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NEW AFRICAN SPECIES OF EUCLASTA (LEPIDOPTERA,
PYRAUSTINARE)

BY

AURELIAN POPESCU-GORJ and ALIN CONSTANTINESCU

Two species proceeding from Africa, belonging to the genus Euclasla Led. are de-
'seribed. Detailed description of genital armature in both 33 and ©Q are given and
some ‘zoogeographical comments are also presented.

The abundant material belonging to the genus Huclasta Led. (Le-
pidoptera, Pyraustinae) we received from the British Museum and from
the Pretoria Transvaal Museum (Republic of South Africa) allowed us
to identify some new species. One of these is largely spread on the African
continent, frequently taken for Huclasta splendidalis Herrich Schéffer,
and another one seems to be located only in the South Africa, also frequent-
ly taken for Huclasta warreni Distant. We have been able to make this
identification only after a previous study of the types belonging to the
main species of the Huclasta genus and only after having obtained a broad
picture on the world distribution of the species belonging to this interest-
ing genus. 0

In the following, we give a detailed description of these new species
which we dedicated, the former to pay our respects toDr. Lidjos Vari,
prominent lepidopterologist at the Transvaal Museum of Pretoria, and the
latter, to Dr. Paul BE.S. Whalley, distinguished researcher at
the Entomology Department of the British Museum ; both of them gave
unlimited assistance to our researches.

EUCLASTA VARII nova sp.

External charaeters : frons bearing dense, light brown
scales, evenly arranged. On the vertex they are fine and long, bi- or tri-
denticulate and erect, protecting 2 black ocelli, situated behind antennae.
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394 AURELIAN POPESCU-GORJ and ALIN CONSTANTINESCU

Median portion of head and frons, towards inner margins of eyes, arc
marked by a shiny white-creamy line. Filiform and long antennae exceed
apex of forewings. Sensory face ciliated (in 33 cilia somewhat longer
than in 9?), delimited by a white-creamy stripe, while the dorsal face
is brown and each segment covered by scales ; basal segment pear-shaped.
Labial palpi very short and porect, broad, with distal end slightly curved
downwards and acute; colour similar to the other species of the genus.
Maxillary palpi short and narrow. Hyes diameter enters approximately
1.72 times into the length of labial Palpi ; the width of these enters apPProx-
imately 2.16 times into their length. Patagial collar shiny white-creamy
on the dorsal part and slightly brown on the lateral parts.

Colour of tegulae, thorax and abdomen, just like in the other
species of the genus.

Forewings light brown, elongate and somewhat narrower than in
B. defamatalis Walker which it resembles in appearance. In apical region,
costa slightly bent. Pattern and colour of forewings, similar to those in
E. defamatalis, the inferior half of disc-cell being covered with shining
white scales, whilst the other half is provided with brown scales, separated
from the shiny white portion by an almost uninterrupted brown-black

line. Hindwings hyaline, pale brown with a somewhat broader infuscato
arca in the apical portion.

Fig. 1. — Euclasta varii
sp.. n. — & genital arma-
ture; a, aedeagus with the
2 characteristic cornuti; b,
even, acicular cornutus ;
¢, spiny cornutus — slide
no. 307 (Holotype), MA-
LAWT : Mt. Mlanje (Nyasa-
land) 17.1V.1913 (S.A.
Neave) — in the Briftish
Museum, Natural History.

HBuclasta varii nova Sp. measures: 33 s
(mostly 25—27 mm.) and the 34 specimens, 24-31 mm.
27—29 mm.); in a runt specimen the expanse ig
specimens of Lybia origin, also mostly measure 24 —95 mm.

pecimens, expanse of 23 —28mm,

(mostly
only 20 mm. The 97
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i i ig — sli . Tegumen
Male genitalia (Fig. 1, holotype — slide no. 307)
convex and tgpering, presents a large notch on anterior portion. Uncus

slightly elongate with distal end club-shaped. Dorsal part heavily convex,

red with diverging scales, like spiny lamellae. Tuba analis slightly
gﬁ;;?nized, considerib]% overlaps distal end of uncus..Gnathqs. We]lb(?hﬂg-
nized, U-shaped, consisting of two narrow arms, anteriorly shfghtly road-
ened and joined by a transversal, slightly curved bar. Valvae {}Dl.em:
branous, antero-posteriorly elongate, broadeped in the median POlll(i)jﬁ’
breadth enters 3—10 times approx. into their length. Costa, 13937911( e
half of valve, tilted towards distal, rounded end, valves tapering some-
what more than in K. defamatalis. Inner face of valve lined with a 136;11-
brane on which numerous fine, long hairs are to be found, directed to-
wards the base of valves. This membrane is interrupted towards t}ﬁa bha'il's
so as to expose a Y-shaped space with unequal.arms. Succ'ul@‘ts wel ¢ 1&-
nized, short, triangular. Vinculum with a sclerite presenting atﬁ’f 1@1‘ fe_ne,
a plate on which coremata is inserted ; this latter consists of a tuft o 1111 5
very long hairs, overlapping the length of valves. Aedeagus (Bigsd a.
elongate, cylindrical, slightly inflated.ln.lts proximalportion (coec?mn-pemszl,
ductus ejaculatorius bears 2 characteristic cornuti (Fig. 1 b and (f) :one 'exirz y
acicular, slightly curved towards distal end (b) and another oneé Sp 373,
somewhat shorter than the acicular one, slightly contorte‘d ow?ut
proximal end, in contrast with distal end Wh(.ar.e Spines are moro elzrllga e.
Position and shape of these cornuti are specific to cach spgcles.f sg %
this species, the spiny cornutus is frequently absent ; sometimes 01'1n Iid
doublet, in ovigerous females (either one in the ductus bursae and az‘,s'eco
one in bursa copulatrixz, or both having 1’eacheq thg bursa copula 1(;,?3?, ‘a‘s,
females present an obvious polyandry. Fultura inferior consists of 2 diverg-
ing lobos.

Female genitalia (Fig. 2, allotype — slide no. 306). Bursa
copulatrix s]ig‘htl3rJegg-sllaped, presents concentric folds and’l a spec’gincﬁls(;
shaped signum, specific to the genus. Ductus bursae, after O‘netem ; f a,b
portion where opens bula seminalis, beging to inflate to a fll]}.? :;1fm fot’he‘
cone; up to its half it gets the normal size. Over morc than a ha f0 ‘el
inflated portion, ductus presents a chitinization, like @n'olongajue ‘u111i16$,
opening towards proximal portion, which is characteristic of thlsd,spelcer(;
After narrowing, ductus remains membranous up to th_e distal ?DTIVZ 1; o
it slightly inflates, its walls presenting a few longitudinal fold]s.. 1{1199 o
suddenly narrows and opens into the antrum ; in the narrow ’p,_ON‘Jl(ﬁl t" .
is a chitinized plate, slightly oval, with close and'rounded margins. ; n ”‘n d’
in its proximal part, on the outer face, bears fine and rare spinules, 'zlbl‘b(‘,
near the ostium bursae, a ring of very denso, fine spinules. Anal papilla
and apophyses similar to the other species of the genus.

Material examined : 39 spec. 38,37 spec. $2 and 1 spec.

without abdomen, proceeding from different African countries, namely :

: j V. 1913 (leg.
Holotype 3 : MALAWI: Mt. Mlanje (Nyasaland) 17.1V 5 (0
S.A. Neavgjp— slide no. 307 — in the British Museum, Natural Histor yg.
Allotype ? : MALAWI: Mt. Mlanje, 2300 ft. (Nyasaland) 11.VIITI.19} :
(leg. S.A. Neave) — slide no. 306 — in the British Museum, Natura
History.




|
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Paratypes 38 spec. 33 :
SOUTH AFRICA : 1 spec. Belvederc, C.P.V. 1921 (Dr. H.G.Breijer) ;

Fig. 2. — Euclasta varii Sp. n. —

Q@ genital armature ; slide no. 306

(Allotype), MALAWI: Mt. Mlanje,

2300 ft. (Nyasaland) 11.VIIL.1913

(S.A. Neave)—in the Brifish Museum,
Natural History.

1 spec. Durban (ex coll. Clark, A.J.T.
Janse); 1 spec. Potgietersrust Powel
(Transvaal) I. 1939 (coll. Janse) — in the
Transvaal Mus. Pretoria ; 6 spec. Pretoria
N':20.1.1917 (0.J. Swierstra) — in the Naf.
Mus. South Rhodesia ; 18.11.1939; 15.V,
1937; 30.IX.1937 — slide no. 383; 25.X.
1937 (2 spec.) (all G. van Soon) ; 1 spec.
Pretoria 1. 1V.1969 (L. Vari) ; 3 spec. Sku-
kuza (Kruger Nat. Park Survey) 26—
28.1V.1968 (Potgicter et Goode) (2 spec.)—
slide no. 384 and 7.V.1970 (Vari et Potgie-
ter); 1 spec. Punda Milia (in northern
Kruger Nat. Park Survey) 4—5.V.1970
(Vari et Potgicter) — all in’ the Transvaal
Mus.  Pretoria ; MOZAMBI QUE : 1 spee.
 Laurengo-Marque V.1907 (Dr.G. Audé-
oud) — slide no. 395—in the Mus. de
Geneve ; RHODESIA : 1 spec. Vumba 2.V,
1968 (B.D. Barnes) ;1 spec. Salisbury Expt.
Stn IV. 1956 ; 1 Spec. Vietoria Falls IX.
1957-in the Nat. Muys. S. Rhodesia ; 1 spec.
Nankie XTI. 1964 — in the Mus. Malaw:
ANGOLA : 1 spec. M. Moco, Luimbale
1800—1900 m. 15.111.1934 (Dr. K. Jordan)
— slide no. 320 ; ZAIRE : 1. spec. Kassai
distriet (Taymans) — in the British Mus.
Nat. History; 2 spec. Tsinkolobwe (Ht.
Katanga) 2.1.1931 and 5.VT.1931 (J. Ro-
mieux) — slide no. 379 — in the Mus. de
Genéve; 1 spec. Elisabethville VI.1938
(Dr. Seydal) — in the Transvaal Mus.
Pretoria; 1 spee. Kwamouth, VI.1921
(Lebrun); 1 spee. Eala, 1. 1953 (J. Ghes-
quiere) —in the Mus. du Congo- Tervuren ;
MALAWTI : 3 spec. Mt. Mlanje (Nyasaland)
21.1.1914 5 29.1.1914 ; 25.111.1913 ; 1 spec.
Shire Valley, Mwanza Riv. 600 16.4. VIII.
1913 — slide no. 301 ;1 spec. S.W. Lake
Chilva 12.1.1914 — glide n0.303; 1 spec.
Ruo Valley, 1000 ft. 13.VII.1913 (all S.A.
Neave) —in the British Mus. Nat. II istory ;
1 spee. Nkata bay (Nyasaland) XII.1961 —
in the Nat. Mus. 8. Rhodesia ; ZAMBIA :
1 spec. bks. Loangwa. Lat. 14.50 S., about
1700 ft. 29.VI.1905 (S.A. Neave) — in the
British Mus. Nat. Histor, ; 1 spec. Katam-

553
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3 7 . . ar-es-
bora TV.1962 — in the Nat. Mus. 8. Rhodesia; TANAANI;&: 1 %pﬁ% é)éiu :
égll:am _slide no. 302 — in the British M@é%5N at. thfl én]g,yll,us Pl

: 2 oll. le Moult) — slide no. — in the : )
%ZE%?%NKEL (;)lhs(]}p]fac(c T. Muir Reg. (Aden), 3.X1.1900 — slide no. 300
the British Mus. Nat. History.

’ s _ sl . 290
gg%ltTyﬁei&g‘%fgjf : 1Qspec. Pinetown (Natal) I. 1909 — slide no. 29

i 1.1939
in the British Mus. Nat. History; 1 spec. Pr.egog% ;%2 41?G?V.SOH)
Er Son) ; 4 spec. Pretoria 13.1.1924; 22.11.1937 ; 9. el iy
AT Janse) — slide nos. 393 and 394 ; 13.TX.1937 (G.v.Son) g
i Bridge (S. Kruger N. Park) 25.111.1952 (Jansen e o t}{e o
dile Bri gK NP Survey) 7.V.1970 (Véri et Potgieter) —a H}I oo
o e p e ey spec, Blitabethville 251111984 (Dr.
vaal M us.. Preto lide no.304 — in the Mus. du C’ongo-.Tef;jq)'m.e? s
Bou?gulgnorg o0 SLuaJngv;ra, R., Btwn. Luwumbu et Mwailesi Rllv ?1 ) e
Yg{O :(Lssgfc.Negx]?é) — slide no. 380 ; 1 spec. Mt. Mlzm]el\(ll\TyiblsZz:b aﬁliv. 606 b
1913 (S'A. Neave) ; 1 spec. Shire Valley (Nyasala,nd),E zafrica, My
8.VIII. 1913 (S.A. Neave); TANZANTA : 1 speo. . Adrica, 1803 — all
in the British Mus. Nat. History ; RHODESIA : 2 sp sons LA
1968 (leg. C. Cottrell) — in the Nat. Mus. S. Rho_desmggo L 'VIII.1952
the Mus. Malawi ; 3 spee. Lindi, Ndanda (Tangsjmy%zg,l%s (.1 eo-“ e
(leg. Lindemann und Pavlitzki); 3.XI11.1953 5 % . ERRZ kg
deiann) — slide no. 378 — in the Staatsslg. Miinchen ; SI s
1 spec. W. Africa (Sierra Lieone) XI1.1967 (R.J. Revell) — s1 " ha;m) i
Af;%E'RIA: 1 spec. Hammam-es-Salahin 24.1V.1904 (VVlzh1 S%P gravieini)
lide no. 335; 1 spec. El-Outaya VI.1910 (V. Faroult) I(JCID(T)I'SIA e
" dlide o, 308, all in'the  Briish: Mus. Nat, H‘zstoryl; T INTST g
Gafsa 26.IV; 28.IV (coll. Caradja) — slide no. }{2?332——(0011 G
Antipa; 3 spec. Nefta 6.V.1929 (2 ‘speg:? ; 13.IX. Gl éc""NSidi:Més"i;i
—"glide no. 882 = il the  Mus. dé Paris ; LIBYAH. Rothgcﬁild LA
(Tripolitania) : 21 —31.111.1924 (Romei) (4 spec. 501.1924 e
g ﬁd 1 spec. coll. Paravicini) — slide no. 318 ; 2.VIL. So02) BVITA924;
(:;zhich belongs to the Mus. Karlsruhe — slide no. e 11,1 ) (.coll gy
4. VIT.1924 ; 6.VI1.1924 — slide no. 309 ; 3.YIII.1924Ad er LiS 7.100 i
child Bequest); YEMEN : 1 spec. Jebel Jihaf (W. o), ooa 7100 .,
X. 1937 (H. Soott ot E.B. Britton) — slide no. 291 — all in
us. Nat. History. Li
- 1 spec. without abdomen:MQZAMBIQUE: 1 spec. 12.VIL.189
(Dr.” Ansorge) — in the British Mus. Natl. History.
Biology : unk nown.

Distribution : Huclasta vm.'i@' nova sp. is l‘argeg nsl‘)rf(ﬁdl.no:n ;{]zc_i
African continent, the material examined by' us gl ()‘clee - f{ire i
public of South Africa, Mozambique, Rhodesm,i. ngpo iisia, a,n:J, o
Zambia, Tanzania, Senegal, Sierra Leone, Algena;,A buent s il
also occurring in. Yemen, in the All*ablan Pen1ns1‘1.1a. ]
as well as in the isles on the Atlantic coast of Africa.
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EUCLASTA PAULI nova sp.

External charaeters : frong bearing dense, dark brown-
grey scales, delimited all around by a wide shining-white stripe, median
stripe on the frons absent or very slightly marked. Filiform antennae
just exceeding the expange of forewings. Labial palpi long, with basal
portion and ventral margin largely covered with shining-white scales ;
median portion also covered with shining-white scales alternating with
brown-grey ones; the remaining parts, covered only with brown-grey
scales. Distal end of labial palpi acute ; eyes diameter enters 2.40 times
approx. into palp length, and palp width enters 2.80 times approx. into their
length. Maxillary palpi elongate, somewhat shorter than in H.warreni
Dist. Proboscis also provided on its outer surface with shining-white
scales.

Tegullae brown-grey with shiny-white marging.

Forewings brown-grey, elongate, with costa slightly curved towards
apex ; disc-cell almost totally covered with shiny-white scales, with a
round black spot on the upper part of distal end ; the spot is supported by
the distal end of a continuous black line, which severs the subcostal space
from the dorsal one, and which extends, in separate fragments, up to the
apical portion. In the submedian part of distal end of the disc-cell, there
is a brown-black stripe, slightly curved, externally delimited by a fine
shiny-white line ; the space between this bent line and the outer margin
of the wing, somewhat broader than in . warreni Dist., a very resem-
bling species. '

Hindwings subhyaline, with a slight purplish-blue iridescence and
a grey area, broader in the apical portion, decreasingly descending towards
anal angle, its inner margin being more diffuse, not so distinct as in
E. warrent. A

Abdomen also brown-grey, shorter and larger than in FEuclasta
species belonging to the defamatalis group (i.e. those with brown wings).
In females pattern and colour are identical.

Buclasta pauli nova sp. measures : spec. 33 28—31 mm. (mostly 31
mm.) and spec. 9 28 —34 mm. (mostly 31—33 mm.).

Male genitalia (Fig. 3, holotype — slide no. 396). Uncus
shorter and rounded, dorsal part heavily provided with divided scales,
like spiny lamellae. Tuba analis, fairly membranous, not overlapping uncus.
Gnathos well chitinized with the same U-shape. Valvae membranous,
antero-posteriorly elongate, slightly broadened in their median portion,
almost oval in shape. In the median portion costa is slightly tilted towards
distal end, which is rounded and less narrow as compared with other
species. Valve breadth enters 3.10 times approx. into its length, a little

shorter than in K. warreni Dist. Coremata made up of a tuft of fine and very

long hairs, projected beyond length of valvae. Aedeagus (Fig. 3 a) elongate,
cylindrical and slightly inflated in the proximal part, whilst the distal
part is narrower and slightly curved ; ductus ejaculatorius bears 2 spe-
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cific cornuti : an even one, slightly curved towards distal gnd, Whl(}hl is
acute and presents at the proximal end an apertu.re confined '(tovv[a;‘(%s_
distal part) by a membrane which appears like a pomﬁed hqok, {n 1;310 ile
view (Fig. 3 b). In contrast with other Fuclasta species, this 001'nulus 1(;
longer than the second, spiny one (Fig. 3 ¢), 1‘3he spines on‘the dl.sta en
being much longer ; also in this species the spiny cornutus is lacking.

Fig. 3. — Euclasta pauli sp. n. — & genital armature ; @, aedeagus

: ; icti > i i . 1 tus: ¢

with the 2 characteristic cornuti; b, even, acicular comu' HE

spiny cornutus — slide no. 396 (Holofype), SOUTH AFRICA : N.uls-

abies (Richtersveld) 24.II1.1958 (G. van Son) (Ca}pe Province
distr.) — in the Transvaal Museum Preloria.

Female genitalia (Fig. 4, allotype — slide no. 401). Bursa
copulatrix slightlyJoval, with many concentric folds and a ’large ;S,}JGC;)&Cl;Z
like signum, with lateral projections shorter than in other speoi.us. luc &
bursae membranous, after one coil, where opens bula seminalis, alllno,f
immediately inflates on nearly its whole median portion, Fhe walls o
which are almost entirely slightly sclerot}lzed ; aftt_ar becoming a,gauf1 nigaml-'
branous it narrows a little, to inflate again, a portion Wherg the walls heaJlG
longitudinal folds ; the end towards the antrum bears 2 sclerite, like a 8 eg
of paper with close and rounded margins. Antrum 1nﬂated, cup—shapr ;
with outer walls almost entirely provided with very fine, densg spmlu eﬁ.
Anal papillae and apophyses similar to those of the other species belong-

ing to the genus.
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Material examined : 11 spec. 33, 19 spee. 99 and 3
spec. without abdomen.

Holotype 3 : SOUTH AFRICA : Nuisabies (Richtersveld) 24.111.1958
(G. van Son) (Cape Province Distr.) — slide no. 396 — in the Transvaal
Mwus. Pretoria. : :

Allotype ?: SOUTH AFRICA : Prince
-Albert Rd. (Cape Province Distr.) XI.1931
(R.E. Turner) — slide no. 401 — in the British
Mus. Nat. History.

Paratypes 10 spec. 33 : SOUTH AFRICA -
L spec. Swartbergpas (Cape Province distr.)
9—19.X11.1968 (Potgieter et Jones); 3 spec.
Seweweekspoort (Cape Provinee) 4 —6.XI11.1968
(Potgieter et Jones); 2 spec. Worcester (Cape
Provinee) 14—21.X.1966 (Vari et Potgieter) —
slide no. 398; XI.1962 (R.C. Littlewood); 1
spec. Numees Mine (Richtersveld — Cape Pro-
vinece) 23.111.1958 (G. van Son) —slide no. 399 ;
3 spec. Nuisabies (Richtersveld) 24.111.1958 (G.
van Son) — slide nos 397 and 400 — all in the
Transvaal Mus. Pretoria.

18 spec 92: SOUTH AFRICA : 2 spec.
Koot of Nieuwveld Mts. (5 miles N.W. of Beau-
fort West) (Mrs. Butt) — slide nos 402. and
403 — in the British Mus. Nat. History ; 1 spec.
Swartbergpas (Cape Province) 9—19.X11.1968
(Potgieter et Jones) — slide no. 405; 1 spec.
Kliphuisvlei (Swartbergpas) 13.X1I1.1968 (Pot-
gieter et Jones) — slide no. 408 ; 3 spec. Sewe-
weekspoort  (Cape Province) 4—6.X11.1968
(Potgieter et Jones); 4 spec. Numees Mine
(Richtersveld) 23.1T1.1958 (G. van Son) — slide
no. 404 ; 2 spec. Nuisabies (Richtersveld) 24.
II1.1958 (G. van Son); 2 spec. Willowmore
(Cape Province) 10.1V.1929 (G. van Son) and
X.. 1915 (coll. Janse) ; 1 spec. Swellendam (Cape
Province) 9—14.XI1.1931; 1 spec. Lonridge
Farm (Plettemberg Bay, Cape Province) 13 —17.
i II1.1956 (A.J. Duke) ; 1 spec. Oudtshoorn (Cape

Fig. 4. — Euclasta pauli sp. Province) 18.VIIT.1949 (C.G.C. Dickson) — all

o _4% 1geng?1tal'matugeo? qulfg in the Transvaal Mus. Pretoria.
no. (o) e), > : .
AFRICA :( Prinyc}; is,mm Rd. 3 spec. without abdomen : 1 spec. Swart-

(Cape Province distr.) X1.1931  bergpas 9—19.X11.1968 (Potgieter et Jones);
(R.E. Turner) — in the British ] gpec. Seweweekspoort 4 — 6.XI1.1968 (Pot-
S, Natondl Historg /0l et oty ones); 1 spec. Stormsriviermond
(Coast Nat. Park) 4.XI1.1967 (Vari et Potgie-

ter) — all in the Transvaal Mus. Pretoria.

Biology : first stages and ecology unknown.
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istribution : according to available data Buclasia pauli
sp. N Is)e:alsns to be located in South Africa, exclusively, south of the tf:OPI%
of Capricorn, being captured from different _100@_11t1es in the Repub i, 0
South Africa (Transvaal and Cape Province districts). From the zoogeogra-
phical viewpoint, #. pauli is a south Ethiopian element.
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In the paper the author describes the aspects of the postembryonic ontogenetic
development and reproduction in two terrestrial isopod species : Ligidium hypnorum
and Trichoniscus pusillus. The gestation periods of the species and of the females,
the number of eggs layed by a female and the number of hatchings per age classes
are established. Wilh the ontogenetic development, the starting point of sexual
differentiation and the stage of the animals of the two generations when entering
the diapause are shown. There are also described the morphologic characters of
each ontogenetic development stage in both species.

Data concerning the reproduction of these two species of isopods
are few and incomplete, and their postembryonic ontogenetic develop-
ment was not studied till now. The results of some similar researches [11],
[13] previously published, convinced us of the necessity of making a study
of the ontogenetic development in most isopod species.

MATERIAL AND METHOD

As biologic material we used -animals collected in field from 1969 to 1970, the aim being
the study of the dynamics of some isopod populations. For the reproduction period (May —
September) the samples were taken at 15 days intervals, and afterwards at an interval of a
month. To obtain larvae immediately after hatching out we brought gestant females in labo-
ratory, keeping them until the larvae hatching. Out of Ligidium hypnorum species we studied
656 individuals (172 males, 205 females, and 279 larvae), and out of Trichoniscus pusillus spe-
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cies 924 individuals (253 males, 425 females, and 246 larvae). For the postembryonic develop-
ment study our observations were made with the stereomicroscope, 6n each individual separate-
ly, and out of 60 and 75 males we made microscopic preparations with appendices which
represent the secondary sexual characters with taxonomic value. The big number of the in-
vestigated individuals as well as the material collected during an entire year made it possible
to observe the evolution of characters of cach species during the ontogenesis. We made also
comparative observations on the variabilities of some phenotypic characters.

RESULTS AND DISCUSSIONS

Reproduction. Ligidium hypnorum. The gestation period with this
species is from May till August (about 90 — 100 days), and the gestation
period of the female is of 40 — 45 days. In the month of May we found as
gestant only the females belonging to the age class of 2—3 years, with the
body size of 9—10 mm. The number of eggs layed by these females at
their first laying is of 16 — 25, frequently 16 — 17. The larvae from the
laying of the month of May are hatching out at the end of June and the
beginning of July. About the middle of July, few females of 2—3 years,
surviving the first laying, are laying for the second time, and the larvae
are hatching out about the middle of August. The 16" of August we found
females still having incubation sack, and the 20*" of August the postnatal
moulting had already taken place. In June, the 1 — 2-year-old females,
with body size of 7 — 9 mm. were gestant. These females are laying
10 — 20 eggs, frequently 13 — 16. The 1 — 2-year-old females are also
laying twice consecutively. The incubation time with the second genera-
tion is shorter. In this warm period (July — August) the thermal constant
is realized in a shorter time as compared to the first generation. Females
belonging to the age class of 0 — 1 year, and having a body size of 5 — 7 mm.
are laying only once, in the first year of life, at the end of June. The
females are laying 6 — 10 eggs. The number of females of 0 — 1 year and
of 5 mm. was reduced ; they have not layed in their first year of life.

Trichowiscus pusillus. With T'. pusillus the gestation period of the
species begins in May and lasts till September (about 130 —140 days), and
the gestation period of the female is of 30 — 35 days. As with the first
species, the 2 — 3-year-old females, having a body size of 3 — 3.5 mm.
are laying in May. A female lays 7 — 12 eggs, frequently 8 — 9. About
the end of May, the 1 — 2-year-old females, of 2 — 2.8 mm. in size are
also laying 6 — 10 eggs, frequently 6 — 7. In June, with the 2 — 3 -
year-old females the larvae are in a very advanced stage of development.
These females have 2—3 consecutive layings, and those of 1 — 2 years, 2
layings. The 0 — 1-year-old females with a body size of 1.8 — 2 mm.
are laying only once, 4 — 6 eggs, in June — July.

The authors who studied the aspects of reproduction in different
isopod species [2], [9], [16], [17] referred to the periods when gestant
females appear, as well as to the number of eggs and to the layings, making
a correlation only with the animals’ size. Our results show that the number
of eggs and of layings of a female is depending on the size and age, but
that the number of eggs is also depending on the range of laying. With
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the second laying, the same females in both species have a smaller number
of eggs as compared to the first laying. _

Reckoning the rate of gestant females in June and July, months
when females in all classes of age may normally be gestant, we found that
with Ligidium hypnorum the rate of gestant females is of‘84.2 %, and with
Trichoniscus pusillus of 84.7%,. These prove _that a quite large number
of females take part in the reproduction, ensuring the species perpetuation
and a high density of the population in the biotope. This fact was also
established by our results, after the quantitative analysis of the samples.

Ontogenetic development. The importance of knowing the post-
embryonic ontogenetic development of isopod species was u.n_derhned by
Vandel [14], [15]. He shows that in order to _make t];e revision of some
species and genera, or to establish phylogenetic relations among species,
it is necessary to know their ontogenesis. Many organs of the isopod bo@y
have an allometric growth during the ontogenesis, presenting thus djlf-
ferent shapes in the stages of development. These reasons as well as the
results of other papers [11], [13] determined us to continue the sj;udy of
postembryonic ontogenetic development in other soil isopod species, £00.
Tn our research we observed the evolution of the clearly visible pheno-
typic characters, which are modified from a stage to another, and especially
of the male secondary sexual ones. They are fundamental criteria in
delimiting the species. Thé genesis of the male sexual organs, representing
the secondary sexual characters, is directly influenced by the androgenic
gland. Tt co-ordinates the formation and growth of these organs. Besides
the androgenic gland, an important part is played by the neurohormones
secreted by the median zone of the protocerebrum. ’L'[‘hey'have an anta-
gonistic action toward the androgenic gland. The physmloglpal mechanism
of sexual differentiation inisopods was studied by.many scientific resear-
chers [17], [3], [5], [6], [7], [11], who have shown that during the onto-
genesis the secondary sexual organs appear in different stages, and that
their subsequent evolution occurs under the action of sexual hprmones
and neurchormones. The functional ratio between the androgenic gland
and the protocerebrum changes during the ontogenesis, the inhibitory
action of the neurohormones on the androgenic gland diminishing gmdually.
These physiological modifications are expressed also p}.lenotypl_cally and
correspond to some progressive naorphplqglc modifications of the secon-
dary sexual organs, which are characteristic of each stage of developmgnt
in animals. We continue with the description of the stages of postembry-
onic ontogenetic development in Ligidium hypnorum and Trichoniscus

ustllus. ; :
- Ligidium hypnorum — larval stage. After the ‘hatehlng the size of
the larvae is of 1.8 — 2 mm. The body has a yellowish colour, under the
stereomicroscope a fine net of brown pigments being observed. The head
has no lobes (Fig. 1a), a common feature with the @@ult individuals.
The eyes are formed of a reduced number of ommatidia which are in-
creasing with the animal growth. The antennary flagellum is formed of 7
scgments (Tig. 1 b). The 7™ segment of the pereion is incompletely deve]ol?-
ed, and the pereiopod 7 is lacking. The exopodites of E}le uropods ere
shorter than the endopodites ; the ratio ex./en. is 0.86 (Fig. 1 ¢). During
the ontogenesis the exopodite has a positive allometric growth as compar-
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ed to the endopodite, surpassing it in length even in the immature stage.
At 20 — 25 days after hatching the larvae reach 3 — 3.5 mm. in size.
In this period the pigmentation of the body becomes more pronounced and
visible with the naked eye. The pereion and the 7th pereiopod are complete-
ly developed.

] Immature stage. Sexual differentiation is visible when the larvae
size reaches 3.5 mm. We found the first immatures from generation I

Fig. 1. — Ligidium hyp-
norum — larval stage. a —
head; b — antenna; ¢ —
pleotelson;  b. — basipo-
dite, ex.—exopodite, en.—
endopodite.

(larvae hatched in June) in the samples collected between 5 and 15 August ;
their size was of 3.5 — 3.8 mm. But in this period we also found recently
hatched larvae from generation II. We studied their growth as well as
their sexual differentiation. The immature stage is characterized by the
following : the antennary flagellum is formed of 8 segments (Fig. 2 a), the
exopodite (Fig. 2 b) and the endopodite (I'ig. 2 ¢) of the pleopod I are
resembling those of the adult as concerns the shape. They differ by the
more reduced size, the exopodite is lacking both thorns, and in the endo-
podite there is only one. The endopodite of pleopod IT is short-stem-shaped,
with a round end (Fig. 2 a). The uropodal exopodite seems shorter than
the endopodite because of the shape of the basipodite. The basipodite is
shorter in the portion in which the exopodite is joined, and lengthened as
a cone where the endopodite is joined (Fig. 2 f). The length ratio exo-
podite/endopodite is 1.1 to the exopodite’s advantage.

Juvenile stage. The first juveniles of generation I were found by
us at the beginning of September, at 50 — 60 days after hatching. The

Fig. 2. — L. hyphorum — immalure slage. a — antenna; b — ex. pl. I;
¢ —en. pl. I; pr. — protopodite; d — pleopod 1I; e — penis ; f — pleo-
telson.
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Juvenile features in this generation appear with the animals having 4.7 mm.
in size. The body colour resembles that of the adult, that is to say
finely marbled with brown and yellow spots. On the lateral side of the
body there are 2 brown longitudinal strips. The antennary flagellum is
formed of 9 segments (Fig. 3 a). In the exopodites and the endopodites
of pleopod I 2 thorns appear (Fig. 3 b, ¢). The endopodite of pleopod II

Fig. 3. — L. hypnorum
— juvenile  stage. a —
antenna; b — ex. pl. 1;
¢c—en pl. I; d-—en.
pl. I extremity (gonopod) ;
e — penis; f, f* — uropods.

d

the gonopod) is as a long duct with a rounded off end, provided with a
chitinous tooth in terminal position (Fig. 3 d). The penis is adult-like, but
the ratio length/thickness is 3.8 —4.0, while with the adult it is 4.5—5.5.
The ratio ex./en. in uropods is 1.26 — 1.33. The extremity of the exopodite
reaches the same level as that of the endopodite (Fig. 3 f). The individuals
from generation I enter the diapause when juveniles. The males are of
5 — 5.5 mm. in size, and the females of 6 mm. The individuals hatched
in August (generation II) enter the diapause as immatures and are of
3 — 4 mm. in size. As will be seen, the diapause has a different influence
on the subsequent development of immature and juvenile individuals.
In the month of April of the following year the male juveniles from gener-
ation I reach the size of 6 — 6.2 mm. and the antennary flagellum is
formed of 10 segments. The ratio ex./en. with uropods is also of 1.3, in
some individuals even smaller. With the immature males resulted from
generation 11, a lack of balance between. growth process and sexual matur-
ation occur in spring. Sexual maturation takes place in a faster rhythm,
which is detrimental to the growth. These individuals become adult at
the same time with those from generation I, but having a much smaller
size. In May, the juveniles’ gonopods and penis have a morphologic aspect
resembling the adult (Fig. 4 ¢, f). The antennary flagellum is also formed
of 10 segments, and the ratio ex./en. in uropods is of 1.33, too (juvenile
characters).

2-- ¢, 3364



408" Sl NICOLAE TOMESCU i 6

Adult stage. Males of both generations have]entire characters of
adults at the beginning of June, that is to say afteri 10 and 11 months
from hatching. Those from generation I reach the size of 6 — 7 mm. and
those from generation II of 4.5 — 5.5 mm. The secondary sexual organs
are utterly resembling from a morphologic point of view.: But there is 'an
obvious difference in size between the two generations. The characters:of

Fig. 4. — L. hypnorum — adull stage. a — antenna;

b—ex.pl.I;c—en. pl. I; d— pl. IT; e — enlarged

extremily of en. pl. IT; ¢’—the same extremity pressed
on the slide; [ — penis; g — pleotelson.

a male adult are shown in figure 4. We notice the fact that the antennary
flagellum is formed of 11 segments (Fig. 4 a). The en. pl. II (the gonopod)
extremity has two chitinous teeth (Fig. 4 e). The ratio ex./en. in uropods
is of 1.6. The distal end of the excpodite always exceeds, both in males
and females, the distal end of the endepodite (Fig. 4 ¢g). On the whole,
these characters allow us an accurate distinction between adults and juve-
niles. When. the males become adults, their growth is very slow, so that in

autumn one. can find in a population juveniles from generation I, which
may reach and exceed in size the adults from generation II of the last:
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year. Knowing the juvenile and adult features, their distinetion is some-
how easily done and with much aecuracy. This is necessary in systematic
studies as well as in the ecolegy and the genetics of iscpod populations.-
Tt is necessary to know first the stage variations, to investigate then the
genotypie variations and the medifications in several populations belong-
ing.-to a species with a large area of distribution. In what follows we shall
mention some data on the phenotypic variations observed by usin Ligidium
hypnorur:. , ;
The size of adults of the same age varies between 4.5 and 8 mm.
The big differences in size are due firstly to the laying in different pericds
of the year and to the diapiuse which occurs in a generation in the juve-
nile stage and in another i the immature one, having a different action
on the subsequent development. The colour of the bedy is typical with
most animals; but we found also adult individuals in which brown spots
were predominant (accentuated melanism), and others in which yellow
spots were prevalent. The segments number of the antennary flagellum

has stage variations, and with the adults it ranges between 11 and 13.

The exopodite of pleopod T is of a typical shape (Iig. 4 b), but the number
and length of the thorns present great variations (Fig. 5). The endopodite

3

Fig. 5. — L. hypnorum — *
. aspects of the variation of -
thorns number in the male -
. exopodite of pleopod I. ~

of pleopod I (the goncepod) is of a relatively constant shape in the adults,
presenting only stage variations. The exopodites of uropods have a posi-
tive allometric growth, and they also present only stage variations.
Trichoniscus pusillus is a species with a very large distribution area
and presents many difficulties in determination [8], [10]. Four subspecies
have been described, ‘but after some revisions [4], [8] only 3 subspecies
were accepted. In this paper we used only the binominal name, because
after studying the ontogenetic develocpment we came to the conclusion
that 2 new revision was necessary. First, one must know the ontogenetic
development of all populations of the described subspecies. -
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Larval stage. The larvae of T. pusillus have 1 — 1.2 mm. in size at
hatching. With these larvae the tegument is slightly pigmented, too.The
pereion 7 is incompletely developed, and the pereiopod 7 is absent. The
antennary flagellum is formed of 3 segments, the eyes are composed of 3
ommatidia and the length ratio ex. [ en. of uropods is 1.2 — 1.3, Tn 7.
pusillus larvae, these features are the same with those of the adult, while
in L. hypnorum they undergo stage variations.

Fig. 6. — Trichoniscus pusillus — im-
mature slage. a — pleopod 1; b — pleo-
© pod II

Immature stage. The first immature individuals of generation
appear at the end of July, at about 20 — 25 days after the hatching.
Their size is of 1.3 — 1.4 mm. The exopodite of pleopod I has a similar

shape with that of the adult, but it is lacking therow of subterminal hairs .

on the internal side, as well as the chitinous lobe, which in the adult pleo-
pod is present on the external side. The second segment of en. pl.Iis very
short (Fig. 6 a). The en. pl. IT appears as a dorso-ventrally flattened stalk.

Juvenile stage. The juveniles of generation T appear at the beginning
of August, at about 40 — 45 days after the hatching, and their size is
of 1.4 — 1.7 mm. The second segment of the en. pl. I is approximately
of the same length as the basal one (Fig. 7 b). The borders of the en. pl. 11
(the gonopod) in the distal portion are revolved (Fig. 7 ¢). With T. pusillus
the individuals from generation I enter the diapause also as juveniles,
while those from generations IT and IIT as immatures and larvae.

Adult stage. The individuals from generation T and IT become adults
at the beginning of June, i.e. 10 and 11 months after hatching. Among
the individuals of generation III (hatched in September and being in

Fig. 7. — T. pusillus —
Juvenile stage. ¢ — antenna ;
b—pl I;c¢c— pl IL
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diapause as larvae) we found very few animals and we noticed that their
development after the diapause is greatly slowed down. It seems that
they don’t reach the adult stage, but this must be verified under labora-

‘tory conditions. The adult characters in 7'. pusillus are given in figure 8.

We underline that with the 2 — 3-year-old male adults the external
lobe of the ex. pl. I is prolonged by a fine chitinous fold, obliquely directed

‘ e
b ¢
Fig. 8. — T. pusillus — adult slage. a — antennaj b — pl. I in
2 — 3-year-old -adult male; b’— ex. pl. I pressed on the slide;

¢ —pl. IT; d — adult uropods; d’— larva uropods; e — pl. I in
1 — 2-year-old adult male.

toward the internal side (Fig. 8 b). If the exopodite is pressed on the slide
the fold disappears (Fig. 8 b’). We gave this image too, because we found
it in different works of systematics, but it is not a real representation

Fig. 9. — T. pusillus. As-

pects of the wvariability

of exopodite of pleopod I
in adult males.

of the exopodite of pleopod I. In the young male adults the chitinous
fold is absent, only the lobe on the lateral edge being present (Fig. 8 e).
In T. pusillus there is also a clear difference in size between the adults
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of the two generations. The adult malés from generation I are of 1.8—2 mm., |
while those from generation IT are of 1.4 — 1.6 mm. More difficult'is tho REFERENCES
differentintion between the adult and juvenile individuals, for excepting :
the pleopods we have not found other features (antennary flagellum or
Hff uropods) with stage variations. Colour and size cannot: be criteria of
_distinetion between adults and juveniles. Beside stage variations, as pheno-
1 typic variations we observed a strong variability of the ex. pl. I shape
‘ in adult males (Fig. 9). The other secondary sexual charagters have a sim-
| p'e morpholegic aspect and present a weak variability.;
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have two consecutive layings a year. Few females of the 2 — 3 years class
have three.consecutive layings. The 0 — 1-year-old ones are laying
once. With both species, the number of eggs layed by a female depends
on gize, age and rarge number of laying.. g

: Sexual differentiation for the larva of generation I in ILigidium
Il hypnorum starts after the 5 of August, and in Trichoniscus pusillus atter ,
Il the 25t of July. Sexual differentiation for the,larvae of generation IT |
I _oceurs,during the month of September. ‘With both species, the individuals
\
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: of generation I enter the diapause as juveniles, and those of generation
‘ 11 as inmatures. We observed that in generation II the diapause causes a
il disequilibrinm between sexual maturation and growth in the next year’s
i spring. The growth is slower, while the maturation processes are hastened.
* Thus, the animals of both generations reach the adult stagein the same
I I period of the year, at the beginning of June. Evident differences, of size
i are observed. Adult individuals from generation IT are much smaller, so
i that they may easily be confused with the! juvenile individuals from gener-
(i ation I of the following year. In the study of populations.ecology, ono
|

|

|
cannot do a distribution of animals in ago classes based only on their size. {
Secondary sexugl ehpracters and other characters having a stage varia- |
f bility must be ta . ; :
LI During the ontogenetic:development, the distinctive characters
1l between juveniles ‘and adults appear gradually. The first formed are the |
Hill penis, the gonopods, the exopodite pl. I, and then the other characters
E are defined. In their biological cycle there are periods in which both adult |
“‘and juvenile characters are present in the same individual. Tn the delimit- |
ation of adults from juveniles, this aspect as well as the whole aggregate |
“lofchardeters  must be taken into account. ‘




LA MICROSCOPIE ELECTRONIQUE DES HISTONES DANS
I’O0GENESE DE CARASSIUS AURATUS PAR
REACTION DE I’ARGENT AMMONIACAL

PAR

MIRCEA TONESCU-VARO

The arginine rich histones could be seen in the electron microscop within the
oocytes of Carassius auratus by means of the ammoniacal silver reaction fol-
lowing fixation in buffered formalin. The product of the reaction is seen as little
electronic-opaque particles which are associated within the cytoplasm and the
nuclei with r-ARN forming a ribosomal protein complex and within the follicular
nuclei the heterochromatin ADN,

On a constaté ces derniers temps que les ribosomes des oocytes
contiennent des protéines basiques du genre des histones [3] [4] [5], [6],
qui ont pu étre détectées par des méthodes convergentes histochimiques
[11]. 11 existe d’ailleurs une série de contributions précieuses & ’analyse
des histones attachés &4 PARN des nucléoles et du noyau [2], de sorte que
nous pouvons affirmer & juste raison que le méme genre de protéines sont
attachées 4 PADN et &4 PARN. Dans le présent article nous nous propo-
sons de mettre en évidence par des moyens cytochimiques ces protéines

dans les oocytes du caras.

[MATERIEL ET METHODES.

De petits morceaux d’ovaires du poisson ont été fixés dans 109,
paraformaldéhyde avec 29, acétate de sodium ou dans 3 9, glutaraldéhyde
dans un tampon de cacodylate 0,1 M pH 7,4. Ils ont été lavés ensuite pen-
dant une heure dans de l’eau distillée et traités a I’argent ammoniacal
pendant 15 min, sous agitation permanente. L’argent ammoniacal est
pr.épa,ré & partir d’une solution 109, d’azotate d’argent versée goutte a
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goutte sur de ’hydroxyde d’ammonium concentré, en 1’agitant aussi long-
temps qu’un faible trouble persiste. Aprés le traitement & ’argent ammonia-
cal, on lave en changeant I’eau distillée environ dix fois et on réduit dans
du formol 3%, pendant environ 5 min. Les petits morceaux sont lavés a
Peau distillée et déshydratés a 1’aide de ’alcool éthylique en concentra-
tions criossantes, propyléne oxyde et sont finalement inclus dans Epon
812. Les sections ont été faites avee des couteaux de verre a 'ultrotome
LKB et aprés une double coloration avee du citrate de plomb-acétate
d’uranyle, elles ont été examinées au nueroscope électronique Hitachi

de l’Instltut Dr, i Cantacuzmo

' RESULTATS

Nous avons analysé les oocytes surtout pendant leur petite croissance,
avant la formation des vacuoles corticales. Au mictroscope photonique, tant
sur les sections & paraffine que sur celles fraichement coupées au eryotome,
on observe que ces petits oocytes présentent une forte réaction aussi bien
dans leur cytoplasme que dans les quelques grands nucléoles. Pendant
ce stade se forme la « membrana radiata » & partir des prolongements du
plasmolenime oocytaire et des cellules folliculaires entre lesquelles est
déposé un matériel’ glycoprotéique.

- Chez les trés jeunes oocytes ol la synthese des extra-copies du r-ADN
‘nucléolaire est encore en cours,les images obtenues au microscope électro-
nique montrent une densité assez faible des particules de ’argent réduit
dans le cytoplasme. On sait [8] [9] [10] que dans les stades trés jeunes de
I’oogenése chez Xenopus laevis on ne trouve pas de ribosomes typiques et
que le cytoplasme est peu actif dans la synthese des protéines. Par contre,
la ba,sophlhe est produite par un matériel fibrillaire qui correspond & des
précurseurs ribosomiques qui. vont se condenser progressivement en don-
nant naissance auxribosomes seulement quand les oocytes auront atteint
leur taille maximum. Il est fort posssible que dans notre cas également,
lorsque le cytoplasme et le noyau montrent une faible condensation de

ribonucléoprotéines, ce fait soit dfi justement au début de la formation
des ribosomes. On peut admettre que eceux-ci sont déja formés dans les
nucléoles, car la dimension des particules d’argent réduit est la méme que
dans la cytoplasme et on peut méme surprendre leur migration par les
pores du noyau. Au cours de la grande croissance, les oocytes ont des ribo-
somes abondants autant parmi les vacuoles que parmi les granules des
vitellus formés. La méthode de I’argent ammoniacal permet aussi de détec-
ter les protéines riches en histones des mitochondries ou la reaction est
produite par-quelques petits granules de 40 A. En échange, les noyaux des
cellules présentent une forte réaction due aux histones qui forment un
complexe aveec PADN chromosomial de I’hétérochromatine. Dans ce cas
les particules sont beaucoup plus grandes, atteignant environ 200 A et
pouvant former des agrégats de 500 A. Les ribosomes des cellules follicu-
laires a ergastoplasme donnent une reactlon positive pour les protéines

riches en arginine. Sl

3 5
. ~ . 5 i o, "

Fig. 1. — Une partie du noyau. nl, nucléole ; m, membrane nucléaire (x 20 000).
Petites graines noires indiquant les protéines riches en arginine.

Fig, 2.

— Cytoplasme de l'oocyte plein de graines d’argent (x 20 000).
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Fig. 3. — Noyau de cellule folicullaire (x 20 000).

IFig. 4. — Nucléole de la vésicule germinative (x 20 000).
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La méthode de argent ammoniacal apres fixation dans une aldéhyde
tamponnée, introduite dans la eytochimie par Black et Ansley [1], permet
de voir les histones au microscope photonique. Les histones riches en argi-
nine prennent une couleur d’un brun bleudtre foneé, tandis que les histones
riches en lysine apparaissent en jaune. Cette méthode a été appliquéo
aux études électronomicroscopique par Varo [11] et par MacRae et Meetz
[71. En électronomicroscopie la réaction positive ast produite par de petites
particules sphériques ayant parfois un contour faiblement irrégulier, corres-
pondant & la couleur brune-noire de la microscopie photonique. Cette
couleur brune-noire est produite par les groupes guanidiniques de Vargi-
nine. MacRae et Meetz [7] interprétent cetto réaction comme étant pro-
duite par « Pinteraction spécifique de I'argent avec les centres réactifs do
I’arginine des protéines & riche contenu d’arginine ». 11 est possible que la
réaction soit produite aussi par des histones qui sont synthétisés ou réar-
rangés dans divers loci des cellules.

Des considérations présentées il ressort que, dés les tres jeunes sta-
des, on trouve dans les nucléoles des oocytes une quantité de protéines
basiques riches en arginine associée & PARN nucléolaire. Ces complexes
de ribonucléoprotéines passent dans le cytoplasme, qui s’enrichit ainsi
progressivement en ribosomes, & mesure que se produit la grande croissance
de la période de vitellogenese. Tes particules sont dissémindes rapidement
ot uniformément car on les rencontre méme dans les microvilli de la mem-
brana radiata. Nous ne pourrons pas affirmer qu’il existe une région préfé-
rentiello dans les oocytes ol s’accumulent les ribosomes ou les protéines
basiques qui leur sont associés. Il y a toutefois des cas ol la quantité de
ribosomes autour du noyau est plus grande que dans le reste du cyto-

plasme.
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QUANTITATIVE VARIATIONS OF ADRENALINE AND
NORADRENALINE IN THE ADRENAL GLAND OF
PHALACROCORAX CARBO L. DURING ANNUAL
CYCLE PHASES

BY

ANCA PETRESCU-RAIANU

The relative proportion of adrenaline and noradrenaline in the adrenal chromaffin
tissue was estimated by counting differentially stained cells with Mallory staining
applied to preparations previously fixed in bichromate-containing mixtures.
Determinations were carried out during March, May and October. Three distinct
kinds of cells were found : adrenaline-containing cells, noradrenaline-containing cells
and intermediate ones. Major amine for both sexes in any given stage was adre-
naline, which reached the highest level in March and the lowest one in May. Noradre-
naline, however, was relatively constant in proportion. The number of inter-
mediate cells was quite variable and might be used as an index for the
physiological state of adrenal chromaffin tissue.

The quantitative ratio of the two catecholamines was approached
in several studies. Coupland et al. [4] pointed out that their relative pro-
portion in normal adults is species specific. Nevertheless, differences were
found in the adrenaline/noradrenaline ratio during embryonic develop-
ment as compared to that recorded for adult individuals. Several investi-
gators reported that during early developmental stages noradrenaline is
almost the only amine to be found in the adrenal gland. Adrenaline be-
comes apparent only in later stages and increases until the species charac-
teristic level is reached [22], [24], [26], [33].

In birds, the relative proportion of the two catecholamines shows
large variations. In several species, noradrenaline is practically the only
catecholamine in the adrenal gland, while in other ones the reverse situ-
ation occurs [1], [8], [9], [13], [23]. Ghosh and Ghosh [9] suggested a
relationship between phylogenetic evolution and the adrenaline/noradre-
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naline ratio, with primitive forms (Gallus, Anas) synthesizing preponde-
rantly noradrenaline and Passeriformes, a recently evolved group, show-
ing a higher level of adrenaline. The present study is concerned with the
relative proportion of the two amines in a more primitive bird species

_than those so far investigated and with its suspected variation during the

annual cycle.

MATERIAL AND METHODS

Adrenal glands of adult male and female individuals of Phalacro-
corax carbo were removed during March, May and October, corresponding
to definite stages of the sexual cycle, i.e., March to the mating period, May
to egg laying and hatching and October to sexual repose. The number of
examined individuals is given in the table.

To demonstrate selectively the catecholamines use was made of
following fixation mixtures: Orth, potassium chromate-potassium bi-
chromate at pH 5.6 and potassium bichromate-formaldehyde. When the
potassium chromate-potassium bichromate mixture was used, a 24 hrs
fixation was followed by a post-fixation in 109, formaldehyde. The mate-
rial was freeze-sectioned in some cases, while another series was included
in paraffin (fast inclusion), sectioned and stained in a mixture containing
aniline blue, orange G and phosphomolybdic acid, according to Mallory.

Adrenaline and noradrenaline amounts were quantitatively esti-
mated by counting differentially stained cells with Mallory staining applied
to both chromaffin islets subecapsulary in location and to those located
in the central zone of the gland. 400 —600 cells in each zone were recorded
for any individual and the results were expressed as per cent valucs.

RESULTS

In Phalacrocorax carbo, adrenal chromaffin cells appear as groups
of different size, randomly distributed among interrenal cords.

By means of the chromaffin reaction of Hillarp and Hokfelt we failed
to distinguish without doubt the two types of chromaffin cells (Fig. 7).
However, this became possible with Mallory staining as applied to mate-
rial previously fixed in bichromate-containing solutions. The preparations
allowed a clear-cut distinetion between adrenaline-containing cells which
stainéd-in blue, the noradrenaline-containing ones which stained in yellow

and a third cell type, intermediate cells. These latter are different in appear--
ance : some are stained in mustard yellow, while others display within-

the cytoplasm of the same cell, yellow zones alternating with blue ones
(Fig. 3)." ; : , :

: In the central part of the gland, all chromsaffin islets are mixed,
containing adrenaline cells as well as'noradrenaline and interniediate cells
(IMigs 2 and 6). Though most often mixed, peripheral islets also occur
with one major kind of cells (Figs 1 and 4).

Fig. 1. — A part of a section
through the adrenal gland of
Phalacrocorax  carbo, with chro-
maffin islels comprising, in the
peripheral zone, mainly adrena-
line-containing cells (potassium
chromate and potassium bichro-
mate ; Mallory).

Iig. 2. — Chromaffin islel in
Lhe central zone conlaining adre-
naline cells (blue), noradrenaline
cells (yellow) and intermediate
cells (mustard yellow). Notle lhe
location of noradrenaline cells al
Lthe periphery of the islet (potas-
sium chromate-potassium bichro-
mate ; Mallory).

Iig. 3. — Chromatlin islet built

up of the three different kinds of

cells (potassium chromate-potas-
sium bichromale; Mallory).




— -

Fig. 4. — Peripheral small chromaffin islet, built up only of
adrenaline-containing cells (potassium chromate-potassium bi-
chromate ; Mallory).

Fig. 5. — Adrenaline-containing cells with an apparent vacuol-
ization (potassium chromate-potassium bichromate ; Mallory)
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Within an islet, noradrenaline‘cells are usually peripheral in location
(Fig. 2). Several chromaffin cells show an apparent vacuolization of the
- gytoplasm, which oceurs in each one of the three kinds of cells inthe chrom-
~ affin tissue (Fig. 5). ; . ;
: In spite of individual variation of the relative volume of the. three
types of cells, several conclusions might be drawn. The data in the table
indicate that in Phalacrocoraw carbo the major amine in the adrenal gland
is adrenaline, regardless of sex and annual cycle stage.

Fig-_(i. — Central chiom- ! Y
laiim islet (potassium : The occurrence of adrenaline-containing cells usually took values
R lec R e Mie between 50 and 65 p.c. with some minor exceptions dependent upon the

chromate ; Mallory). 4 - 2
- annual cycle phase. Furthermore, peripheral islets appear to [contain a

higher proportion of adrenaline as compared to those in the central zone
of the gland, during any of the annual cycle phases so far investigated.

- An examination of the graph and table reveals a relative constancy of
noradrenaline amounts which seem to be independent of the annual
cycle phase, sex and even zone of the gland (Fig. 8 and table 1).
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The changes in adrenaline content-seem to follow the same pattern

C for both sexes, as well as for different parts of the gland, though the graph
I Fig. 7. — The distribution.of chromatfin fslefs n ‘ - : corresponding to tho central zone in male displays a rather different as-
i Piny asielion: powsr s e Iiﬁe“;l_p'“an‘zl ;;glt‘;‘dt‘)’f the glengl pect. The higher adrenaline level was found in March, while in May the

lowest one was recorded. In Qetober, intermediate amounts were found

to occur.
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Table 1

The number of adrenaline-containing cells (4-cells), noradrenaline-containing cells (Na—cells) and intermediate cells
(I-cells) in the adrenal glands of Phalacrocorax carvo, as a function of annual cycle stage, sex fand zone of the gland
(in p.c. values) a

Peripheral zone Central zone

Stage Sex |No. of R e BN L a0 e e
birds | A-cells | NA-cells I-cells A-cells NA-cells I-cells
5 65.64 16.14 18.22 48.82 16.68 34.24

© March S = G ST -
12 68.04 13.85 18.08 : 59.81 21.10 19.89
5 50.56 18.96 30.46 45.66 21.22 33.12

Mayi i s AR e i85 a b ey ow BT i
5 51.22 23.94 24.82 44 .82 19.08 36.06
5 52.66 15.54 31.90 38.62 24.74 36.62

October TR L £ BT e o b
10 60.32 17.23 22.24 57.63 16.82 25.48

DISCUSSION

The distribution of the two catecholamines among different parts of
the adrenal gland is a highly variable feature in most representatives of
all vertebrate classes. In Squamata, noradrenaline is confined to the dor-
sal chromaffin tissue layer, the central islets containing adrenaline only
[6], [15], [25]. In turtles and crocodiles such a clear-cut separation of the
two amines is no longer apparent though a preponderance of noradrenaline
in the peripheral chromattin cells is still oceurring in erocodiles [6], [7].

The data recorded for birds display larger variations. In Anas bos-
chas and Gallus domesticus, according to Arvy [1] and Sivaram [27], in
the peripheral chromaffin tissue adrenaline predominates, while in the
central islets, noradrenaline is the major component. In Columba livia,
according to Ray and Ghosh [23] noradrenaline is’ the peripherally pre-
ponderant amine. Our data obtained for Phalacrocoraz carbo indicate the
preponderance of adrenaline both in the peripheral islets and in the cen-
tral zone of the gland, the ratio between adrenaline and noradrenaline
amounts being, however, higher in the peripheral zone. The occurrence in
the peripheral zone of certain factors favouring noradrenaline methyla-
tion and its conversion to adrenaline might be tentatively inferred. Data
by Arvy [1] and Sivaram [27] seem to suppor? this interpretation, though
the results of Ray and Ghosh obtained with Columba livia [23] are in
disagreement with it. ’

The species-dependent variations in the relative proportion of the
two catecholamines in adrenal gland was not yet satisfactorily explained.
The animal behaviour was expected to account for the different catechol-
amine proportion, aggressive animals displaying higher levels of noradre-
naline [10]. Ghosh and Ghosh [9], on the other hand, suggested a rela-
tionship between.the proportion of the two catecholamines and the
position of the species within phylogenetic lineage : representatives of the
genera Anas and Gallus synthesize mainly noradrenaline, while Passeri-
formes, as a recently evolved group, show a higher content of adrenaline.
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Our data do not support either of the two hypotheses. Phalacrocoraz carbo,
though a predatory, carnivorous (ichthyophage) bird, phylogenetically
primitive, shows a much higher content of adrenaline as compared to
noradrenaline amounts. Based upon the individual variation in Phalacro-
corax carbo reported above, as well as additional data reported by other
authors, we assume that the proportion of the two catecholamines is not
in the least fixed and it does not seem to depend upon phylogenetic posi-
tion, displaying rather large variations corresponding to the requirements
of the organism in certain physiological states.

According to the data recorded for Squamata as well as for certain
mammals [4], [6], [7], [14], [28], [29], chromaffin cells seem to be not
uniformly able to synthesize both catecholamines i.e. to methylate noradre-
naline to adrenaline.

Picard, Vitry et al. suggested that adrenaline-containing cells and
noradrenaline-containing ones are the two morphologic appearances of
chromaffin cells, ascribable each to a different stage of the secretory cycle
[3], [20], [21], [31], [32]. This conclusion is based upon the occurrence
in chromaffin tissue of cells with intermediate features between adrenaline
and noradrenaline cells, which we observed in Phalacrocoraxz carbo,
though other authors did not note them. However, it does not seem rea-
sonable to consider noradrenaline simply as a precursor of adrenaline, as
it was detected in adrenal effluent and, in addition, during early develop-
mental stages it is the only catecholamine to occur in the adrenal gland.
The vacuolization observed by us in noradrenaline-containing cells of
adult Phalacrocorax carbo might provide further support to consider nor-
adrenaline as a true hormone, required by the organism under certain
conditions.

Seasonal variation of chromaffin adrenal tissue was reported mainly
in mammals. Although Zalesky [34] found a lack of seasonal variation
in adrenal medulla of Spermophilus and Canguilhem and Bloch [2] failed
to reveal a seasonal cycle of urine excretion of catecholamines, most authors
assume an important part for adrenal medulla in hibernation of rodents
[11], [18], [19], [30]. The data reported for birds are controversial as
well. Lorenzen and Farner [16] show that in Zonotrichia lewcophrys gam-
belii no seasonal change occurs in the chromaffin adrenal tissue, while
John and George [12] observed in Sturnus roseus an enhancement of
adrenaline production just before migration ; Petrescu-Raianu [17] noted
in Phalacrocorax carbo a reduction in size of chromaffin islets and a de-
generation of a part of their cells, occurring during early spring, which in
turn, together with an hypertrophy of interrenal cords, would lead to

- changes in the relative proportion of interrenal and chromaffin tissues.

The relative constancy of the number of noradrenaline cells, agwell
as the variation of the number of intermediate cells suggest that in differ-
ent stages of the annual cycle the adrenaline requirements are variable.
During May the lowest level of adrenaline was recorded in the adrenal
gland of Phalacrocoraw carbo. One might conclude that adrenaline was re-
leased from the gland, to fulfil certain needs of the organism. Ag during the
Same period the number of intermediate cells also reaches highest value,
L.e. the conversion of noradrenaline to adrenaline proceeds at a high rate,
the above assumption seems to be even more plausible. The number of

3 — c. 3364
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intermediate cells might, thus, represent an index for the physiological
state of adrenal chromaffin tlssue and for the adrenaline requirements of
the organism.

The high level of adrenaline and the occurrence of a reduced number
of intermediate cells during March indicate a low activity of the chrom-
affin tissue in this period, which seems to be related to the chromaffin
tissue degeneration described by us previously [17]. Taking into account
the reduction in the adrenaline amounts stored in the gland the increase
in the number of intermediate cells during May, it seems reasonable to
think that an activation of this tissue takes place due to the hormone
requirements related to egg laying and hatching.

CONCLUSIONS

1. Adrenaline is the major amine in the adrenal chromaffin tissue
of Phalacrocoraz carbo in all phases investigated.

2. The distinet morphologic appearances of chromaffin cells cor-
respond to different phases of a secretory cycle. It does not mean that nor-
adrenaline is not an active hormone of the adrenal gland required for cer-
tain phys1ologlcal states of the organism.

3. During the annual cycle a variation exists in the number of adre-
naline- eontammg and intermediate cells. The noradrenaline amount is,
however, relatively constant. This pattern suggests that intermediate cells
1’epresent an index of the physiological state of the adrenal chromaffin tis-
sue and of the adrenaline requirements of the organism.

4. The high level of adrenaline and the small number of intermediate
cells during the month of March indicate a low activity of the chromaffin
tissue during this period. During May, however, a stimulation of this
tissue occurs, as revealed both by the reduction in the amount of adrenaline
stored in the chromaffin cells and by an increase in the number of inter-
mediate cells.
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THE EFFECT OF THIOUREA AND UREA ON THE OXY GEN
CONSUMPTION IN ANODONTA CYGNEA

BY

¢. A. PICOS

’

The author studied the action of thiourea on the oxygen consumption in molluscs
acclimated to 25° and 30°C, as well as the action of urea on the oxygen con-
sumption in molluscs acclimated to 25°C.

Both substances were administered in water, in the same dose (1 g./1.) and over
the same period of time. Oxygen determination in water was made according to
Winkler’s method.

The mean values of oxygen consumption recorded before, during and after cessation
of treatment evidenced the following : i

1. Under thiourea aclion the oxygen consumption increases by 83.409 in mol-
luses acclimated to 25°C and by 127.56 % in molluscs acclimated to 30°G:

2. Under the action of urea the oxygen consumption in molluscs acclimated to
25°C decreases by 27.96 9. ) } :

3. With both substances the oxygen consumption of molluscs tends to revert to
the initial values 24 hours after the cessation of treatment.

The findings of our researches effected in recent years [3]—[6], [8]
have drawn the attention on the particular importance presentcd by the
investigation of the action of some thicderivatives (thiourea and methyl-
thiouracil), commonly known. in physiology under the name of anti-
thyroids, on the energy metabolism of poikilothermic animals.

At least two facts, which we had mezde ev'dent for the first time,
aroused the interest for the study of this problem : 1) the species deper.d-
ence of the metabolic action of thicderivatives; 2) the dependence of
the same action on the temperature to which the animals have been
acclimated.

The first fact resulted, on the one hand, from the experimental
data obtained on molluses [3], [6], and on the other, from those obtained
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onfrogs [8]. Actually, under very different thermal conditions, treatment
with a thioderivative produced an increase in the oxygen consumption
of molluses, whereas a decrease was recorded in frogs.

As to the second fact, we would first mention the results of some
experiments [4] on fishes (Carassius auratus gibelio Bloch), which showed
that the same thioderivative (methylthiouracil) administered in water,
in equal dose (150 mg./l.) generated an increase in the oxygen consumption
under the conditions of lower temperatures (7° —10°C), and a decrease
of the consumption when the temperatures were higher (20° — 23°C).
Other investigators [2], [7] have not stated, however, a temperature
dependence of the action of thioderivatives on the oxygen consumption
in fish.

Also in respect of molluses our previous investigations [3], [6] en-
abled us to find a certain dependence on temperature of the metabolic
action of a thioderivative (thiourea) consisting in the fact that the meta-
bolic effect of this substance is more pronounced under the conditions
of low temperatures (- 5°C) and less pronounced when the temperatures
are higher (18° — 20°C). :

As the results of experiments on fishes suggested the possibility that,
at a certain thermic level, the reversal of the metabolic effect of thiourea
should appear also in molluses, we assumed the task to test the action
of this substance at even higher temperatures. At the same time, to ap-
broach the problem of the inner action mechanisms of thiourea, we have
tested, to a lesser degree, also the action of urea on the same physiological
Pparameter.

MATERIAL AND METHOD

" We have made our tests on six lots of molluscs (Anodonla cygnea 1..) composed of 6—10
animals, of as far as possible equal sizes and having the saine biologic antecedents. We
carried out three experimental variants, using three lots in the first variant, two lots in the
second, and one in the third. The three variants differed from one another through the differ-
ent conditions under which the oxygen consumption of the animals was ascertained : 1) under
the action of thiourea (1 g./1.) at 25°C; 2) under the action of the same substance (1g./1)at
30°C; 3) under the action of urea (1 g./L.) at 25°C. :

In all the lots, the experiments were carried out in the same way which we describe here-
after. At least three days before beginning the experiments, the animals were acclimated to the
corresponding temperature (25° or 30°C). For this purpose, the lots of animals were placed into
cylindrical glass recipients of the same size and with the same amount of water from the tap (4 1.)
which was ventilated by means of a vibrator air-pump. Then, the glass receptacles were im-
mersed in the water of a large aquarium, maintained at the necessary temperature by means of
a thermoregulation system. The water in the receptacle with animals was replaced daily only
with the water of this particular aquarium in order to avoid whatever variations in temperature.

After the acclimation period, we carried out on different days, but at the same hours,
2—3 determinations of the oxygen, consumption of the animals’ lots maintained under standard
conditions.

Over the next days the lots were treated with the substances the metabolic action of
which was investigated (thiourea and urea). For this purpose, the same dose from the relative
substance (1 g./l.) was administered daily in water, after its previous replacement. The oxygen
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consumption of the animals was determined after 1, 2, 3, 4 and 5 days of action of the reilative
substance. Subsequently, determinations after the first and second day from the cessation of
treatment were carried out. : : ‘

To ascertain, the oxygen consumption of the investigated animals’ lots, we applied the
confinement method using however respiring chambers of adequate capacities so that, at the

end of the experimentation time (30 minutes), the oxygen contents of the limited volume of

water never sank under 60% of the original value. :
Measurement of water-dissolved oxygen was made according to Winkler’s method.
The oxygen consumption of molluscs was expressed in milliliters per kg. of active tissue and
per hour. ) ' ki
For the first two experimental variants the values of oxygen consumption were J'omed,
making up three groﬁps of individual values (prior, concomitant and subsequent to thiourea

treatment) which were then statistically processed. :
For the third experimental variant, carried out in one lot (treated with urea) we calcul-

ated only the arithmetic mean of the three categories of data, as their small number was not
suitable for a statistical processing.

RESULTS

In table 1 we give a synthetic presentation of the results obtained
in the experiments carried out for the purpose of investigating the impact
of thiourea (1g./1.) on the oxygen consumption of molluses acclimated to
25°C and to 30°C.

Table 1

Thiourea (I g./1.) action on oxygen consumption of molluscs (Anodonta cygnea) acelimated to 25°C and 30°C

Mean values (}Zj of O, consumption
(ml./kg./h.) and their standard error (SE) P-values
X+ SE
Experi- Tempera- @ LE)
mental ture
et G Before During After
treatment treatment treatment B—A B—-C
(A) (B) (©)
: )
I 25 84.36-+6.72 |154.72+7.82 | 70.504-1.10 | P<0.00005 | P <0.00005
(6)* (10) (%)
I | 30 62.98-4-6.91 | 143.32-+-5.59 | 82.35+9.80 | P<0.00005 | P<0.00005
| @) AHIT @)

* The figures in brackets show the number of tests carried out.

If we analyse the data from table 1, we find the following facts : first,

before thiourea treatment, the oxygen consumption of the ngolluscs accli-

 mated to 25°C is larger than that of those acclimated to 30°C. Indeed, 1?

we compute the percentual difference between the relative mean values

(84.36 and 62.98 ml. O,/kg./h.) we find that, at 25°C, the oxygen consump-
tion is by 33.94 9, higher than at 30°C.
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_Another finding is that under the conditions of both temperatures,
thiourea treatment produces a considerable increase in the oxygen con-
sumption of molluses. In percentage this increase is of 83.409, for the
molluses acclimated to 25°C and 127.56 9, for those acclimated to 30°C.
As a matter of fact, these important differences between the metabolic
level prior to the treatment with thiourea and the one during the treat-
ment, are reflected in the corresponding P values. Indeed, in both cases
P,_, < 0.0005. :

Finally, we find that even after the first 24 hours from the cessation
of thiourea administration, the oxygen consumption considerably decreases

80 1
70 A
60 - d
Fig. 1. — The oxygen
consumption in molluscs
(Anodonta cygnea 1..) at
25°C: A, under standard
cconditions ; B, during urea
treatment ; C, after ces-
sation of treatment.

23
S

al Oz/Kg/f
g 3

S

S

A8 1 ¢

tending to approach the initial value (variant 1) or even going below that
value (variant I). :

The results obtained in the third experimental variant, where we

investigated the action of urea (1 g./1.) onthe oxygen consumption of a lot
of molluses (composed of 8 animals) acclimated to 25°C are presented in
figure 1.

The analysis of figure 1 enables us to find that the urea treatment
(1 g./1.) produces a marked decrease in oxygen consumption of the mol-
luses acclimated to 25°C. Actually, if we compute the percentual differ-
ence between the average value of standard conditions (67.30 ml./kg./h.)
oxygen consumption and that during urea treatment (48.48 ml./kg./h.)
we find that the latter is by 27.96 %, lower than the former.

With regard to the oxygen consumption after 1 or 2 days subsequent
to the cessation of treatment, the relative average value (69.56 ml. /kg./h.)
is very close to the original average value (67.30 ml./kg./h.).

DISCUSSION

In contradiction with the hypothesis on which we started our in-
vestigationg, no reversal of the impact of thiourea on the oxygen con-
sumption of molluses (Anodonta cygnea) occurred at high temperatures:
(25° and 30°C), as it happened in the case of fishes [4]. Indeed, the molluses
reacted to the thiourea (1 g./l.) treatment in the same way as those accli-
mated to 5°C [6], i.e. by an increase of their energy metabolism.
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This identity of reactions under very different thermic conditions re-
fers only to the direction of the metabolic effects of thiourea and not also to
their amplitude, which differs depending on the acclimation temperature.
Thus, whilst in the previous experiments [6] thiourea treatment given
to molluses acclimated to 5°C produced an increase of approximately
600 % in their oxygen consumption, the same treatment given to molluses
acclimated to considerably higher temperatures (25° and 30°C) produced
much lesser hypermetabolic effects (83.409, and 127.56 %, respectively).

The above stated facts, corroborated with the findings of similar
research works carried out by us [3], enable us to assert that, broadly
speaking, in molluscs the amplitude of hypermetabolic effects of thiourea
decreases in parallel with the increase in the temperature of the setting.

Another fact which, by its seemingly paradoxical character, arouses
a certain interest is that, under standard conditions, the oxygen consump-
tion of the molluses acclimated to a lower temperature (25°C) is by 33.949,
higher than the consumption of those acclimated to a higher temperature
(80°C). Far from being paradoxical, the metabolic depression occurring
at 30°C is wholly explicable by the fact that in the case of the relative ani-
mals this temperature goes beyond the border of applicability of the law
which states that in poikilotherms the metabolism increases in parallel
with the increase of temperature.

In support of this statement we would mention the fact that during
the period of acclimation to 30°C some of the molluses died, which means
that this temperature is very close to their limit of thermic endurance.

After seeing that the broad outline of our investigation showed that
thiourea, irrespective of temperature, produces an increase in the energy
metabolism of molluses, it was but natural that we directed our attention

~ to the action mechanisms of this substance. Since the global energy meta-

bolism reflects the cellular energy metabolism, we have to admit that
thiourea exerts a direct stimulating action on the latter. We believe that
since the molluses have no thyroid gland, this primary action of thiourea
is not affected by the intervention of other mechanisms which have their
starting point in this gland as is, probably, the case with higher animals
where — as it is known — thiourea produces a decrease in the energy
metabolism. :

The presence of sulphur in the thiourea molecule seems to justify
the hypothesis according to which this substance stimulates the tissue
respiration since —as known —sulfhydryl groups ( — SH) play an important
role in the enzymatic mechanisms of the respiratery chain [9].

An indirect proof supporting the fact that the sulphur is responsible
for the hypermetabolic action of thiourea in molluses, is supplied by the
results of our experiments in connection with the impact of urea on the
oxygen consumption of these animals. Indeed, urea which has an almost
identical chemical structure with thiourea, except for the sulphur which
is absent, no longer produced an increase in energy metabolism, eviden-
cing — on the contrary — a decrease of the latter.

An at least partial explanation of the hypometabolic effect of urea
was offered by the results of investigations carried out by Dita Cotariu
[1] who found that in the striated musculature of vertebrates this substance
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considerably reduces the activity of malic dehydrogenase which is an

enzyme playing an important role in the oxidative metabolism.

 This interesting finding suggests the idea that the hypermetabolic
action of thiourea may be due — at least in part — to the stimulation
by this thioderivative of the activity of the same enzyme.

CONCLUSIONS

1. Inthe molluses investigated by us, acclimated to two different
temperatures (25° and 30°C), the treatment with thiourea (1 g./1.) produced
a considerable increase in their oxygen consumption: +83.409%, at 25°C
and +127.56 9%, at 30°C.

' 2. With the same species of molluscs acclimated to 25°C, urea, admin-
istered in the same way and in equal dose (1 g./l.) determined a decrease
in the oxygen consumption (—27.969,). :

3. With both substances, the oxygen consumption of molluscs tends
to revert to the initial values 24 hours affer cessation of treatment.
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The authors have followed the metabolism of the caroteno-lipid complex in the
egg’s vitellus of Leplinotarsa decemlineata Say. They have observed that during
embryogenesis this complex is more active than, the other lipid complexes.

Cheesman et al. [3], in their work entitled Carotenoproteins in inver-
tebrates, have shown that besides real carotenoproteins — resulting from
a stoichiometric association of carotenoids and proteins — the possibility
arises to make lipoproteic combinations in which the prosthetic-lipid
group should contain carotenoids in a non stoichiometric amount. In thig
case, the prosthetic group would not present any specific interaction
with the protein, while the carotenoid would include a number of differ-
ent molecular forms. ;

As a matter of fact, the structure of these complexes raise the problem
of their possible role in the animal’s life.

Certain works touching upon this problem contend that in eggs
of invertebrates caroteno-proteins play the role of vitamin A. Currently,
however, the presence of this vitamin has been spotted in the hemolymph
of certain insects [6]. On the other hand, the association between carote-
noids and reserve lipoproteins makes for the stabilization of the structure
of lipid layers of internal and external cellular membranes with significant

‘repercussions, as in the case of ovum maturation, when such membranes

become permeable, transferring critical but necessary material to pro-
duce the egg [3].
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Our group has attempted to find. out whether the caroteno-lipo-
proteic complex in the vitellus of Leptinotarsa decemlineata Say is able
to support changes during the embryonic development.

MATERIAL AND METHOD

Work was conducted on eggs freshly brought from the field. After having been selected
according to the colour they took at various stages of their embryonic development [4], the
eggs were washed in water running through a sieve with pores of 0.143 mm. in diameter, with a
view to removing impurities. The remaining water was carried away by a rapid flow of absolute
ethanol. The eggs were then dried on filter paper, each time for the same interval. For analysis,
out of the material thus prepared, the required amount was weighed up.

In this material the following substances were measured : total lipids [1], free and este-
rified total cholesterol [10], glycerides [7], phospholipids [8], free and esterified total fatty
acids [1] of eggs freshly laid (yellow eggs), of eggs already in the third stage of their embryonic
development (vermiform stage — red eggs) and of brown eggs showing the larva to be in the
fifth stage of its development, when the head is joined to the cephalic region and when in the
thoracic region rudimentary wings begin to emerge. At the same time, out of this material,
carotenoids were exhaustively extracted with acetone. The extracts were subjected to the same
analyses as the egg itself. In addition, pigments making up the carotenoid total extract under-
went ehromatographic separation on an activated Al,Og column. Before being chromatographed
the extract was transferred from acetone to lightpetroleum, dried on anhydrous SO4Na, and
photomeasured at 450 myL and 20°, in order to calculate the amount of carotenoids [2], by using
a Beckman DB spectrophotometer.

The control of the stage of embryonic development was made both by histologic means
and by separating pigments on column chromatography, the emergence of certain oxygenated
forms indicating a particular embryonic stage [4].

Since from the extract of total carotenoids different pigment forms were isolated without
any prior separation from the lipid with which it was combined, we proceeded to check this
complex by IR recording (Unicam SP 200).

RESULTS AND DISCUSSIONS

There are very few studies concerning lipid metabolism in insects
and still fewer to approach the embryonic period. This is the reason why
we have not been able to make comparisons. Never theless, analyses done
on total lipids in the egg of Leptinotarsa virtually reveal that the develop-
ment of embryogenesis follows, during the same period [9], almost the
same way as that pointed to in literature for lipid metabolism in insects.

It should be recalled that Doriphorus consumes almost 129, of the
total lipids over the period of its embryonic development (Fig. 1a), which
in comparison with the findings recorded in literature for other insects
[9] shows a smaller consumption of lipids. It may be said that Doriphorus
— an insect feeding especially on glucides — has as its main and direct
source of energy glucides rather than lipids. !

But the thing we are particularly interested in is the evidence that
lipids combined with carotenoids in the big caroteno-lipo-proteic complex
shows the same metabolic development as does the whole ege.
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Out of the total lipids, as much as 179, are consumed from the mo-
ment of egg laying to the moment of almost complete formation of the
Jarvae. This observation enables us to infer that lipids combined with
carotenoids are more reactive than lipids associated to or combined with
other molecular forms (Ifig. 1b). _ i

Total fatty acids, particularly those in the cavrotenow—hp.ld _complexj,
confirm the data found for total lipids (Fig. 1a and 1b). Their disappear-
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ance during the time of complete organization of the embryo (red egg-
brown egg period) coincides with the sharp decrease of phospholipids
(Fig. 2) and of carotenoids (Fig. 3), revealing the active participation of
both partners — lipids and carotenoids — in this process.

Indeed, IR recording of various pigment forms during the many
stages of embryonic development points to their clear participation.
Particularly noteworthy is the fact that during this evolu’mpn there
occurs a modification in their spatial conformation. For mstaﬁee, in yellow
eggs all the pigments get the “cis” form (band at 1380 cm. “a.ss’ﬂgned to
the deformation of the methyl group vibration on a “eis —double
bond in the aliphatic system) [5], in the meantime some of them turning
into the ‘cis”-“trans’’ form (band near 965 cm.“l) [5]. T}%}ls., the pig-
ment we have spotted as being monadoxanthin is actually “cis” in the
freshly laid egg, staying as such up to the vermiform stage of t:he larva
(red egg) when ‘‘cis-trans’ clearly appears in the 4th larval stage (when
the three body regions have been formed). At the same time, in the freshly
laid egg this pigment presents a certain esterification (stretﬂlmg frequency
of the unconjugated ester carbonyl function near 1735 em.™") [5] as Well‘ as
an OH™ amount, which in the red egg stage probably grows along with
the development of a more intense esterification (I'igs 4 and 5).
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It may be said that the new larval tissues, according as they emerge,
need the presence of special lipids with certain types of fatty acids. In

this case the results obtained on analysing the full extract would represent .

the average of those two kinds of utilization.
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Fig. 6. — Infra-red recording of monadoxanthin from brown eggs.

Apart from this, total cholesterol, free or esterified with carotenoids
or other molecular forms, is also consumed during the metabolic process
of embryogenesis.

It should be noted that cholesterol esterified both with carotenoids
and with other forms of vitellus is of a bigger amount during the period
that starts with cellular multiplication and lasts up to the moment of
vermiform larva organization already containing somites. This esterifi-
cation is in line with the quantitative increase of carotenoids.

Since the appearance of somites up to the moment when the larva
becomes fully organized (5th stage) — that is over the red egg-brown
egg period — these esters are extensively consumed (Fig. 7). These forms,
and implicitly the total cholesterol reach values very near to those of
freshly laid eggs. :

In between these two extreme stages of embryonic development
no difference inthe total amount of cholesterol — and thereby in its free
and esterified forms — seems to exist, although, in the meantime, it
varies quite significantly (Fig. 7). :

Glycerides are lipid forms that are least consumed and the metabolic
modifications they undergo are rather non significant (Fig. 8).

The consumption of Jipids during the insect’s embryogenesis is no
ground for saying that it represents a primary energetic source or that

T
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it is only a corollary to glucides probably consumed as the chief energetic
terial.

"3 The actual decrease of carotenoid combinations and particularly of

esterified forms makes us suppose that there is an evident and active

pa,rticipa,tion of the -caroteno-lipid complex — which constitutes the

caroteno-lipo-proteic group of lipoproteins in the egg vitellus — to the

formation of Colorado beetle embryo.
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- activity than white ones, while the level of GPT does
- type of muscle [2] [3]. However, other data seem to

K

cially

. ine the GOT and GPT
- to those of the lateral white muscle, of the internal adductor of the pecto-

" IRANSAMINASE ACTIVITIES IN MUSCLES AND LIVER

OF THE CARP

BY

C. WITTENBERGER and RODICA GIURGEA

Glutamate-oxaloacetate (GOT) and glutamate-pyruvate (GPT) transaminase
activities were determined in lateral white (W), lateral red (R), and pectoral fin ad-
ductor (P) musecles, and in live'r, in normal and longly starved carps. Tissue gly-
cogen content was also determined. In normal fishes, GOT activity of the muscle
tissues is much higher than that of GPT; in the liver, GPT has a higher activity.
“Among the three muscle tissues, highest activities are found in R. In starved
fishes, muscular GOT decreases, GPT increases ; liepatic GOT increases, GPT
decreases. Glycogen content drops during starvation only in R and L. The hypo-
thesis of a muscular gluconcogenesis in R, via GPT, during starvation, is put
forward.

i The activities of glutamate-oxaloacetate transaminase (GOT, EC
2.6.1.1.) and of glutamate-pyruvate transaminase (GBI HCL2:6.1:2.)
~are well studied in various mammalian tissues. In skeletal muscle activi-
ties are lower than in heart or in liver, especially as far as GPT is concern-
ed [10]. There are data showing that red muscles have a higher GOT
not depend on the

y show that both acti-
Vities are somewhat higher in tonic muscles [4].

There are few data on transaminases in lower vertebrates, and espe-
few in musecular tissues of fish [6].

: The lateral red muscle of fishes is in many respects sharply different

f}“om the general type of vertebrate red muscles [13], exhibiting metabolic
Similarities with the liver [1]. The aim of this investigation was to deter-

activities in this peculiar muscle, as compared

j\rapl fin (ordinary red muscle), and of the liver.
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MATERIAL AND METHODS

Experiments were made on hatchery carps, weighing 250 —350 g. The fishes were main-
tained in tanks with running water, at 10 —14°C, without food. Two series of experiments were
performed : on ¢ normal” fishes, which have spent one month in the tanks, and on starved
ones which have been maintained under these conditions during 12 months. All the experi-
ments were made in November.

Immediately after decapitation of the fish, samples were taken from the lateral white
muscle (W) of the epaxon part of the caudal peduncle, from the lateral red muscle (R) of the
caudal paduncle, from the internal adductor muscle of the pectoral fin (P), and from the lobe
of the liver (L) near the gall bladder. The samples were homogenized in a mortar with 10 cm3.
of saline for W, R, and P, and with 20 em3. for L. The following saline was used : KCl 180 mM,
MgCl, 5 mM, p stassium phosphate buffer 10mM ; pH was 7.4. Enzyme aclivities were determin-
ed on the supernatant fluid of the tissue homogenate, after sedimentation without centri-
fugation [9]. The glycogen content of the same tissues (except P) was also determined [7].

RESULTS

Our results are given in tables 1 (GOT), 2 (GPT), and 3 (glycogen).
Enzyme activities are expressed in micrograms of pyruvice acid per mil-
ligram of wet tissue weight during an incubation of 60 min. for the GOT,
of 30 min. for the GPT, at 37°C. ,

Table 1

GOT activity of carp tissue homogenates, in micrograms pyruvic acid produced per milligram of wet

tissue weight per hour. Values are given as meais + standard errors; in parentheses, number of indi-

viduals. W, white muscle; R, Iateral red muscle; P, internal adductor musele of the pectoral fin; L,
liver; N, normal, 8, starved fishes; D%, poreentage differsnce hetween N and S3 p, ‘probability

W R p ‘ I

| : ‘
N 494--32 (10)| 3000--168 (10) | 19891133 (10) | 1067485 (10)
S 8445 (9) 108412 (9) | 134424 (9) 5753 +268 (7)
DY —83 |- 96 | —93 4439
plbloo T < 0s001 | <0.001 | <0.001
Table 2

GPT aclivity of carp tissue homogenates, in micrograms pyruvie acid produced per milligram of wet
tissue weight per 30 min. Allother details as in table 1

I
|
W i R i P f I
l ‘i
N 6146 (12) | 10748 (12) {iagoi 34 (12) 15214141 (12)
S 213+19 (10) : 20834-204 (9) l 53446 (6) 452441 (10)
D 9%+ 249 ] 1847 | +642 — 170
p <0.001 <0.001 i <0.001 L <6.001
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As one can see from tables 1 and 2, the activities of the investigated
enzymes are hlghly different in various tissues. In normal fishes, the acti-
vities decrease in the following order :

for GOT.: B >P S0, W .
ot GERL ¢ 102 >R = P =W

In all muscle tissues, the GOT activity is much higher than that of
GPT, while in the liver an inverse situation is observed.

In long-starved fishes, the activity ratios are drastically modified.
In muscles, GPT activity is now much higher than GOT one ; conversely
in liver the former drops below the value of the latter. ’

The glycogen content strongly decreases during the starvation
only in R and T (Table 3). i

Table 3

Glycogen content of carpjissues, in micrograms per milligram of wet tissue
weight. All symbols as in table 1

W 1‘ R - L

|

N 2.80-40.19(7) | 16.341.7 (7) 161.0-+11.7 (7)

S 2.4440.40(10) | 10.140.7 (8) 61.6£5.4 (9
D% —13 | —38 —62 o
p >0.05 J <0.01 <0.001

DISCUSSIONS

: Our results indicate a distribution of the transaminase activities
which is much different from that kncwn in higher vertebrates. In mam-
malian tissues the GOT activity is higher than, or at least equal to that
of GPT, and both are higher in liver than in skeletal muscle tissue. The
ratio of enzyme activities in white and red muscles, kncwn in mammals
and birds, is found also in fishes, as far as the GOT is concerned. This is
true if we compare W both to P and to R. The P is kncwn as a musele in
the structure of which red fibres make up the majority. It has typically
tonic properties [6]. The R possesses peculiar structural and metabolic
characteristics. It is to be stressed that clear-cut differences appear be-
t_vveen the two red muscles (P and R) concerning transaminases : in normal
fishes, both activities tested are 1.5 times higher in R than in P.

We have shown an inversion of the ratio of the two enzymes during
Starvation ; this is true for both muscular and liver tissues. As far as we
know, such a reversal has not yet been put into evidence. In the pectoral

‘uscle of the pigeon a light decrease of the GPT activity during starvation

has been described, but without any change in GOT [2]. Conversely, i

the l1ve_r of fasted rats both alanine and glugamine conce[n%rations deecl)’e’a,ls%
[8]; this shows an intensification of GPT activity. The same conclusion
may be drawn when GPT is inhibited : the alanine concentration of the
liver increases much more in starved than in normal rats, hence the GPT

activity has been initially higher in the former case [11]. During starvation,
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an imperious need for enhanced gluconeogenesis is felt by the organism,
and the liver has the task to meet this need. It results that, in mammals,
the transaminase participating in hepatic gluconeogenesis during starva-
tion is the GPT.

The picture we obtained in the carp is different. Several hypotheses
may be put forward to explain this difference. If we agsume that among
the carp tissues studied the liver is the unique site of gluconeogenesis during
starvation, we must accept that the transaminase involved is GOT ; in-
deed, the activity of this enzyme increases in the liver more than 5 times
during starvation. On the contrary, if we assume that the gluconeogenetic
transaminase is, in fish as in‘higher vertebrates, the GPT, we should admit
that the enhancing of this process in fasted carps takes place not in the
liver, but in the musecles. In this respect, the nearly 20-fold increase of
GPT activity in R should be stressed. Of course, there is no strong evidence
that enhancing of gluconeogenesis occurs at all in starving fish.

It is interesting to note that the long lasting starvation did not modify
significantly the glycogen content of the W. This represents about 15 %
of the total glycogen of the fish body, in 1 — 2-year-old carps. On the
contrary, glycogen content of L (about 80 %) and of R(4—5 9,) are strong-
ly affected. It- seems that the fasting organism sacrifices the carbo-
hydrate fuel reserve of R and L, maintaining at a constant level, as long as
it is possible, that of W. This might support the view sustained by one of
us, concerning the mainly non-locomotory function of the lateral red
muscle in fish [12]. It is also to be observed that the modifications of
transaminase activities do not parallel the changes of glycogen content
of the respective tissue.
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troubles, determined by the absence of br

‘to investigate the structural modifications of the thyroid i
after hemispherectomy. DOl

MODIFICATIONS OF THE THYROID AFTER
HEMISPHERECTOMY IN PIGEONS

BY

TIBERIU PERSECA and MARIA CADARIU

Hemispherectomy in pigeon produces ponderal modifications in thyroid. After
_ hemispherectomy there develops a goiter 13 times heavier than the normal gland.
The goiter is parenchymatous, non-homogencous, hyperplastic, with numerous
degenerative cellular lesions which are maximal a month after the operation. At
_ the same time with the development of the goiter, the number of thyrotropic
cells in the hypophysis increases and their activity intensifies.

~ The effects of hemispﬁerectomy were investizated in bird )
Cate [10] and Baiandurov [1]. g In birds by Ten

Their investigations concern metabolic alterations, which are cor-
related with some neuroendocrine disturbances.

In our former researches there was found a delay i
) : the ; y in the development
of the gonads and in the beginning of the sexual behaviour in males, as
well as in the egg-laying in females [1].

Supposiqg that metabolic modifications and those connected with
the reproductive function appear as a consequence of some endocrine

ain hemispheres, we proposed

MATERIAL AND METHODS

! The experimen‘ts were carried out on females of Columba livia, hemispherectomized at
the age of 3 months. We extirpated both cerebral hemispheres, as shown in figure 1. After a week,
Wo weeks, a month and a year we took out the glands and investigated them in comparison to

I?EV. ROUM. BIOL. — ZOOLOGIE, TOME 18, NO 6, p. 445—449, BUCAREST, 1973
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controls from animals of the same age and kept under identical conditions. The freshty
removed glands were fixed in Bouin’s fixative and then 6 . slices were stained in trichrome
azan. After hemispherectomy the thyroids underwent an accentuated hypertrophy, which

determined us to estimate their weight.

RESULTS

In figure 2 the form and size of a thyroid lobe from a control animal
(a) are shown in comparison with thyroids of animals hemispheroctomized
since a week (b), a month (¢) and a year (d). After operation there isa
progressive hypertrophy of the gland.

In the following we present the histological aspect of the thyroid in
control and hemispherectomized animals.

In controls the thyroid lobe weighs 17.5 mg. The follicles (Fig. 3)
have different sizes, their diameter ranging between 27 and 80 p. Most of
the follicles have a diameter of about 80p. The height of the epithelium
reaches 5.55 p.. The lumen is full of colloid, with a border slightly crenellat-
ed by the resorption vacuoles. Most of the follicles have old and fresh
colloid. :

The general aspect of the gland suggests a moderate activity.

In pigeons hemispherectomized since a week, the thyroid lobe
weighs 17.6 g. The gland has a non-homogeneous aspect (Fig. 4), as in
the middle it contains microfollicles with a diameter between 16 and
18 p, while at the periphery of the lobe persist large follicles. The height
of the follicular epithelium increased to 9 p., that is almost twice the con-
trol. The colloid decreased, having numerous resorption vacuoles. There is
a hyperaemia of the blood vessels. ]

The histological images show that a week after hemispherectomy the
thyroid has become more active.

After two weeks strong structural modifications appear in the thy-
roid gland (Fig. 5), the aspect being more homegeneous due to the more
uniform follicles. The follicular epithelium reaches 15 p., nearly 3 times the
control. Numerous nuclei are in mitosis (Fig. 6).

The basal cytoplasm of the epithelium cells suffers a strong vacuo-
lization, which in some follicles leads to a separation of the epithelium from
its basal membrane or even to its desquamation. The follicles are deprived
of colloid. The hyperaemia of the blood vessels persists.

Two weeks after hemispherectomy there develops a parenchym-
atous, hyperplastic goiter without colloid, with hyperaemia, in which
degenerative cellular lesions begin to appear.

A month after hemispherectomy, the thyroid lobe reaches the weight
of 78 mg., i.e. four times the control. The histological aspect is profoundly
modified as compared to the preceding lots. The thyroid gland takes again
a non-homogeneous aspect (Fig. 7). At its periphery persists a reduced
number of normal microfollicles without colloid, but the major part
(about 80—909%,) of the gland is made up of microfollicles with an altered
structure. Their epithelium is desquamated, so that the follicular struc-

PLATE I

Fig. 1. — The brain of a normal («) and a hemispherectomized pigeon (b),
sectioned at the interhemispheric level.

Fig. 2. — The thyroid lobe of a control animal (a), an animal hemispherecto-
mized since a week (b), a month (c) and a year (d).
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3

ture of the gland is hardly recognizable, rather by the conjunctive inter-
follicular septa and the dilated capillaries. Some nuclei of the desquamated
epithelium become pycnotic. The colloid is absent. Thus, a month after
~ hemispherectomy the hypertrophy of the gland increases. The histological
f picture shows 2 non-homogeneous goiter, formed of many microfollicles
with a desquamated epithelium and numerous degenerative cellular le-
i sions, as well as of some normal macrofollicles at the periphery of the gland,
§ without colloid and with hyperaemia of the blood vessels.

A year after hemispherectomy, the thyroid lobe reaches a weight

' of 230 mg., 13 times that of the control (Fig. 2 d). The non-homogeneous
‘ aspect of the gland persists and is even accentuated.

The interior of the gland is formed of microfollicles, some of them
normal, but the great majority presenting degenerative cellular lesions
due to the detachment of the epithelium from its basal membrane or to

" the desquamation of the epithelium which falls in the follicular lumen,
the same as in animals hemispherectomized since a month. Interesfing
is the periphery of the gland with unusually large, hypertrophied follicles
(Fig. 8). The secretory and absorptive surface of the follicular epithelium

| has increased not only by the hypertrophy of the follicles, but also by its

. folding. The height of the hypertrophic follicles is 13 w. The colloid is

missing or is in a very small quantity, being strongly resorbed on the borders.

The vasodilatation is so intense, that there are extravasations, the

blood invading even some thyroid follicles. The histological pictures
i - show that a year after hemispherectomy there occurs a parenchymatous,

j - hyperplastic, non-homogeneous goiter with degenerative cellular lesions

~in the interior of the gland and with hypertrophic follicles at the peri-

! ; phery, without colloid, accompanied by vasodilatations and extra-

vasations.
~ The thyroid activity is under the thyrotropic control of the hypo-
physis [8]. After Tixier-Vidal et al. [11], who studied systematically the

; cell types of the pigeon hypophysis, the delta basophil cells, stainable with

| aniline-blue, are implicated in the secretion of the thyrotropic hormone.

After hemispherectomy a series of modifications appear at the level

* of the delta cells in the hypophysis. There is an increase of their number

. and they become hypertrophic. The most remarkable manifestations

appear two weeks after hemispherectomy, when the cells present the most

evident signs of activation. They become hypertrophic, their large nucleus

~ has a voluminous nucleolus, while the cytoplasm degranulates progressively

and finally undergoes a strong vacuolization. The vacuoles, small at first,

fuse and form 1—2 big vacuoles which push the nucleus and the cyto-

plasm to a side of the cell (Fig. 9). At the same time with the cytoplasm

vacuolization, the nucleus shows signs of exhaustion, the nucleolus de-

creases and finally the normal structure of the nucleus is altered and we

- a88ist to the destruction of the cell by holocrine secretion. These aspects
reveal an accentuated hypersecretion of the thyrotropic hormones.

i ;
‘ I A year after hemispherectomy the thyrotropic activity of the hypo-

physis persists. The hypertrophied delta cells remain in a great number,
with a tendency to degranulation, but pronounced vacuolizations and mani-
festations of holocrine secretion are no longer occurring.
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DISCUSSIONS AND CONCLUSIONS

7y

Our researches show that in birds hemispherectomy has profound

influences on the thyroid gland. After hemispherectomy a goiter appears
which develops progressively, so that a year after the operation the weight
of a thyroid lobe becomes 13 times greater than that of a control animal.

The histological examination shows that the goiter has a parenchym-
atous, non-homogeneous, hyperplastic character, without colloid and
with numerous degenerative cellular lesions. The intensity of these alter-
ations becomes maximal 2 month after hemispherectomy. The goiter

is accompanied by vasedilatation, that after a year leads to extravasation

and infiltrations of blood in the thyroid follicles.

The histological examination of the hypophysis explains the appear-
ance and the excessive development of the goiter. After hemispherectomy
the number of the thyrotropic cells increases and they become hyper-
secretory. The hypersecretion of the thyrotropic hormone seems to attain

the maximum, even anarchie, intensity two weeks after = hemi-

spherectomy.
Our results are in concordance with those obtained by other authors

[5], [8]. This shows that the function of the thyroid is at a great extent .

controlled by the hypothalamic-hypophyseal system, being dependent
also on the integrity of other zones, situated beyond the hypothalamus.
The extrapyramidal zone and the rhinencephalon intervene, as stated for
rats [3], [5], in the control of the thyrotropic hormone secretion, their
destruction leading to a strong discharging of the latter. Lupulescu et
al. [3] suppose the existence in these zones of some centres which in-
hibit the TSH secretion of the hypophysis and whose destruction leads to
a massive discharge of thyrotropiec hormone.

By analogy, we suppose, since we extirpated these regions, that the
mod1f10at10ns described by us in the thyroid gland have similar reasons.

Our results are contrary to the findings of Lizzi et al. (quoted by 4

[1]) and to the suppositions of Baiandurov [1] who considers that the
pituitary is not involved in these processes.
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INTERSPECIFIC HYBRIDS BETWEEN KURDISTAN
STER (MESOCRICETUS BRANDTI) AND GOLDEN
HAMSTER (MESO CRICETUS. AURAT Us)

BY

>, RATOU, MARIUCA NICOLAESCU and MARIA KIRILLOVA

~ Irom crossings between Mesocricelus brandli Y and Mesocricetus auralus 3 hy-
brids were obtained which presented characters intermediate between the parents, :
~ having the chromosomal number (2n = 43). The karyotype presents two distinct
~ chromosome sets corresponding to those in the two parent species. In the male
~ meiosis we could identify only prophase I probably because of the absence of
% homology between the chromosomes of the two species. The sex-chromatin in g
male is rather frequent. The karyotype and the idiogram in Mesocricelus brandli

~ were also performed. ¢

The hamsters became lately first order laboratory animals because
ome important characteristics : they can be easily bred and multiplied,
they reach soon the maturity, they can be inbred, they give lines of a
igh homozygosis level, and they have chromosomes fit for the cyto-
etic researchoes. The first species of hamsters introduced into the labora-
was the golden hamster (Mesocricetus auratus), after which followed
Chinese hamster (Cricetulus griseus), the Romanian hamster (M. new-
) and recently, the Kurdistan hamster (M. brandti).

Recently there were also obtained some interspecific hybrids be-
en: M. auratus x M. newtoni, by Raicu and Bratosin [5], Raicu,
mescu-Varo and Duma [6], Todd et al [9]; M. newtoni X M. brandti,
Raicu et al. [8]; M. mnewtoni X M. brandti, by Todd et al. [9].

Taking into account that the hybrid animals present a great impor-
ce for the immunologic studies and for those referring to the homology
he chromosomes and the relationship level between the various species,
necessarily considered to continue our researches begun in 1968 con-
erned with the hybrids production and with their cytogenetic investi-

2
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MATERIAL AND METHODS

Animals originating from the colony of the Genetics Department, University of Bucharest,
belonging to the species : golden hamster (Mesocricelus auratus) 2n = 44, Kurdistan hamster
(M. brandti) 2n = 42, and the interspecific hybrids from F; (2n = 43), were used.

We made comparative researches on the karyotypes of the two species and of the hybrid
animals from F;. We also performed the idiogram of the species M. brandli and we studied the
meiosis in the hybrid animals M. brandti Q % M. auralus 3. The reciprocal hybridization failed.

The method used was the following : the animals were injected i.p. with a 0.04 9, col-
chicine solution two hours before killing. Bone marrow from both femurs was used. The obtained
cellular suspension underwent hypotony treatment with 0.75 9% citrate solution of Na, fixation,
in methanol acetic acid (3 : 1) and the preparations were carried out according: to the usual
air drying technique. The preparations were coloured with a Giemsa solution.

The meiosis was studied in the testes which were immersed in a hypotone citrate solu-
tion of Na, and were then fixed and coloured as we have described above.

The sex chromatin was studied in the hepatic cells, the material being fixed in methyl
alcohol — acetic acid (3 :1) for 30 —60 minutes. The fixed material was passed in two successive
baths of alcohol 50 % and 709 and then hydrolized in a 4 N HCI for 12 minutes at room
temperature. :

The preparations
cresyl violet solution.

In order to carry out the idiogram of M. brandli we performed 10 karyotypes for each
sex, we made measurement studies and we classified the chromosomes in different types in
relation to the arm ratio (long/short) according to the nomenclature established by Levan,
Fredga and Sandberg [3].

were washed in distilled water and then coloured several times in 1 %

RESULTS AND DISCUSSION

The interspecific hybridization between M. brandti Q@ and M. auratus
g is very difficult and the number of offsprings is very small. Thus, for
a total of 10 females mated and submitted to copulation, we have obtained
only 4 hybrids, that is 0.4 offsprings for a female. N ormally in the paren-
tal species the number of offsprings for a female is 7—8. The phenotype of
the hybrids is intermediary hetween the parents.

For the cytogenetic study of the hybrids it was first necossary to
investigate the chromosomal complement of the parents. While in the
golden hamster the karyotype was well studied, for the Kurdistan hamster
researches were carried out only by Lehman and Macpherson [2] and Todd
et al. [9] and were not quite conclusive.

The biometrical studies of the chromosomal complement in
M .brandti (20 = 42) showed that it is made of 20 pairs of autosomes with
a length varying between 2.84 and 10.03u, while the heterosomes are repre-
sented by a metacentric X chromosome of great size (9.02p.) and by a sub-
metacentric Y chromosome of medium size (7 15u). Among the 20 pairs of
autosomes, only one (the pair 17) is made of metacentric chromosomes,
the others being submetacentric. These researches accurately permitted
to establish the types of chromosomes and respectively the idiogram. They
demonstrated, among others, that the pair number 20 is represented by’
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metacentric chromosomes with the arm ratio 2.44 and not by acro-
ic ones, as stated by Lehman and Macpherson [2] and Todd et al. [9].

The meiosis study in the male of M. brandti showed that ip the first
aphase and in the diakinesis the chromosomes form 21 bivalents of
ifferent types : ring, cross, rod. As regards the sex chromosomes, they
ent an end-to-end type of association similar to that produced in
auratus, which was studied by Fredga and Santesson [1], and to that
ied by Raicu, Nicolaescu and Kirillova [7] in M. newtoni.
Mesocricetus auratus species presents 2n = 44, the chromosomal
plement being made of 21 pairs of autosomes out of which 17 pairs
meta-, submeta- and subtelocentrics and four pairg of metacentrics,
ile. the heterosomes X and Y are submetacentric.
The male hybrids present an intermediate number of chrqm_osomes
= 43) between the parental species, their karyotype permitting the
curate identification of the two chromosomal groups of different origin.
concerns the heterosomes, the X chromosome is a big metacentric in-
rited from the species M. brandti and the Y chromosome isa submeta-
ntric of big size proceeded from the species M. auratus.
- Because of the great size of X heterosome both in 2. auwratus and
M. brandli, Ohno [4] considered that they are formed by a duphcahqn
rocess so that they contain about 109, of the whole amount of genetic
naterial instead of 59,. That is why in the females of the respective species
e can notice the relatively frequent presence of the nuclei with 2 sex-
hromating different in size, which possibly have their origin in the hetero-
hromatinization of a whole X chromosome and of half of its homologue

T _ ; :

The sex-chromatin study in the male hybrid of 1. brandii @ x M.
uratus 3 showed a rather great frequency of the nuclei with one sex-
romatin (36.259%,) and with 2 sex-chromatins (8.22%,).

Table 1

The sex-chromatin frequency in the hybrid M. brandli @ x M. quratus g in liver

The nuclei frequency -
The num- g | "
ber of the | i
:;u(:ﬁed ‘Without sex-| With one sex-| With 2 sex- f With 3 sex-
nuclei chromatin = chromatin | chromatins ‘ chromatins
I
» \ ‘.
| B |
5961 1063 . | 709 [ 161 23
& ‘ L
100 % 54.36 36525194 8.22 | 1.17

The sex-chromatins result from the heterochromatinization and the
netic inactivation of half of the X duplicated chromosome, which is
IS0 of a great size. ~ ' e

~ Our researches concerning the meiosis in the interspecific male
ybrid permitted the identification only of prophase I and failed to recog-
%6 any diakinesis or metaphase I, or any other subsequent phases. The
sence of a homology between the chromosomes of the two species ex-
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plains the impossibility of the bivalents to be formed during meiosis and
the fact that the reductional division isstopped before metaphase I. Con-
sequently, the hybrids are sterile and all our attempts to use these males
for the back cross with females from the two species did not succeed. The
spermatogenesis in hybrids is likewise absent. These researches are in
agreement with our previous studies [6] [8] carried out in the hybrids
M. newtoni X M. auratus and M. newtoni X M. brandti, which demonstrat-
ed the sterility of the hybrids and its eytological and histological causes.

We can therefore conclude that the hybridization test demonstrates
that the species used as genitors in the respective study are distinet,
well-individualized species from the genetic point of view. The comparative

study of the karyotypes of the two species confirms our supposition.

Table 2

The biometrie study of karyotype in Mesocricetus brandti (2nm=42)

Chromo- Sbscllie S hEh LY Relative LA i Chromo-
some Mearti Vi s length, A“Ti,lsano | some
No. Sandard, 3 - Error Limits mA4+X)%0 I 1 type
Sl 10.03 + 0.20 7.63—13.46 67.20 2.13 I SM
2 9.15 + 0,28 6.92—11.92 61.31 2.13 . SM
3 8.84 4+ 0.19 6.64—11.15 59.23 2.15 i SM
4 8.40 4 0.16 6.54—10.38 56.28 2.17 | sM
5 8.36 + . 0.22 6.54—9.80 56.01 2.27 SM
6 7.96 4 0.16 5.96 —9.61 53.33 2.33 SM
7 7.95 + i 0.26 6.16—10.00 53.28 2.39 SM
8 7.73 + 0.16 5.38—9.61 51.79 2.24 SM
9 Peddsil Sia T 1048 5.76 —9.61 19.85 2.10 SM
10 7.30 4+ 0.15 6.16—10.00 48.91 2.38 i SM
11 7.25 4- 0.14 5.57—8.84 48.57 2.25 [FHESN
12 7.01 4+ 0,13 5.38—8 84 46.97 2.16 [ SM
13 6.60 - 0.13 5.38—8.04 44.22 2.20 SM
14 6.34 - 0.37 5.19—7.50 42.48 2.18 SM
15 6.10 4+ 0.13 4.61—7.69 40.87 2.19 - SM
16 5.76 + 0.13 4.23-6.92 38.59 2.15 SM
17 5.34 + 0.03 3.26—6.15 35.78 1.67 M
18 5.30 4 0.03 3.65—6.15 35.51 1.96 SM
19 4.52 4 0.11 3.25—5.76 30.28 1.76 SM
20 2.84 4+ 0.69 2.30—3.84 19.02 2.44 SM
X 9.02 4+ 0.23 6.92—11.88 60.43 1.33 M
Y 7.15 + 0.46 4,61—9.42 47.90 2.38 SM

Our previous studies in the hybrid M. brandti x M. newtoni showed
the presence in metaphase I of meiosis of 16 bivalents and 2 tetravalents,
which indicates a high level of homology between the chromosomal sets

of the two species [8].

In this way we can conclude that M. brendii is more related to
M. newtoni than M. auratus.
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Fig. 5. — Nuclei with sex-chromatin in female of M. brandli.
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PLATE IV

L
Iigs. 8 and 9.— Prophase I of meciosis in a male hybrid
Fig. 10. — Nuclei with sex-chromatin in a hybrid male
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KARYOTYPE OF TRANSPLANTABLE TUMOURS
INDUCED WITH 3,4-BENZPYRENE IN
MESOCRICETUS AURATUS

BY

AGRIPINA LUNGEANU

Subcutaneous tumours were induced by injecting a unique dose of 0.03 wg 3,4-
benzpyrene -in newborn goldén hamsters. The cytogenetic study of primary
tumours and of 60 tumours transplanted in vivo for 33 generations reveals a very
great karyotype heterogeneity. We consider that in the case of these chemically
induced tumours, the karyotype evolution occurred both by morphological re-
structuring of the chromosomes and by polyploidization. The genetic regulation
of cell division was unquestionably affected.

The cancerigenic action of chemical substances was accidentally
observed as early as the 17th century in people who had malignant tu-
mours due to the repeated contact with tar, during work of a peculiar
kind. Then, the cancerigenic action of numerous chemical substances of
quite different nature was experimentally proved on different labora-
tory animals. Among these, 3,4-benzpyrene was proved to be one of
the powerful cancerigenic substances belonging to the category of poly-
cyclic hydrocarbons. The cancerigenic action of 3,4-benzpyrene in the
golden hamster was studied by Gye and Foulds [3]. Di Paolo and co-
workers [2] have recently presented the histopathologic aspect, the hetero-
transplantability, growth capacity and karyotype of primary subcuta-
neous tumours induced by a single injection of 3,4-benzpyrene, in
Syrian hamster.

The present paper records observations concerning chromosomes
and the karyotype of tumours induced with 3,4-benzpyrene (BP) in
the golden hamster, as well as their course during in vivo transplantation.

REV. ROUM. BIOL. — ZOOLOGIE, TOME 18, NO 6, p. 457 —462, BUCAREST, 1973
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MATERIAL AND METHODS

They were described in detail in a previous work [8].

RESULTS

The cytogenetic study of 4 primary tumours was carried out and
the evolution of the tumours karyotype on a strain transplanted in vivo
for 33 passages was followed up. Subcutaneous tumours were obtained
in a 1009, proportion at the level of all passages. Out of 202 tumours in
different evolution stages that were under study, good cytogenetic prepa-
rations were obtained only in 60, as it is difficult to grasp the optimum
phase of cell division. In primary tumours, the cytogenetic study was
performed with a view to establishing the incidence of cells with different
ploidy degree. Transplantability was studied in order to follow up the evo-
lution of the tumour karyotype, to detect the moment of its stabilizing.

Primary tumours were denoted by BP2, BP5, BP6 and BP7, where
BP = benzpyrene and 2, 5, 6, 7 represent the number of the tumour in
order of the sacrification. Out of induced primary tumours, only those
four could be studied, though 90 9, of animals inoculated with the canceri-

- genic substance evinced a positive response. Strains from primary tumours
were preserved, were the detailed cytogenetic stupy and karyotype deter-
mination were performed, using them as term of comparison for transplant-

ed ones.

BP2 tumour. Removed from a female bearer, it has 13 poly-
ploid metaphases with more than 100 chromosomes, out of 48 studied
metaphases. Hypertriploidy (67—70 chromosomes) prevails in this tu-

mour.

BP5 tumour. It grew on a female animal. Out of 40 metaphases,
polyploids represent 359, having 78 —86 chromosomes. The presence of
two stem-lines is observed, rather closely grouped round aneuploidy (60 9,
of the total of analysed metaphases) as well as hypotetraploidy. The
anarchic multiplication of the chromosomes is also observed in this tu-
mour.

BP6 tumour. The bearer is a female hamster. It shows 40 di-
ploid metaphases of a total of 118 analysed ones. Polyploid cells ranging
between 80 and 88 chromosomes represent 319,. Aneuploidy is present
in a very low percentage (99%).

BP7 tumour. The tumour developed on a male hamster. I
is the only primary tumour with a high proportion of diploid cells (appar-
ently diploid) : 889%,. The incidence of polyploidy is very low as against
the other primary tumours (I'ig. 2).

Transplanted tumours. The present paper records the evolu-
tion of the karyotype in the strain originating from the BP5 tumour.
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Fig. 1. — Number of tumours studied at the level of passages carried out by in vivo transplantation and the sex of host animals.
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The working pattern for tumour grafting is shown in figure 1. The numer-
ical distribution of the chromosomes in cytogenetically studied tumours
is presented in the histograms of figures 2 and 3. To plot the distribution
of the chromosome number, passages were chosen where this character
had visible peculiarities and especially where observations were perform-

ed with the highest accuracy. Studying the numerical distributions of g - g
chromosomes it was noticed that most studied tumours were heterogeneous. [ ~ s

The sign ¢ > 100" was generally assigned to all cells with a degree of ploidy

higher than 4n, but we mention that 260 chromosomes were also reached.

The karyotyping of these metaphases was possible but chromosome multi- - - &
plication was not balanced in all chromosome pairs so that, even if numer- o g "wn g
ical values corresponded to a certain degree of ploidy, this was not 15! e | % 4 &
symmetrical. Infigure 5, attempts were made at pairing homologous chromo- e ;

somes in groups of 6, since metaphase has 134 chromosomes. Pairing was

not possible since polyploidization especially affected subtelocentric

chromosomes. Following up the histograms of figures 2 and 3, a wide - S ®
distribution of chromosome numbers is observed, starting with the pri- ' § e § w
mary tumour up to the 33rd passage. A temporary limitation of this «~ -
distribution is noticed at the level of the 19th passage, when cells with a

modal number of 58 — 66 chromosomes prevails. At this level were found

very few diploid cells (20 out of 127 ); or polyploid cells with more than

100 chromosomes (6 out 0f 127). In the following passages, however, therange ~

of the numerical distribution increased again. In addition to this numerical T el -
heterogeneity of the tumours studied by us, quite different structural y B e G o~
modifications in point of form and dimension were also observed. They ‘

were unstable, however, during transplantation. The presence of strik- L=
ing structural modifications is worthy of emphasis, such as the dicentrics L)
and polycentries of figure 7. This giant chromosome is a restructuring, - €2 s
present both in primary and in very advanced passages. Yet it has no W e ?  em

marker characteristics, varying in point of form and dimension from a ‘ : '
passage to the other, from a tumour to the other, from a cell to the other
(Fig. 7).

DISCUSSIONS

tumour.

restructurings
nt, denoted by Di in

the karyotype.

As concerns tumour heterogeneity, Hauschka [4] maintains that
it is not an intrinsic property of the tumour genome or the resultant of
the disturbed metabolism. He says that the tumour tissue cannot be inhibit-
ed by the host control, as its clonal components vary in vivo to the
same extent as non-malignant cell populations vary in vitro. Sandberg
[11], shows that the existence of a causal relationship between chromo-
somal aberrations and malignancy cannot be stated, since this would
suppose an identical genome transformation in all tumour cells. He sup-
poses that the found nuclear heterogeneity would be due to metabolic
parameters disbalanced by the cancerous condition. Levan [7] considers
that this karyotype variability is one of the compulsory phases of the
genetic evolution of the tumour. During tumour evolution, there occur
first deviations from the normal species karyotype and that karyotype
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diversity is gradually set on. It is emphasized as the tumour advances
and it serves as a material for evolution by clonal selection. Ohno [9]
points to the genetic implication of malignant somatic cells instability.
Malignant cells are not alien to the organism, deriving from normal cells.
As against somatic cells with a limited life, tumour cells acquire an expo-
nential growth capacity, tecoming organisms by themselves and being
submitted to laws that govern the organism evolution. Genetically speak-
ing, malignant cells are aneuploid. Whether aneuploidy is a cause or a
consequence of malignancy, is still to be found out. Rei Kato and Levan
[10] state that the chromosomal imbalance, both numerical and structur-
al, is one of the first signs of malignancy. Weinstein [12] admits the posgibi-
lity that all tumours in their initial development ste ge have differentiation
aberrations that do not imply permanent changes of the cell DNA. He
asserts that a very important part in ckemical cancerization is played
by RNA, where linking would be preferential.

As concerns the mechanism of maintaining structural medifications
produced by cancerization with 3,4-tenzpyrene, Lesko [5], [6] experi-
mentally proves the preferential covalent linking f benzpyrene in the
8th position of guanosine from DNA and RNA. He supposes that the pre-
ferential linking of cancerigenic substances to RNA would despiralize its
conformation, altering the interaction with amino acid RNA-synthetases,
codons and ribosomes. These changes result in a translation disturbance,
with secondary consequences in cell differentiation, regulation and au-
tonomy. Champy-Hatem [1] admits that a complex is formed between
purine bases and 3,4-tenzpyrene that results in the synthesis of ab-
normal nuecleic acid.

CONCLUSIONS

1. The transformation of a very high numkter of normal cells into
tumoral cells achieved in wivo by the chemical cancerigen 3,4-benz-
pyrene in the golden hamster is proved by the presence of a wide range of
numerical variations and chromosomal restructurings.

2. The diversity of genotypes present at different levels of neoplastic
development points to the fact that genetic disturbances form an essential
part of the cancerogenesis process. _

3. The great karyotype diversity observed by us, the maintaining
of numerical variations and of unstable chromosomal restructurings are
the cytogenetic expression of the fact that the cancerization process under
the influence of 3,4-benzpyrene affects the control mechanisms of
cell division. Thus, tumour cells no longer answer to control mechanisms
operating in their origin tissue. The organism, trying to protect itself or
to direct tumour growth in agreement to it, works out different systems
that disturb the evolution of a single tumour clone and result in the appear-
ance of competition. '

Acknowledgment. The author wishes to thank Prof. Dr. P. Raicu,
head of the Department of Genetics, for his permanent guidance, support
and help in achieving this work. '
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