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CELL RENEWAL IN THE GILL OF THE
FRESHWATER MUSSEL, MARGARITIFERA
MARGARITIFERA: AN AUTORADIOGRAPHIC
STUDY USING HIGH SPECIFIC ACTIVITY

RITIATED THYMIDINE

5 P TOMASOVEC”“ anwp M, C.MIX

‘Il)i.f,m-tmmi of General Science, Oregon State University,
Coreallis, Oregort 97331, 7.5.4.

g aRY
¢ activity tritiated thymidine (zor3 Cifmm and g6 Cijfmn) and autoradiographic

3§ ecifl . . . .
ufs were used 1O study cell renewal in the gill epithelinm of the freshwater mussel,

eaiferé margaritifera. . . . .
| renewal system in the gill epithelium of M. margaritifera appears to consist of a

on in the gill furrow and gill furrow edges which supplies, through division,
; ¢ matuting, dividing transient transitional population along the proximal gill ridge sides
o arn, supplies cells to 2 simple transient, differentiated, functional population on the
ol ridge sides and tip. Loss of cells from the cell renewal system appears to be through
catl and/for extrusion. from the gill ridge tip- No emigration or immigration of labelled
Lt of, or into, the gill epithelium was ohserved. The minimum transit time from the
(ransient population. to +he functional population in the gill ridge tip may be no more

e

e p()pulati

e
4 h. . . i . ,
se unable to detect any radiobiological ¢ffects or the presence of cytoplasmic labeiling

. ihe use of high specific activities. However, such possibilities cannot be eliminated from

ederation 10 further studies.

e we

LTRODUCT [ON
Rescarchers have recently become interested in normal cell kinetics and cell renewal
s in moliuses of commercial importance and in determining the effects of
sing radiations, various pathogens and environmental insults on normal cell
ics and cell renewal systems in these molluses. Autoradiography with tritiated
nidine *H-TdR} has been 2 valuable technique for such studies in plants and
smals (Cleaver, 19673 Feinendegen, 1967; Cameron & Thrasher, 1g71). Unfortu-
¢ly, there have been few successful attempts in using this technique to study cell
sewal in molluscs and practically no studies have been reported on bivalve molluscs.
Mix (1971, 1972) and Mix & Sparks (19714, b) have published a series of papers on
i histopathological effects of gamma—irradiation on various tissues of the Pacific
aer, Crassostrea gigas, and on tissue repair and cell renewal systems in the digestive

* Present Address: Department of Radislogy and Radiation Biology, Celorade State Uni-
sy, Fort Colling, Colorado 80521, U.S.A.
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562 5. P. Tomasovic and M. C. Mix
tubules, gonads, gut, and gills of this moilusc. However, unless cells can p, L,
and traced, little can be definitely stated about cell renewal Systems or the P‘Jra“
of the cell cycle.

Cheney (1969), working with several bivalves, obtained virtually ng ) bib,
in C. gigas or the bluc mussel, Mytibus edulis, aithough he subseque
*H-TdR (3-0 Cifmm and exposure times of 2-3 weeks) to stud
morphogenesis, and reactive responses of Manila clam {Tapes
cells. The reason for the Iabelling failure in €. gigas and M. edulis is ROt entirel,
’ since it is possible to observe mitoses in several tissues of these animals. CH”“L’\’.(W _

and Mix {1972} have speculated that C. gigas may have a relatively long perioq of “
synthesis and slow cell turnover times. Thus, since the time of availability (}f3H‘fE~=;§.;
is assumed to be short, the resulting labelling in Cheney’s studies may hyy, bee, %
low for detection with the exposure times and methods used.

Mix & Tomasovic (1973) have shown that in the freshwater mussel, "‘1"[(*”}2"13'!5{%
margaritifera, high specific activity *H-TdR {503 Cif/my and exposure titnes s
23 days) can be effectively used to obtain labelling in various cell £ypes. Howe,.
radiobiological effects and cytoplasmic labelling may interfere with stugie af Q
renewal that utilize high specific activity 3H-TdR, 4"

"The work reported here is 2 description of the cell renewal System in the g} -
thelium of M. margaritifera using high specific activity tritiated thymidine gng Aitee
radiographic teckniques, Tt also includes results of studies conducted to de
radiobiological effects could be observed or if there was cytoplasmic fabel
the use of high specific activity 3H-TdR.
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MATERIALS AND METHODS

Adult mussels of both sexes averaging 30 g in weight (wet weight without £
collected in the Willamette River near Corvallis, Oregon, USA. The animals were acclimapy,..
for 1 week in 27 X 20 X 10 ¢m plastic boxes containing aerated artificial stream water (Duodors
1956). To maintain refrigerated conditions and still avoid excessive radioactive contmninmz’c‘é
the boxes were placed in 183 X 36 X 15 cm fibreglass-lined wooden troughs containing Ci‘rCuhu}né
refrigerated water maintained at 12°5 £ o5 °C by a Westinghouse cooler,

High specific activity tritiated thymidine was obtained from New England Noclear (e
no. NE'T-027Z; 40-60 Cifmum) in sterile aqueous solution. Two lots were used in sepans,
experiments; the first had a specific activity of so-3 Ci/mm, the second 36 Cifmm, Both ks

were greater than 98 95 pure and both were used within 1 month after the last radiochemi »
purity check,

Thirty-nine mussels were each injected with 30 #Ci of *H-T'dR. One to four mussels wer,
serially sacrificed at 1, 2, 4, and ro hours, and 1, 2, 3, 4, 7, 17, 21, 28, 35,
injection; 6 control mussels received a sterile distilled water injection, 3ince it was desirable =
distribute the isotope through the mussel’s body quickly, those sacrificed within 4 b pog
injection (PT) were opened by scvering the adductor museles and mnjected in the pericards
sinus. Mussels to be sacrificed later than 4 h PI were less likely to survive until sacrifice »
were therefore injected in the biood sinuses of the visceral mass by inserting the need!
the shell gape.

Sacrificed mussels were fixed in cold {4 °C}, neutral butfered formalin, cut into o 5-cm thick
tissue blocks, passed through a standard dehydration series, embedded in Paraplast, s

e shell) wep

and 42 days 2t

¢ through

sectioned at 6 gm, Both fongitudinal and latitudinal cross-sections were taken from the bed:
arcas of interest. The slides were coated with Iford K-5 gel emulsion in a darkroom, allowed &
drain dry, and stored in light-tight slide boxes at 4 °C until test slides showed that suffcies
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o had elapsed. All the slides were then developed according to Gude (1968) and

CCHS ca R .
<k] " . N A N k
" be | M tt?:] Harris’ haematoxylin and eosin or Gomori’s trichrome.

3

Al o
NS or {he

Pirapg,, @é N 1o check for cytoplasmic labelling, some slides, known from previous studies to have
ey Mﬁkr]]ing were treated with deoxyribonuciease {DNase) solution or Tiis buffer (Luna,
ily ne cel] labes, Wi&elg—-zo h at 37 °C prior to emulsion coating and then stained with methyl green-

i ! y after development.
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nals, Chc““\‘—(u;f wggradiographs of gill epithelium from mussels serially sacrificed from 1 to 48 h

ONg period of E.)’:'W " ed: 00 labelling occurred prior to 4 h Pl (it seems likely that labelling had

tlability ¢ 3“-'}; g § edbyrand2h PI, but that numbers of labelled nuclei remained low enough to

* May have heey, :g e Jetection in the sections taken at these times); by 4 h PI, labelled epithelial
s ol appeared in gill furrow and gill furrow edges (Fig. 1}; by 10 h PI, labelled

- _ahelial celf nuclei began to appear one third to one half the distance up the gill ridge

ussel, ‘%'[ﬂl',[”(lnfz,fgm: itheli ! |
e  es DY 24 h P1, labelled epithelial cell nuclei were present from the gill furrow to the

CXPOSUTE tinyey o
ell types. Houwep,

: . Wevey
e o > Table 1. Results of slide reading of autovadiographs of

the gill epithelium of M. margaritifera

tem in the gijy et
wymidine and gy,
ted to determip, if

No, of labelled nuclei per slides read/approx. no of
grains per nucleus
A

; No. of P
nic labening duse 15 slides read Gili furrow Gill ridge sides Gall ridge tip
3 None/NA¥ None/NA None/NA
3 None/NA None/NA None/NA.
5 114/15-25 gf/15—25 None/NA
3 26/bo—70 15/50-60 None/NA
thout the shell} wepy 6 140/50-60 398/40-50 119/2§-40
als were i;(]:;hmalf.ma\;ﬁ 6 Zol1o-20 124/25-35 48/10~15
am water (Duadogng 3 15/5-10 42/8—10 6/5—10
wCtive contamination, 3 63/10-15 108/10-15 23/5-10
OBERINING Circu]anng 3 None/NA None/NA None/NA
i 3 4/5—10 3/5-10 None/NA
1gland Nuclear tegr 3 2/5-10 None/NA None/NA
ere used in separam 3 3/5-10 None/NA None/NA
56 CI/mM._ Both foes 3 8/10~15 None/NA None/NA
¢ last radiochemicst ) 12/3-10 None/NA None/NA

to four mussels wese * NA-not applicable.

5, and 42 days afee
ce it was desirable
:ed within 4 h poss.
ed in the pericardid
7e until sacrifice grad
g the needle through

g ridge tip (Fig. 2); by 48 h PI there was a decrease in the number of labelled cells
id grains per nucleus from the gill furrow to the gill ridge tip. The proportions of
wds in each area remained similar and there appeared to be a decrease in the number
# grains over labelled nuclei from the gill furrow and gill ridge sides to the gill ridge
s Numbers of labelled cells remained high from the gill furrow to the gill ridge tip
#rough 4 days PI; by 7 days, there was a decline in observed {abelled epithelial cell
auclel, particularly along the gill ridge sides and gill ridge tip; through 45 days PI, it
wsstill possible to detect some labelled nuclei in the gill furrow (Table ). No evidence
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of emigration or immigration of labelled cell nuclei out of, or into, the Bill epig
was observed.

No clear radiobiological effects {e.g. growth delay, chromosoma
killing) were observed in any of the slides read.

Staining of control (Tris buffer) and digested (DNase) slides with Mmethy]
pyronin Y revealed that the DNase had removed DNA from the digested slides
hundred and twenty-six labelled gill epithelial cell nuclei, with 1025 graing gg,
nucleus, were observed in 3 Tris buffer-treated sections from 3 mussels SACrificed
4 to 48 h PI. No fabel above background was observed in 3 DNase-treateg y
(taken from positions in the sectioning ribbon adjacent to control sections)
same mussels.

! aberratgm%

from

DISCUSSION

The gills of M. margaritifera consist of 4 demibranchs (folds) of tissue SUspe
from the visceral mass. Bach demibranch appears V-shaped, with desce
lamella and an opposite ascending lamella. In a lateral view, each lamella of 4 4
branch appears as a sheet of parallel alternating ridges and furrows that
vertically from the proximal to the distal demibranch. In a latitudina] CrOSS-spgy
the gill furrow epithelium varies with the location of the plane of the sectiop
commonly, the epithelium consists of one to two layers of simple cuboidal cells, 5
epithelium on the gill ridge sides is transitional in appearance. The proximal
may be simple cuboidal, or simple columnar epithelium. As the distal portion of
gill ridge side is approached, there is an apparent transition to a stmple columig
ciliated epithelium. The gill ridge tip is a simple columnar ciliated epithelium o
an extrusion region. Glandular cells (probably mucoid) are interspersed throy
the epithelium,

The gills are covered with morphologicaily specialized cells that are turned
(e.g. cell death, extrusion) as a result of normal function. The presence of labefig
nuclei in the gill epithelium is associated with cell renewal activity, Cell renesy
invelves the continuous supply of new cells to replace those lost through ceff 4
and extrusion {Thrasher, 1966).

"The proeess of cell renewal in the gill epithelium of 3. margaritifera appears to
1n a steady state (i.e. the rate of cell production balances the rate of cell loss) (Thrashés
1966}. No emigration or immigration of labelled nuclei out of, or into, the epiicliog
was observed. '

"The epithelial surface can be divided into contiguous populations or compartmes
of cells that can be defined on the basis of morphology and location (Thrasher, 1
Cleaver, 1967). Simple cuboidal cells located in the gill furrow and gill furrow edgs
appear to be a stem type population which, through proliferation, supplies undif
entiated replacement cells for other compartments. Simple cuboidal or simple columige
cells Jocated on the proximal gill ridge sides appear to be a dividing transient, maturip
population. Simple columnar ciliated epithelial cells located on the distal portions
the gill ridge sides and on the gill ridge tip appear to be a simple transient populatios
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that eventually die and/or are extruded from the gill ridge tip. As

ional CCHS - i
the gill furrow and up the gill ridge sides, they mature and undergo

pigrate outof . . Lo . ;
i a} and presumably physiological specialization to become functional gill

he gi} cpitheg%%

Laberratin, ologic . L o
» o i cells. This transition makes sharp distinction between compartments
: hell . o e . .
ith metiyy "~ jt. The minimum transit time from the dividing transient population to the
¥ pree, it o o .
zested Slidefj i"‘% onal population 11 th§ gill r1dge tip may b(.a no more than 24 h, -
U o d 77 days P1, an obvious decline in observed labelled nuclei occurred.

3 grang Ove gﬂwften 4 an

¥ -,,'. . . . .
els sacrifie, d :Mcz jecline was apparently due to repeated division of stem cell populations which
8 Er, Tt ¢ i ii [
v-treated 3{.(1%2 J the number of grains per nuclei in some cells to an undetectable level.

and extrusion of cells may also have contributed to the decline of labelled

‘ections) freny thee

:w:as possible to detect Iabelled nuclei at 42 days PI in the gill furrow areas while
e were Seen along the gill ridge sides or gill ridge tip. There are several possible
:imﬁtions for this phenomenon,
i‘}eafef (1967) has shown that salvage of labelled breakdown products can become
@{mnt in long-term n vive experiments with $SH-TdR. However, we found that
}M, aot an important factor through 48 h P and, if it occurred, it seems likely that
ﬂ@ih abelling would have continued to be seen throughout the renewal system. There
. 1 other possible explanations.
Growth delay has beenshown to be a radiobiological effect of X-irradiation (Cleaver,
- Vlitchison, 1g71). Some cells in the stem population may be labelled during
;;h‘csis of DNA and then undergo a radiation-induced growth delay that could
Lt in their detection in autoradiographs after other label had been lost. However,
s not a clear example of a radiobiological effect. It has been shown that, in some
enewal systems, some of the stem cells may enter a G, phase (i.e. a population of
s that, after DINA synthesis, enter the cell cycle at a later time) (Cleaver, 1967).
_ch a reserve population may be present in gill furrow epithelium.

Incorporated labelled thymidine has been shown, under certain conditions, to cause
- rnge of radiobiological effects including: growth delay, chromosomal aberrations,
sqations and cell killing (Cleaver, 1967). Disintegration of a tritium molecule results
« the emission of a beta-particle and transmutation of the emitting nucleus (*H. to
e}, Transmutation of the ernitting nucleus has a negligible effect since the vacated
x;i.mgen atom sites in the pyrimidine ring are filled by hydrogen atoms present in
Emission of beta-particles is responsible for any radiobiclogical effects

tissue SUSPendes
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I cells.
{feaver, 1967).

The effects of beta-emission depend quantitatively on the number of SH-TdR in-
arporated into DNA, which is, in turn determined by the total concentration of
symidine (TdR) available, and the specific activity (Cleaver, 1967). Total concentra-
«on of available TdR was difficult to determine, but was similar to that available in
many previous experiments in mammals (Thrasher, 1966; Cleaver, 1967; Gude, 1968).
secific activity was higher than the levels used in previous experiments and it may be
siggested that this could increase radiobiological effects —a possibility that cannot be
iminated and wis considered in all interpretations of data. It also should be noted
4t the radiation dose to the nucleus, as measured by the number of grains per unit
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exposure time, was, in this study, greater than normally allowed in stydje, ;

, of o,
malian cell renewal systems and could affect the parameters of cell kinetigg H
the validity of extrapolating between mammalian and invertebrate studies jg unm

o

Labelled thymidine can undergo self-decomposition in storage to Produce 1, . fdy N
by-products and degradation pathways of TdR can produce labelled breﬁkdo\: il " '\M,',i{'
ducts. Both of these processes can interfere with studies that rely on specifi Ea;- I Ji’;fﬁ
of DNA, High specific activity increases the overall rate of seif-decomp()s;{ian X : ‘](.;;\\m
of decomposition is closely proportional to the dose rate from emission ﬂf.. f@ “;;dm:
particles, which is dependent on the concentration of labelled molecuyles s & (o “]1' m;t[(;
activity). Non-sterile storage and subsequent infection by microorganisms g, L.l’:,;.\,,;.x
in enzymic degradation, loss of labelled thymidine, and an accumulation of break, s endon
products (Cleaver, 1967). In order to minimize these 2 processes, solutions of 335;: (i !sé‘?-! ‘,‘:u
TdR were maintained under sterile, cold (4 °C) conditions and were yseg (.i{{:.ll«
t month of the last radiochemical purity check. 7 piakiste

In the degradation pathway of thymidine, the labelied methyl group may b, log ¢ sh f‘?.‘?m
demethylation of TdR or one of its breakdown products. These methyl groups C%;r \11\".‘%\&"‘ '
incorporated into proteins and result in cytoplasmic labeiling. However, the am{,;.i sy
of label incorporated into proteins is low compared with that incorporated ingg ;};\? YN \I :
and is not usually detectable when short exposure times are used (as was the Cm: \;',lfuf\tg h
this study) (Cleaver, 1967). adiatic

T'hat the above precautions and conclusions were successful and correct is SUPPory, N \‘
by the results of the DNase digestion study. Since all label was removed from Lﬁg[kggé;# ‘ i([\‘P (r;.\;-?
sections as compared to control slides, labelling by breakdown or self~éecgmmsém» ) \!‘n‘ti'nil
products was not a factor in labelling through 48 h PI. All labelling observed ﬁ:g TR ASTIE
specific labelling of DNA. ) :)'i’:::“'

There is a need for further studies comparing the effectiveness and utility of hig
and low specific activity tritiated thymidine on the same mollusc. It may be thy ,
specific activity lower than that used in this study may reduce the possibility of radta‘--
tion damage and stifl be high enough to overcome some of the difficulties faced is
obtaining molluscan cell renewal data.

We wish te thank Messrs Keith King, Lawrence Rocha, and Peter Tomasovic for wehnigg
assistance. D¢ D. Stuart Nachtwey of the Radiation Centre, Oregon State University, pra.
vided valuable instruction on autoradiographic techniques. )

This study was made possible by the following grants: 3o—260-0132 from the Orgus
Research Couneil ; 10-050—5301 from the Oregon State University General Research Fund; W
a Grant-in-Aid of Research from Sigma Xi.

The wark reported here was part of a thesis submitted by the senior author to the Graduze
School, Oregon State University, in partial fulfillment of the requirements for the Master of
Seience degree.
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Fig. 1. Longitadinal cross-section containing numerous labelled epithelial cell I?ifd“
in the gill furrow (gf) between 2 gill filamensis in: the posterior gill of M. margaritiferd
sacrificed 4 h after injection with *H-TdR. Hlaematoxylin and eosin. Exposure 3 days.
X 1250.

Tig. z. Latitudinal cross-section containing labelled epithelial ceil nuclef {arsows)
from gill furrow to gill ridge tip in the posterior gill of M. margaritifera sacrificed 24."
after injection with *H-TdR. Haemotoxylin and eosin. Exposure 3 days. gf, all
furrow: s, gill ridge side; ¢, gill ridge tip. % 500.
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