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Abstract

Histology of the liver of ciscoes, Coregonus artredii LeSueur, taken in
the spring of 1975 from Lake George, Néw York, éhows a high incidence, in males,
of vacuolated and herniated nuclel and disrupted muralia. Females, in contrast
show relatively few aberrant nuclei and intact muraiia. The cause of the

liver abnormality is not determined.




Introduction

Farlier studies on several hundred specimens of the cisco, Coregonus
artedii LeSueGr, of Lake George, Esseﬁ aﬁd Warrén Counties,.New York, have
shown an 85 to 95% prepondérﬁncé of females (C. Geofge, Unpublished data).
This disparity, combihed with observations of gonadal abnormalities and a well
documented twenty year shift m:incréasingylarger average adult lengths,
strongly supggests a reducﬁion in ﬁépulation recruitment with differential -
sexualrimpact. Such observations have led us to comnsider aﬁplication to
this‘particular popﬁlaﬁioﬁ of ciscos of several generalizations developed by
Christian and others (Christiaﬁ 1956, 1975; Brain, 1972) relevant to the
influence of high population dgnsiﬁies on population replacement. Prominent
among these ﬁas the concept that high popﬁiation densities induce increased
adrenocorticotropin (ACTH) productioﬁlwith consequent increased synthesis
and release of adrenogortibosteroids; The high level of circulating cortico-
steroids‘acts in turn.ﬁo inhibit hypophyseal gonédotropin release, either
,diréctly or iﬁdirectly, ;nd furthey, to inhib%t the disease defense meéhanisms
of the body. Jointiy these physiologic imbalances act to reduce population
size, - | |

Obvious manifestations of the process would be an increase in size of
adult animals,.some breakdown of feproductive processes and iﬁcreased
- Incidence of disease related mcrbidity and moftaliﬁy. Increased incidehce‘of
histological indicators in liver could appear as part of the phenomenon and we
ﬂun?began a study of the hisfology of this organ., The preliminary findings

on hepatic structure in 9 male and 7 female ciscos is reported herein.




Methods and Materials

Specimene were collecred on April 26-27 and June 10 of 1975 by means
of overnignt.eets,of demersal gill netting (Table 15.H.Tne Aprilﬂsanpies
were taken near Burnt Poin; in the norrhern basin-of Lake George. ‘The‘June'
sanple was provided by\Erneet Lantiegne;.Senior Aquatic Biolegist, of tﬁe
Warrensburg Offices of rnelﬁew ?ork‘Srate bepartment of Envirommental
Conservation, and was taken fron the vicinity of Refuge Island and the ‘

Calf's Pen in the southern baein of Lake George,:a site some 15 miles to
the south of Burnt Point. | o ”

Specimene were transported to shore.imnediately upon removal from the
water where they were weighed and measured for total length to the neareetrmm;
The. 1ivers were then removed and fixed in Bouin 8 solution. | |

Blocks of tissue were removed from comparable regions of each organ,
processed by routine'paraffin embedding and sectioned at six microns. The
sections were then stained with hematoxylin ano eoein. Meeeurements were meoe
with a filar miorometer and routine bright.fieldllighg microecopy. .Diemetere
 were measured to the nearest O. 1 micron. ) | -

At least four sections of each liver were used for counting and measuremem:.
The scribings of the filar micrometer made possible definition ofzrreetangular
area 80 X 26 microne and the circumacribed nuclei ware then measured, counted
-and assigned to five claeses relating to extent of vacuolization as observed
at 1,000 magnification. The nuclel classes were defined as follows:

Claes I: nuclei which did not show any vacuoles

ClaserIi: nuclei which ineluded vacuoles of a diameter less then‘the‘

radius or the nucleus, | . -

Class III: nuclel where the vacuole had a diameter greater than the

nuclear radius but less than nuclear diameter,
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- Table 1. Capture data and chai‘acteriétics of clscoes taken in Lake George,

New York. (1975)

a. I.C. = index of condition, i.e. weight in grams divided by the cube of length

in mm tines 105 .

b, The liver of this fish is greatly enlarged due to the presence of a large

epithelioid tumor.
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SPec:hﬁen Date of Totai .. Body Liver % Body
- Number Sex| Capture Location Length ﬁeight 1.¢% Weight | Weight
. (mm) () ()
283-1 ‘" | April 26727 | Burnt Point | 300 | 221 8.19 1.9 .9
287-6 ¢ | June 9720 | Refuge I. 338 377 9.76 2.9 .8
287-8 0 | June 9/10 | Refuge 1. 302 229 8.32 2.0 .9
287-10 ¢ | June 9?19 ‘Refuge I. 79 164 7.55 1.4 .9
288-2 ¢ | June 9710 | calf's Pen 229 178 | 14,82 1.4 .8
288-3 ¢ | June 9710 | calf's Pen 283 | 171 7.54 1.2 .7,
288-4 ¢" | June 9710 - | Calf's Pen 266 161 | 8.55 .9 .6
288-9 @ | June 9/10 | Calf’s Pen 05 207 | 10,20 1.0 .7
288-10 | O |June 9/10 | Calf's Pen | 311 | 261 8.68 1.7 .7
2001 | @ |Apral 25/26 | Burne Pone | 320 | %68 | 8.18 6.5° | 2.4®
287-1 '2 June 9/10 Refuge 1. 313 280 | 9.13 3.3 1.2
2812 9 | June 9/10 | Refuge I, 343 344 8.53 3.5 1.0
287-3 Q | June 9/20 [ Refuge I. 317 277 8.69 1.9 7
288-1 ¢ | June 9/10 Calf's Pen 233 | 159 12.57 1.4 .9
288-5 . | @ |Jume 9/10 | calf'sPen | 275 |18 | 8.5 1.1 .6
286—6_ 9 June 9/10 | Calf's Pen 309 228 7.73 2.0 .9




Class IV: nuclei where the vacuole occupied the entire nuclear volume
displacing the chromatin to the periphery.

Class V: - nuclel where the vacuclated nucleus had assumed an irregular
form or had ruptured leaving only a portion of the nuclear

envelope intact.

Results

| The cisco liver is an irregular-hemisphefical body situated in the
anterior region of the peritoneal cavity. Its‘irregularlf lobular, concave,
posterior aspect partially.enf§lds the stomacﬁ and pylorus. The liver
comprises about 0.8 perceant of the total Eody df the total body weight in
adult clscoes exam;ned (Table.l). The age of these fish as determined by
counting scale annuli ‘ranges from 4 to 8 years.

In gross aspect the muralia or cell sheets of male fishswe disrupted
and sinusolds are poorly defined. In.contrast the muralia of females are
-distinct, having both unilamellar and bilamellar form,and_sinusoids are
' coherenﬁ and well integrated with thé vascular endothelium.l Tﬁe parenchymal
cell marginsiare clearly set off from.nhe nonwsta;ning intercellular spacé.
Nuclei of the parenchymal cells are 1argé relative to théﬂcytéplasmic mass,
occupying about 40% of the cell volﬁme,‘and éxhibit a grahuiéf and filamentous
array of chrgmatin well dispersed in the hucléﬁpiasm. Usﬁaliﬁ thé nucleifére
sltuated medially along the 1ongér axis of each cells and may‘sé i& éontacf
with the cell membrane along the shorter axis.

Female livers frequently contain scattered, roughly spherical clusters
of 1afge, extensively vacuolated cells with very pale cytoplésm‘and‘irregularly

shaped, small densely stained nuclei. By comparison with routine biological
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specimens the embedding and staining procedures employed here permit the
conclusion that these cells nbrmally contain globular lipoid inclusionms.
Typically these lipoidal droplets range from 20 to.100 microns in diameﬁer.
Males, in contrast, did not show such clusters of vacuolated cells.

The average number of nuclei evident in the sténdard afea ranged from
13.6 to 17.5 for males and 19.8 to 29.8 for females, establishing a larger
size of the hepatocytes for male fish (Table 2).

The sizes of normal nuclei in male ciscoes are commonly, bu£ ﬁot
invariably, larger than those for the females. The Class I nuclei (N=905) of
the livers from males exhibit an average diameter o£‘5.7 microns, as opposed
to 5.4 microns for Class I nuclei (N=734) in the livers of females. True
diameters may be slightlyimgefthén thése reported bécause'not all nuclei
measured aré‘necessarily shown in a perfect equatorial plane of section,

In male discoes, nuclear vacuolization often progresses to such a degfée
that the nucleér membrane is diséorted and, in some cases, herniated

(Figs. 1 and 2). ‘En;argeﬁent_of the.nucléus seems to occur a£ the expense
of the cytoplasm because celllsize appears to remain'relétively constant.
Disruption of the cytoplasm is not evident, and rupture of the cell membrane
is not noted. By direct contrast, the 7 females show nuclear vacuolization
in only two cases and even in these vacuoles never occupy the full volume of
the nucleus (Figé, 1 énd 2).

The chromatin in nuclei with large vacuoles has lost its particulatal
character and has become a homogeneous, darklyrstaining périﬁétén: (or limbus)
of varying thickness. Simultanecusly, the nuclear diameter is increased by

about 12%, between classes I - III and IV - V (Table 3).



Comparison of liver cell densities for male and female specimens of the

Tabie 2.
'cisco, Coregbnus artgdii LeSue?r,f;om iaké'George, New York (19755.
Males Females
Specimen { Number of ﬁuméer of | Number éf Nuclei, Specimen Numbﬁr of | Number of Number of Nuclei
No. Fields . Nucleti Per Standard Area - No. Fields Nuclei Per Standard Area
Counted Counted ' _Coun;ed; Counted
283-1 6 95 15.83 282-1- 5 9§ 19.80 -
287-6 6 105 17.50 287-1 4 104 26.00
287-8 7 110 15.71 287-2. 4 96 24.00
287-10 6 94 +15.67 287-3 5 101 20.20
288-2 6 100 16.67 288-1 4 119 29.75
288-3 7 95 13,57 288-5 A 113 28.25
288-4 7 1113 16.14 288-6 A 102 25.50
288~9 6 93 15.50 |
288-10 6 © 100 ia;é#
Totals 57 . ;_905' | 30 734 724.47

15.88




Fig. 1.

The liver of a male cisco (LN 283—1),Coregonu5 artedii LeSueur, from

Lake George, New York, showing enlarged, vacuolated nuclei'with
marginated chromatin and other classes of nuclei as defined in the
text. ib, inclusion body; I, Class I nucleus, etc. See text for

definition of class types.




The liver of a female cisco (LN 282-1) Coregonus artedii LeSueur,

from Lake George, New York, showing the abundance of Class 1
parenchymal cell nuclei and intact muralia. T, Class I nucleus.

See text for definition of class types.




Table 3. The average diameter in microns of liver cell nuclei, by

sex and by class (see text), of the cisco, Coveponus artedii,

in Lake George, New York., The percentage by class is also

presented fox each specimen. (1975)

Male : Temale
(N) ' Class ) Class
Specm. i Specm,
No. | I 11 111 v v No. 1 I III v

(95) 6.0} 6.5 6.5 7,91 8.9 (99 t 5.6 - L -

283~1 | 35.8 | 7.4 4.2 43.2 ) 9.5 )282-1 60 | - - .-

(105) 5.8 5.8 5.5 7.2 ] 8.6 |(104) 5.4 - - -

2876 3.8 [73.3 | 14.3 5.7 | 2.9 |287-1 100 - - -

(110) 5.6 1 5.8 5.8 - - (96) 5.6 - - -

287-8 | 50.9 [40.0 0.9 0.0 0.01287-2 1ng - - -

(94) 5.5 5.6 | 5.4 6.4 | 6.6 | (101) 5.4 | 5.4 | 5.2 -

287-101 38.3 j11.7 9.6 37.2 | 3.2 [ 287-3 50.5 | 45.5 1 4.0 -

(200) | 5.8 6.0 - 7.0 ] - {19 5.3 5.5 - -
288-2 | 56.0 138.0 | 0.0 6.0 0.0)288-1 | 96.6 | 3.41 - -

5y | 5,90 5.7 ] 5.7 Les| 7.0 5.0 | - - -
288-3 | 18.9 |63.2 | 3.2 |13.7| 1.t {2885 {100 | - | - -

{113) | 5.9 5.7 6.3 6.1 ] 7.2 [{102) 5.6°] 5.6 3.5 -

28B-4 | 28.2 |54.0 1.8 15.0 | 1.8 |28B-6 25.5 | 68.6 5.9 -

(932 6.0 5.8 5.4 6.2) 7.0

288-9 |22.6 66.7 | 6.5 | 1.1 1.1

{100) 5.2 1 5.4 5.2 5.8 5.7

288-10 § 54.0 [33.0 5.0 7.0 ] 2.0




The vacuolar contents are essentially non-staining or weakly basophilic
except for refractile inclusions of uniform size which were occasionally
aggregéted centrally within ghe'vacuole. These inclusions are eosinophilic,
sphericalland may formlclusters several qicrons in diameter. Under phase
contrast they are especially obvious as brightly illumina;eq bodies. Such
inclusions are apparent 'in the vacuoles of méle livers only and appear in
less than 5 percent 6f all vaéuolated nuclei. Nuglear diameters do not show
a well defined increase from Class I through Class I1I. However, Class IV
nuclei, where the vacuoles have.reached the npclear envelope, are consistently
larger and show an average increasg of 12 percent.

Sections with vacuolated nuclei treaﬁed witﬁ diastése and then perilodic
acid Séhiff (P.A.8.) reageuﬁ eihibitgd-é consplcuous posifive reaction in the
nugleoplagm of cellg in stage III and iv,suggestiﬁg the presence of neuro~
prdteins ér degradation products. The vacuoles were not P,A.S. positive in
either the absence or presence of diastase.

Sections taken from the right posterlor lobe of the liver were compared

~with those taken from the standard position on the anteroventral surface:and

were found to be similar, suggesting that nuclear characteristics were uniform

throughout thé liver in each specimen,

Discussion _
Several generalizationé emerge. Male ciscoes collected in tWoldiffefeﬁt
basins ne#rly fifteen miles apart in Lake George, New York, in the spring of.
1975 illustrate a high percentage of liver nucleil containing vacuoles of varying
sizes ,suggesting tﬁé lakewide extent of the phenémenod. In some cases these

vacuoles appear to be related to an increase in nuclear volume and the eventual
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rupture of the nuclear envelope, Ouf obéervationé lead us to postulate théﬁ
in certain Hepatocytes, one or more small vacuoles form, Usualiy,rthesé are
adjacent to the nucleclus. These vacuoles enlarge and fuse, oblitefating'the
nucleolus. The enlargement continues in the margination and dissolution of
the chromatin, Uponlcontacting of the vacuole and.uuclear enyelope, the
nuclear volume then increasés to eventually cause the rupture of the nucleus.

' The vacuolar contents were generally translucent,'but in a small percentagé'of
vacuoles,.highly refractile (usiné phasé technique) oval to spherical bodies
could be seen, Additional nuclel could have lost tﬁese.inclusioﬁ.bodies in the
course of the microtechniqﬁe. We ﬁaﬁe no evidence as toltheir nature, however
electron micrbécopy should provi@e additionallinformation;

In comtrast to.the males, female ciscoes 1llustrated very few nuclear 
vacuoles and, when present, they never appeared to induce herniation of the
nuclear envélope. | .

The influence of the vacuolatioh warranfé some speculation.‘ Even.thougﬁ
grossly vacuolated and herniated nuclei weré‘coﬁmon, little or no indication of
cytoplasmic breakdown was evident and macrophages were generally 1éckiﬁg{ The
peneral c;ganihation of the liver tissue was however, greatly disrupted when
vacuolization was extensive and the fybical; well defined mix of uniléméllate
and bilamellate muralia, definiﬁg the blood Searing silnusoids, was lacking;
Coupled with this was the more diffuse packing dflcells consfituting
tﬁe liver parenchyma of the males, i.e., females-exhibited an average of
54% more huclei per-unit of c¢ross sectional area, Such &4 condition seems
grossly destructive to the orderly flow of blood essential for the proper

functioning of this key organ and thus the vigor and survival of the organism,
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The relative absence of males observed in the population. may thus be linked
to this condition. Extendiog upon this, we have aearched'for examples of male
cisco dieoffs and cite the unpublished case for the Ashokan Reservolr, Ulster
County, New York where a mortality of only male ciscoee was found in late
December early January of 1973-1974 and l974~1975 We have not, however,
observed such a phenomenon in Lake George and thus are led to suggest that
the liver conditions‘resulte ln a morbloity which facilitates_capture by
predators such as the lake trout and~northern pike. A predominahce of.mele
ciecoes in the stomachs of such predators would support this 1dea. |

To the best of our knowledge nuclear vacuolization hae not yet been
reported for the coregooine fishes, and, given‘the deterioretion of their
populations over the last 75 years, the ohservatiohs”made.here may hold |
some importance. Unfortunately, and as is the case for eeveral other
commercially important epecies (e. g. menhaden, Cahn, 1975), a histological
atlas does not exist for the_cisco or any of its congeners and thus a baseline
for eomparlson-is unavailable. Works.on a number of other salmonids are
‘ available, however, and permit a conclusion that the observed liver coneition
is indeed aberrant (Elias and Bengelsdorf 19523 Weineeb and Bilsted 1955
Simonh EE.EE) 1967 Anderson and\Mitchum, 1974)

Sexuel'dimorphism of the liver has been reported in a number of cases
and has been shown, in part, to he undery hormonal control (Kobayaehl, 1953°

Egami, 1955). Following the implantetion of estrone pellets in the Yoach,

'Mlsgurnus‘anguillicaudatus, the liver cells of males.became smaller while
the nuclei enlarged (Kobayashi 1953) Furthermore, the oheervation is mede
that the female loach generally exhibita 1arger liver nuelel and nucleoli,

but smaller liver celle than in males. Slmon_g£ gl,. (1967) have noted, to
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the contrary, the consistently larger liver nuclel in male trout than in females.
Our data support the observations of Simon et al., in general but not without
exception. In 254 nuclel (Class I) measured among 8 male ciscoes, 1ivér

auclel averaged 5.7 u in diameter while 604 nuclei measured in 7 female ciscoes
averaged 5.4 U indicétiﬁg that the liver nuclei of males were about 6 percent
larger in diameter. The'&ifferenée, though significant, may be seasonal and

a8 year-round survey seemg esgsential.
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