",1ncrease for colch1c1ne treated regenerates ls j:f*q'ulf"

;further delayed 5 days when compared wrthmthe controls. f~5f*"
;T.ThlS delay 1s ccmparable to the 5 day delay calculated
~ﬂgﬂfor colch1c1ne treated regenerates u51ng the staglng

] ailmethod of comparlng actual age w1th apparent age

‘5’{5;; Immunofluorescence Studres

.“. ‘....

"7'h1Regenerates 15 days after lentectomy: were 1ncu-llytff

’f"bated 15 days 1n vzvo and then processed for fluorescent
1"ant1body stalnlng.: Co trols showed well formed lentoids '
J*dwhlch fluoresced very brlghtly in: all areas of the 1ent-"77

"'Jf;oid There was fluorescence ’p the lens eplthelium



.ates stalned w1th fluorescent’antlbodles showed

260
although 1t was less.lntense than that 1n the flber H'”{
‘cell mass.« The - 3H leuc1ne lncorporatlon data 1nd1-” :
';cate that there is’ a great lncrease 1n proteln B
synthe31sﬂoccurr1ng ThlS‘lS presumably assoc1ated
'AW1th the synthe51s of lens spec1f1c protelns._;The f
| brlght fluorescence of the’controls substantlates‘the -
’1dea that thls 1ncrease 1n proteln synthe51s is duet‘

to the aPPearance of\crystalllns,_the lens spe01f1c‘fﬁ»5

protelns. Examlnatldn of colch1c1ne treated regener—“
: CN

“vdlfferent results from the controls. Out of three'ai{;
lreqenerates studled,‘none showed any fluorescence

'acomparable to the controls. One had a few very small
*brlght reglons of fluorescence whlch were locallzed

.fln the 1nter10r of the deplgmented cell mass.ofihe,fajtiﬂ

j;other two showed no fluorescence.* 3H-leuc;ne 1ncor-;ﬁztﬁjf”“

'-yfporatlon 1n COlCthlne treated regenerates 1nd1cated

L that there was a delayed lncrease 1n protein synthesis VJ

'vdithat never reached the magnlﬁude oﬁ the control

f'lncrease.“ The 1ncrease in- 3H-leuczne 1ncorporat10n hadil{'viA
hfloccurred by the age of the regenerates tested for

vjflmmunofluorescence.. There are two 90551b111t1es as to *lufi“”

"qy]why thlS lncrease was not reflected 1n a productlon of tf_.?‘*

"'Qfa) the level of the lens spec1f1c protelns was not high

7s1ens speciflc protelns detectable by 1mmunofluorescence. e

\f_lenough to be detected by the fluorescent antlbody method,

P
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: Aalthough thlS method is usually very sensrtlve, b) 1t is’
' p0551ble that 3H-leuc1ne 1s 1ncorporated 1nto protelns
-whlch are non lens spe01f1c.7 Platlgorsky et aZ (1972u)
-w.have shown that de novo synthe51s of proteln p0531b1y

timlcrotubular proteln 1s requlred for contlnued elonga~

Ji_;tlon in cultured Chlck lens eplthellum. Accordlng to

‘these results, cells whlch are unable to elongate are
;'unable to synthes12e detectable levels of lens spec1f1c
rlprotelns' These results are 1n agreement W1th those of .f:

t}waann (1975) who used mutant mlce w1th lens defects.;;... |

fIn hlS system lens flber cells were unable to.undergo

elongatlon. He was able to show that 1n the absence

”of cell elongatlon the lens of these mutants W1ll not

h”-_f?produce any detectable leVels of lens spec1flc pro-:

kD

f:‘telns;j‘At the stage these regenerates were tested they

’Vwere Just beglnnlng to overcome the block 1n elongatlon
o U O R
iand 1t 1s p0551b1e that new m1crotubu1ar proteln had to ,l;;j
Zﬁbe synthe51zed S

6. -LumicOIChicine_4;7;tﬂﬁ"jf< ;j;',fgf'ﬁ~h;bfiizj'7;f5,§f1_ -

-“'ﬁ,:,_‘ 4'

. Sl e . ST
LumlCOlChlclne treated regenerates appeared

";1fas control treated regenerates——-there wa‘ppo 1nhib1-f:ff;ff7

‘h‘;tlon of cell elongatlon) Thls suggests that any effect

‘ J.that colch1c1ne 1s havrng 1s due to 1ts affect on

'Tmlcrotubules sxnce 1um1colch1c1ne mlmlcs COlCthlne

,1,except 1n 1ts antlmltotlc propertles..;,hffii7?f73?“5v*“”’f
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:‘C;hother Drug Treatments

.fhl§4 Vinblastine,'i
Vlnblastlne was " used to conflrm the results

FENY

'obtalned w1th colch1c1ne 51nce 1t is known to prec1p~-"
:1tate mlcrotubules 1nto chaﬁacterlstlc crystals._t v..
“jThe problem w1th vinblastlne is that thlS drug 1s‘not
Yras spe01f1c as colch1c1ne and 1t funct;ons dlfferently
t-It prec1p1tates mlcrotubular proteln 1nto crystal f/)ﬁ&hife
flagylces, whereas colch1c1ne does not prec1p1tate the fh el
H,mlcg§tubular proteln, 1t blnds w1th unbound monomer :
:lﬂ;tubulln sub- unlts maklng 1t 1mp0551ble for them to be
E 1:polymerlzed as a m1crotubule.~ Moreover, v1nblast1ne |
."has also been reported to precipltate other cytoplas-ylh?”;“'
'tdmlc structural protelns (Wllson et aZ 1970) and N
'ﬁffrlbosomes (Krlshan and Hsu 1971) As mentloned -
:v..characterlstlc mlcrotubular lattlces were observed '
hfidnnder the electron mlcrosc0pe ln cells of 15 day S
"m}lregenerates treated w1th v1nblast1ne., These resultslifb
:Qelndlcate that a s1zeab1e populatlon of mlcrotubulesjﬁ%
'Hils present 1n the cells of 15 day regenerates._ However;:hoﬁf
"cells after v1nb1ast1ne treatment de not appear }fthﬁfﬂ;ﬁjf:
':t;}healthy, therefOre experiments parallel to those w1th .\ ilﬁ'

o mCOlCthlﬂe gave 1nconclu31ve results.,




N controversy over thlS hypothe51zed mechanlsm of

'lfIt 1s pos51ble that mlcrofllaments are n5t rmportant
":1n the processes that occur durlng regeneratlon 1n

"h:fthls system, but 1t 1s also p0551ble that pr0cesses

'hgirole 1n development. Microfllament dlsruptlon may

hj 1nterfere w1th regeneratlon very;briefly and would“
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;2;r'Qytocha1aslan -

Cytochalasln B has been reported to act by 7

dlsruptlng the mlcrofllaments w1th1n the cytoplasm

of cells },aowever"there has been a great deal of

'h'actlon ’ Cohn et al (1972), Bluemlnk (1971), and |
G,EGoldman (1972) ‘have. all suggested that cytocha1a51n
f“;dB may act 1ndependently of a mlcrofllament system f’q
| ‘fijCohn et aZ (b972) and Bluemlnk (19?1) have both |
:d7ﬂsuggested that cytochala81n B 1s hav1ng 1ts prlmary
ﬁ*eeffect on the cell membrane Whether 1ts prlmagy or f;i}if;.h

‘"Tsecondary effect 1s on the m1crof11ament system I f;;tf‘j:Q

”"thlnk that most rnvestlgators would agree that mlcro- =
v;fllaments from the cytoplasm dlsappear a ter treatment
ff;w1th cytochala51n B. In the system under study

"”f.dcytochala51n\B had no observable effects on elongatlon

i

| ?for regeneratlon regardless of;the stage of regenerate.a [;;j>'

'?"flnvolv1ng mlcrofllaments have a mlnor or transmtory

s
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cytochala51n B: treatment has ceased therefore 1t is

"fposs1hle that the mlcrofllaments were: not dlsrupted long

_»enoUgh for an observable effect to appear.» Ortlz (unpub-f"i"

llshed results c1ted rn Dumont and Yamada 1972) worklng o,

" on the same system in v1tro found 1ndlcat10ns that cellu-'*g\\f*

llar morphogenesls lS suppressed by cytochala51n B

,D,;‘Electron MierosccggLV
Observatlons w1th the electrOn mlcroscope

1nd1cated that mlcrotubules are present 1n the cytoplasm 'a’h;if

{vof the regeneratlng 1rls cells. They are generally
' rorlented parallel to the ax1s of elongatlon. Colch1c1neit:"
'Atreatment resulted 1n the dlsappearance of mlcrotubules

from the cytoplasm.v Mlcrotubules were absent from the

_._ylcytoplasm for at least three days.ﬂ The absence of mlcro_hvyu,q

-tubules could have contrlbuted to the lnhlbltlon of
v'ffﬂelongatlon Cells Were very loosely aSSOCIated 1n early
~dstage lent01ds where lens flber cells were Just beglnnlng

L to. form.:'In-adult lens, the cells were Very close to-T{f;jfﬂf”

’7?;'gether and had many 1nterdlgltatlons. This observatlon

t 73ffgsuggests that the format;on of close attachments may‘be

"f,fjlmportant 1n elongatlon.;fiT%"

?»L?colchlcine blndlng proteln may be 1nvolved 1n the mobility

Foe s

':*fo{; E. Cell Electrophoresis»jaﬁf;?fff'”'“"i'

Recent work u31ng lymphocytes has suggested that

T e Ln‘a.'
Sl
N



»;yand dlstrlbutlon of lectln surface receptors on-the

‘cell membrane (Yahara and\Edelman 1975 de Petrls 1974 5
;Ollver et aZ 1974) Most of these workers suggest that '
e‘the colch1c1ne blndlng proteln lS mlcrotubular proteln.k
y'De Petris (1974) has suggested that both' mlcrofllaments'v
;and mlcrotubules may be 1nvolved in the 1nternal cellu-.i
-h~lar framework respon51ble for membrane movements |
'VWunderllch et aZ (1973) have 1nterpreted thelr results.

) .
on the effects of colch1c1ne on membranes of Tetrahymenw .

s erthPmts dlfferently from the 1nterpretatlons of the

";above workers. They suggest that 51nce colchlelne is a

llpOphlllC drug, 1t may dlssolve 1n the apolar membrane -

\'-nreglons and decrease the overall fluldlty of the mem- o

'bfytalso beL

7pbrane by maklng membrane llplds more Ilgld p They based
”nthelr 1nterpretatlons on work w1th temperature 1nduced
ichanges observed ;5 the freeze-fractured membranes ‘
Work by Zallk and Scott (1972) on regeneratlng
1rlses has shown that various surface components whlch
arelsenéitlve to spec1flc enzymes are present 1n the fb"b
| normal 1rls cell these groups dlsappear @n@ dedlffer-.f;"}-'},:'_."""
entiatlon and then reappear at the onset of redlfferenta-f;h

4'1ft10n The poss1b111ty arose, that these phenomena mlght:{xF

”ﬂbhlblted by colchlclne : Results usxng cell

- ;welectrophoreSLS on 1rlses cultured for 24 hourszn vttro

ulshowed that 1n my system neuramlnidase sensxt1v1ty has
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reappeared by 17 days postlentectomy._ I’found'that
,icolch1c1ne 1nh1b1ted the appearance of neuramlnldase
.sensitlve groups only in 14 and 15 day regenerates
cultured for 24 hourstn vztro and then for 4 days

tn vzva It ‘can be seen from the results on. 1ncubat10n

w'tlme 1n the eye that detectlon of thlS 1nh1b1tlon 1s

.very restrlcted in regards to the tlme of lncubatlon ‘f};j}

in vzva »It appears that colch1c1ne 1nh1b1t10n of the
ipappearance of the neuramlnldase sen51t1v1ty dlsappears
hlf the lrlS 1s left much longer than 4 daystn vzvo;T

‘&

‘.tlve process ﬁ 1n a 14 or 15 day regenerate that 1s

| respon51ble for the organlzatlon or p0331ble 1nsert10n

.3 days later of surface groups that are sen51t1ve to

\

neuramlnldase. As prev1ously mentloned 1nvest1gatorslj."*'7

?worklng w1th lymphocytes havé suggested that m1crotu-;
" bules: are p0551bly 1nvolved 1n membrane organlzatlon”ﬂ”rf"

thhe ev1dence in my system,'seems to 1nd1cate that a .:,7

'fcolch1c1ne sen51t1ve process, presumably 1nvolV1ng

¢um1crotubules - mav be 1nvolved ln the appearance of 'f:fﬂiq‘ﬁ‘lf

_,certaln groups at the cell surface_“ J{;tﬁ,

. . ,
. K. *

' iv_.F;f Mechanlsms of Lenq Flber Elongatlon rn the'hu'

Lens Regeneratlng System

There are several SUgGestlons as to the mechanlsms f’rff

/ 'd-rnvolved 1n changes 1n cell shape 1n dlfferentlatlng

Ly

*h It 1s probable that there 1s a colch1c1ne sen51~ s




. that cytochala31n B could 1nh1b1t elongatlon of cultured_

’ mlcrotubules and mlcrofllaments co-operate to cause,

‘elongatlon (Yamada et aZ 1971)

-uThey may also prOV1de a cytos eleton Wthh wouid be

'-p0531b11ri

“,:the cell.‘ ThlS mechanlsm would 11kely generate a fOrCGliﬁ?';

. ‘ln a manner 51m11ar to that proposed by Inoue and Sato “da;}:;

167

systems Most 1nvestlgators tend to agree w1th the

1 Suggestlons that both microtubules and mlcrofllaments
" are 1nvolved to varylng degrees in cell elongatlon..

'Platlgorsky (l972b) worklng with. cultured ch1ck eplthella,

found that 1n1t1al stages of lens flber elongatlon 1nvolve
‘y".
utlllzatlon of a pool of mlcrotubule sub unlts, contlnued
longatlon requlred de novo synthes1s of prote1n, ‘ o

/

p0551bly mlcrotubule proteln.' He also found howevep

o

”lens eplthellal cells. Other workers have suggested that,

o

_ ;g§;

o ¢

Some 1nvestlgators suggest that mlcrotubules are

o solely respon51ble for. elongatlon.; Burn51de (1911)

‘\worklng 1n neural tube format%pn inc the newt embryo

o

‘ suggested that mlcrotubules may contrlbute to cell elong— ‘-'-”

atlon by prov1d1ng for a transport mechanism whlch would

-

funnel cytoplasm components to the ends of the cell

'”1nvolved 1n the stablllzatlon of;'he asymmetrlcal cell

f-shape.y Two other p0551b111t1es were suggested {qﬁglg'r;.;d;‘f~

1s the extens1on of mlcrotubules by poly- 7;

'merlzatlon whlch would result in a. "push" ‘on: the end °fl53h%311

S m_g.'. RS
A
7.
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I am 1nterested in' the 1dea that - adhe31on may be respon— :

"sible for elongatlon In my system, the cells that are

o ” 168

(1967) . These invVestigators suggested that chromosome
movement is the result of the labile assoclation.of
mlcrotubules (depolymerlzatlon of mlcrotubules shortens

the spindle flber resultlng in chromosome movement

“toward the pole_of_the cell). The other poss1b111ty_’

1nvolves the - Slldlng of mlcrotubules over one another

Wthh would also generate a force on the poles of the

»cell Mlcrofllaments which are found in the system "

N

would supposedly be respon51ble for the aplcal constrlc—,_r_

i

tion of the 1nvag1nat1ng cells of the neural tube.
_ Some other mechanlsms have been prOposed to
t .

explaln cellular e10ngat10n Brown et al (1941)

suggested that neurulatlon and accompanylng cell elonga-

: Llon are a result of 1ncreased adhe81veness of cells of .

‘ . N .
theﬁpmesu@ptlve neural tlssue. More recently Zwann and

Hendrlx (1973) have’ suggested that cell and organ shape

changes durlng early development of the occular lens are

. @ result of; (a) tlssue 1nteractlon, (b) dlfferentlal cell
~d1v1S1on, and (c)‘cellular adhe51on;_ In my system there
'f 1s no llmltatlon of area so that cell d}VlSlon could

i

. force. cells to elongate because of llm?teq'space, however,;‘

-

-beglnnlng to- elongate appear to haVe many exten51ons

.FWthh 1nte tw1ne w1th other cells., The Cellsiare ;n'very -



loose contact with one another at this stage J-Elongated"

cells in the adult newt lens arg very closely apposed and

have many 1nterd1g1tatlons, therefore some mechanism has.

bﬁought these cells closer. together. It is p0551b1e that

“there is an 1ncrease in adhesion as cells elongate 1nto .

’

_flbers. This could result 'in contacts belng establlshed
between the cells at p01nts-—p0551bly Vla the exten51ons.
These locallzed contacts -would 1ncrease 1n area so that
the cell stretches out as 1t contacts cells parallel to

it. Cellular organelles such as mlcrotubules could

channel the celds to stretch 1n one dlrectlon and- thereby .

elongate

totUQleS on scn31t1v1ty to colch1c1ne 1nh1b1tlon of the
Aappearance of neuramlnldase sen51t1ve groups at the cell
'surface showed that 14 and 15 day regenerates were sen31~
tive to colch1c1ne.‘ Neuramlnldase sen51t1ve groups at
'the cell surface were the only ones tested for, and there

is ev1dence to SUggest that neuramlnldase sen51t1ve
o

groups are 1nvolved in cell adhe51on (Llqutand Cook 1974)

| It is qu1te p0551ble that other cell surface groups whlch

,may or may not be 1nvolved 1n adhe51on were also affected

» I

'169”

- Lackle (1974) has shown that colchlclne can 1nh1b1t aggre-ilf

'gatlon of polymorphonuclear leucocytes.x In my system

E”colch1c1ne could have 1nh1b1ted the appearance of surface

Sl

'igroups affectlng adhe51on or 1t could have affected other ,

. groups Wthh were already present at thé cell surface.f:.
. ‘i 4 . .

g :
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'Waddell et al (l§74)-havebsuggested“3 ways»in which
colch1c1ne COuld affect adhe51vene55° (a) Yy 1nfluenc1ng
'the state of convolutlon of the cell surfac[ (b)'by
dlsper51ng clusters of microtubule dependent adhesive
1 81tes ~and (c)-by causing a loss:of polarlty 1n the
'insertion of'new-membrane" Slnce ‘14 and lS day regener~
_ates are. sen31t1ve to colch1c1ne 1nh1b1tion of the
:,appcarance of neuramlnldase sen51t1ve groups on the
surface and since 15 day regenerates are-more sen31tlve
to colch1c1ne 1nh1b1t10n of elOngatlon, 1t is p0551ble
that new, surface groups essentlal to, or 1nvolved 1n cell
¢
'(elongatlon are appearlng or are belng ogganlzed at thls ‘
stage.. Electron mlcroscope studles have shown that there
“is a sub-surface array é; mlcrotubules and these may beib
~j1nvolved in the organlzatlon or 1nsert10n of speclallzed
-51tes at thé cell surface | Other mlcrotubules deeper 1n

the cytoplasm may contrlbute to elongatlon by some other

means,'such.as-v (a) formlng a cytoskeleton whlch would

‘-jsupport the change 1n cell shape- (b) dlrectlonally trans- B

. portlng materlals_; or (c) prov1d;ng a:- "push" at the ends :

ﬁof the cells. }'ff:"ff”oﬂfljf' ‘

Cytocha1a51n B had no notlceable effect in my
?systém,,so I have not lncluded mlcrofllaments 1n any of
"my theorles of elongatlon as applled to the lens regen-.~-"

!

heratlng system., However, these organelles are present
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A ‘ - ) s
- and may be ‘involved separately or in co-operation -

- with microtubules in brihgihg about cellfelongation_

. °

34k x’.
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_ 'SUMMARY. . -, ., /
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In summary, the maln p01nts made 1n thlS the51s
are as follows L

l.‘ Regenerates treated w1th colch1c1ne before

or at the onset of cell. elongatlon are 1nh1b1ted from

®

- beglnnlng or furtherlng cell elongatlon.‘fw

’.treated regenerates.'

~

.2. Ultrastructural observatlons showed that 1

"mlcrotubules are absent from cells of colch1c1ne

B K 4 :
\ ‘}

3; Lumlcolchlclne *a derlvatlve of.colch1c1ne .

s

w1th no’ antlmltotlc propertles, had no effect on

Cellular elongatlon'“5:.:f;.h»f'ljf}d&“

1-]4;_ The appearance of cell surface markers 7;;_

‘:,

;1nvolves a cqlch1c1ne sensrtlve process..57"

S Cells 1n whlch cellular elongatlon 1s

"m~1nh1b1ted seem unable to syntheslze lens sgpciflc

Ajfi protelns - the crystalllns.‘

e

These results suggest that mlcrotubulés may

?,have an 1mportant role 1n the elongatlon aﬁd dlfferent-'?'x

1at10n of lens flbers 1n the lens regeneratlng system.,

o R v :
Af. :. B 'v _/J .
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