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CONTINENTS, OCEAN BASINS AND FRESHWATER
ZOOGEOGRAPHY.
II. SOUTH AMERICA AND AUSTRALIA/NEW GUINEA

PETRU M. BANARESCU

- The tropical and cold-temperate South American faunas of primary freshwater
animals and aquatic insects differ sharply, the former including many exclusive
lineages shared with Africa, the latter lineages shared with Australia: there are
however also lineages shared by both South American areas (most having Austra-
lian ties), while some taxa restricted to the temperate arca have tropical South
American affinities (especially among fishes). The differences between the tem-
perate and tropical arcas of Auslralia/New Guinea are less marked ; many irans-
antarctic lineages inhabit both halves of the Australian region. The primary fresh-
warter fauna of temperate Australia is more closely related to the tropical Austra-
lian/ New Guinea than {o the South American one.

It has been demonstrated in a previous paper (6) that the distribution
patterns of thelineages of primary freshwater animals and of aquatic insects
in Africa contradicts the assertion of Croizat (11, 12) and of Parenti (33)
according to which the ranges of lineages correspond to ocean basins rather
than to continents/ : the primary freshwater fauna of western Africa actually
has much closer ties with that of eastern Africa than with that of tropical
South America that lies on the opposite side of the Atlantic Ocean. Simi-
larly, the primary freshwater fauna of ecastern Africa is more closely related
to the western African one than to that of southern Asia on the opposite
site of the Indian Ocean. On the contrary, the east African fauna of peri-
pheral freshwater animals has closer ties to the southern Asia, and the
western African one to the South American one. .

As in Africa, two main subdivisions can easily be distinguished
within the freshwater fauna of South Anerica : a tropical and a tempe-
rate/cold one. South America once had coutinental connections with
Africa on the one hand, with Australia/New Guinea and New Zealand
on the other hand ; it is presently connected with North America through
a narrow and geologically young landbridge, Central America.

Considering both recent geo-
graphy and former continental Southern Asia
connections, one would expect tro-
pical South America to have close
biogeographic ties with Africa and temperate Australio
North America and temperature/
cold South America with Austra-
lia/New Guinea. New Zealand

The primary freshwater fi-

tropical Australia/New Guinea

South America

. . L. R N Fig. 1. — Representation of the relationship of
shes of t©1 01)102!;1 South Amer 1% the Australian fauna of primary {reshwaler
belong to six higher taxa ; five of animals and of aquatic inscets,

them are also present in Africa.

Shared exclusivelyby both continents ave Le pidosirenidae (one South Ame-
rican and one African genus)and Characoidae (thirteen South American fami-
lies, atew of whichalso extend to Central and North America ; the South Ame-
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rican Characidae is the sister of the African Alestidae : 21). Present in South
America, Africa and southern Asia are Nandidae (two American genera)
and the large suborder Siluroidei, with 12 families i tropical South
America, four of which are closely related to African ones : 10), while Osteo-
glossidae is also present in tropical Australia/New Guinea, the South
American Arapaima being the sister of the African Heterotis (32). Finally,
the last tropical South/Central American lineage of primary freshwater
fishes, the suborder Gymnotoidei is endemic ;it is presently considered the
apomorphic sister of Siluroidei, (16) its affinities being hence African/south
Asian, too.

It is worth mentioning that four of these six lineages are restrieted
in South America to the tropical area, Characiformes and Siluroidei alone
containing a quite small number of species in the south. .

A single genus of tropical South American primary freshwater fishes
has Australian ties : Osteoglossum, whose closest related genus, Scleropages,
ranges in tropical Australia/New Guinea and in South-eastern Asia (32).

Few genera of primary freshwater higher crustaceans inhabit tropical
South America : Hyalelle (amphipod), apparently without close relatives,
Nannobathaynelle (Bathynellidae) shared with Africa (42) and about five
genera of Parabathynellidae, at least four of which belong to a lineage also
in Africa and Madagascar (41). : ,

Three families of large primary freshwater mussels-occur in tropical
South America, two of which are richly represented also in the temperate
zone : restricted to the tropics is Muelleriidae, shared only with southern
India (23); this widely disjunct range clearly demonstrates the former
presence also in Africa.

The main lineage of primary freshwater prosobranchiate gastropods
in the area, Pilidae is shared with Africa and tropical Asia; the tropical
South American genera of other lineages seem to have on the contrary
North American ties : Pleuroceridae (Doryssa and Lithasia : 31), Litho-
glyphinae ( Pomatolithus : 14), the mexithaumine and littoridinine lineages
of hydrobioids (44) while the only native genus of Pomatiopsidae, Aqui-
dauania is systematically isolated, being considered the sister of a group
of six genera distributed in South Africa, Australia, south and east Asia
(13). Of the two local genera of pulmonate snails, Drepanotrema is the
closest to an African and Gundlachia either to an African or to a North
American genus (24).

Exclusive of tropical South America and of Africa is also a family
of primary freshwater sponges, Potamolepidae (7), and a subfamily of
oligochaetes (8). Richly represented in tropical South America is also the
Pprimary freshwater family Diaptomidae of calanoid copepods; this com-
prises ten endemic South American genera, nine in the tropical, one
in the southern cold area (15). These genera may be closer either to African
or to North American ones ; the family is practically absent from Australia,

Nine genera of arctoperlarian Plecoptera inhabit tropical South
America (43); all belong to the subfamily Acronerinae of Perlidae, that
is mainly North American and is absent from Africa (43, 47). African ties
also have the only lineage of blepharoceride midges from tropical South
American Paltostomatini (one genus is shared with Africa, two are exclu-
sively tropical South American, one Central American, thelast one extends
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from subtropical to temperate South America : (48) and a single genus of
caddis flies : Leptonema with numerous species,

- Most other tropical South American genera of caddisfilies belong
to widely ranging genera and subfamilies. Several have North American
ties : numerous Hydroptilidae, (28), the two genera of Xipliocentronidae
(39) ; however, Etochorema, confined to tropical South America and Middle
America, belongs to a family (Hydrobiosidae) centering in Australia/New
Guinea and southern South America (40). ' :

Most lineages of primary freshwater animals confined to southern
South Ameriea, have notogeic, above all Australian ties : the fish family
Percichthyidae (two South American genera, eight species : the others in
the south of Australia : 2), both families of primary freshwater decapod
crustaceans (Parastacidae with two South American genera, each related
to a south Australian one (37) and Aeglidae, endemic to temperate-sub-
tropical South America, with fossil record also from New Zealand : 5), the
family Stygoearididae of syncarid erustaceans (three genera in southern
South America, the others in New Zealand and southern Australia, three
related families in south-eastern Aunstralia/Tasmania) : 26), the Chilibathy-
nella-group of genera within the syncarid family Parabathynellidae (two
genera in cold South America, shared with either Australia or New Zea-
land, another in tropical South America and one in southern Aunstralia and
New Zealand ; 41), the genus Glacidorbis of hydrobioid prosobranchiate
snails (shared with Tasmania, south-eastern and south-western Austra-
lia : 30), the family Boeckellidae of calanoid Copepoda (shared mainly
with southern Australia and New Zealand, isolated also in north-eastern
Asia : 15), the entire suborder Antarctoperlaria of stoneflies (one family
endemic to temperate South America, the three others shared with sout-
hern Australia/Tasmania and New Zealand, one of them extending also
to subtropical South America : 47) and the family Notonemouridae (dis-
tributed in all southein continental areas, the genera from southern South
America being more closely related to those from southern Australia and
New Zealand than to those from southern Africa and Madagascar : 25),
three circum-Antarctic families of caddistlies, shared with south Australia/
Tasmania and with New Zealand (Rhynchopsychidae, Helicophidae), one
only with Australia/Tasmania (Tasimiidae) (5), and the genus Edwardsina
of net-winged or blephariceride midges (1, 48).

Most of these lineages are confined in South America to the southern,
temperate or cold areas, the strong family Gripopterygidae alone extending
to the subtropical, but not to the equatorial part of the continent (47),
while Parastacidae and Aeglidae extend to the southern part of the Rio
Parand basin and to the coastal rivers of Rio Grande do Sul (37 ; 5).

Two large lineages of caddis flies shared with the Australian region
and with New Zealand have a more complex distribution pattern : the
tamily Hydrobiosidae (40) and the subfamily Triplectidinae (28). Both
range throughout whole South America (the former even in the south of
Noith America, too) as well as in tropical Australia/New Guinea, in South
and Kast Asia: they are however more diversified in southern than in
tropical South America. Another prevailing ,,Gondwanian” family, Eeno-
midae, has a single Neotropical genus, Austrotinodes, that com prises a group
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of species from Chile to Paraguay and another in Mexico-central America

Endemic to cold-temperate South. America are however also lineages
having not trans-Antarctic, but tropical South American ties. These are
riumerous especially .aanong primary freshwater fishes : the family Diplo-
mystidae (two genera, five species : 3), which is considered the most plesio-
morphic of the pan-tropical, prevailingly tropical order Siluriformes, the
monospecific subfamily Nematogenyinae, the genera Hatcheria and Bulloc-
kia (Trichmycteridae, Siluriformes), the genus Gymnocharacinus (assigned
to a distinet tribe : 21) and a monophyletic group of three species of Chei-
rodon (Characidae), besides some cight species of Trichomycterus (4,21);
this makes a total amount of about 20 species (12 being members of endemic
supraspecific lineages), as against only eight species of the trans-Antarctic
Percichthyidae. Tropical South American tics also have Twmeodiaptomus
from a lake in Chile, far beyond the main range of Diaptomidae in the
continent (15) and rather many canddisflies of the families Glossosoma-
tidae (three endemic genera in a prevalently tropical-American subfamily :
17), Hydroptilidae (the endemic Celaenotrichia and a few species in other
genera : 19; 28) and Polycentropodidae.

A special category is represented by the bipolar taxa, distribuited in
the northern continents and in southern South America, or also the Andes :
five or six endemic Chilean-Argentinean (or also Andean) genera of Limne-
philidae (caddistlies) and seven species of the fairy shrimp genus Branchi-
neeta (27) the others are Holarcetic). These evidently dispersed along the
Andes, e.g. through tropical South America. A bipolar range also has the
caddis fly family Sericostomatidae ;4 with seven endemic genera in Chile-
Argentina (19 ; two of the nine listed genera have been removed into ano-
ther family) ; it is however not known if these are closer to the Holarctic or
to the Australian genera; in the latter case they must be aseribed to the
trans-Antarctic lineages.

A few lineages are endemic to South America, being about equally
represented in its two subdivisions. The principal ones are the two speciose
groups of freshwater mussels : the family Mycetopodidae and the sub-
family Hyriinae; the former is the sister of the African Mutelidae the
secorul the sister of two subfamilies from Australia and New Zealand ; one
would expect Mycetopodidac te be restricted to the tropical areas, Hyriinae
to the temperate and cold one ; actually, both have practically the same
distribution, from the extreme north of the continent (Mycetopodidac even
trom Middle America) to Patagonia ; only on the Pacific slope do Hyriinae
extend further south, in Chile (34). Another lineage endemic to the con-
tinent and present in both parts is the caddistly family Anomalopsychidae
(20); Dbeing a member of Sericostomatoidea, it probably has
circum— Antarctic ties:

There is no sharp limit between the tropical and the temperate/cold
subdivisions ; the aquatic fauna of the Rio Parana basinis mainly tropical,
but in its southern area, ag well ag in the coastal rivers of Uruguay and
Rio Grande do Sul are also present some members of the temperate/cold
lineages. . -

The tropical and southern faunas of primary freshwater animals and
of aquatic insecta in South America are however more different than the
east African and west African ones. Tt is not possible to quantify the dif-
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ferences between both and between the former and the Afiican or the
latter and the Australian fauna. Considering only the number of shared
species and lineages, the fish fauna of southern Seouth America seems to
be more similar to the tropical South American than to the Australian one ;
the freshwater invertebrate fauna is on the contrary more similar to the
Australian one. ,

The tropical South American fauna of peripheral freshwater fishes,
crustaceans and molluscs is a derivative of the tropical marine fauna of the
Atlantic. Numerous species and genera within prevailingly tropical marine
families are fully adapted to fresh water but none of them is known to have
closer ties to the western African members of the same families. Close affini-
ties with the western African inland water fauna have on the contrary
many prawns (species of Atya, Palaemon, Macrobrachium, of Euryrhyn-
chinae and Alphaeidae), snails (especially Neritidae) and mussels (shared
genera restricted to the Atlantic slope of tropical America and Africa are
Congeria, Egeria Iphigenia). It is worth mentioning however that the inland
water fauna of peripheral animals in Africa, even in western Africa, is
dominated by derivatives of the Indo-Wexrt Pacific, not of the tropical
Atlantiec marine fauna.

Most peripheral freshwater fishes from southern South America
belong to trans-Antarctic families, also present in Australia and absent
from the tropics : Geotriidae, Mordaciidae, Galaxiidae and Aplochitoni-
dae ; tropical marine and South American ties have only the few inland
water Atherinidae from Chile and southern Argentina. There are practically
no southern peripheral invertebrates.

Australia and New Guinea have been connected until quite recent
geological time and built a single biogeographic realm. This lies in the vici-
nity of south-eastern Asia but since the breakup of Pangaea, it has never
had continental connections with Asia; during Mezosoic times it
was connected with the other southern or Gondwanian continents ; the
last connection has been with South America, through the intermediary of
Antarctida. It lies closer to New Zealand, but the direct continental con-
nection ceased earlier. The aquatic fauna of Australia/New Guinea also
shares a few lineages with Africa and Madagasear.

The most significant lineages of primary freshwater animals are
shared with South America and are concentrated in the south of Australia.
These are : Percichthyidae (fishes; only the south of Australia and of
South America), Parastacidae (crayfishes; more diversified in the south
of Australia, also in southern New Guinea : 37; 38), Hyriidae (nussels :
shared with New Zealand and South America ; throughout the Australian
region, including northern New Guinea : 29, 45), Glacidorbis (hydrobioid
snails ; only in the southern areas of Australia and of South America ; 30) ;
the Chilibathynella-lineage of Parabathynellidae (synearid crustaceans ;
south-eastern Australia, Chile and New Zealand : 41); the order Anaspi-
dacea, again of syncarid crustaceans (same general range, three families
being endemic Australian, the fourth one shared with temperate South
America and New Zealand : 26) ; four families of stone flies (three in the
order Antarctoperlaria, Notonemouridae in drcloperlaria : 47) and four
of caddis flies (Tasimiidae shared only with temperate South America,
Kokiriidae, Philorheithridae and -Helicophidae with temperate South
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America and New Zealand as well : two other faunilies are shared only with
New Zealand .and three:endemic to south-eastern Australia, all having
circum-Antarctic ties : 5), the genus Edwardsita of blepharicerid midges
(exclusively in south-eastern-Australia and south-western South Ame-
rica : 48) and Boceckellidae (calanoid Copepoda : 15). Most of these lineages
are restricted in the Australian region to the southern half of the mainland
and to Tasmania, Hyriidae and Parastacidae alone also ranging in the
tropies (including T ‘\Tew Guinea). To a similar category belong two impor-
tant taxa of caddisflies (Hy drobiogidae and T1'1plegud1n(be 4(), 28), which
are however algzo present in south and east' Asia (and in Middle America,
and the south of the U.8.A.)

Brundin (9) and other authors have pointed out that the Australian
members of various sub-Antarctic lineages are more closely related to the
South American than to the New Zealand ones. This is also the case with
several of the taxa mentioned above : Tasimiidae ranges only in Australia
and South America; three Australian genera of Par astacidae have their
sisters in South Amenca a single one in New Zealand (37) ; four Australian
genera of Hydroblosldae belong to sub lineages also in South America and
no sublineage is exclusively in Australia and New Zealand (40). In other
cases, however the Australian members are more closely related to New
Aealand ones : for ex. in Hyriidae (two subfamilies in both areas, another
in South America : 34); two families of caddis flies are e\clum'ely Aus-
tralia and New Zealand ; the stoneflies of the subfamily Stenoperlinae from
Australia and New Zealand are congenerie, the South American ones belong
to another genus: 47) etc. Shared exclusively by the Australian region
(inclusively southern New Guinea) and New Zealand is the leech family

tichardsonianidae, the species from south-castern Australia being conge-
neric with those from New Zealand and more distantly related to those
from other Australian distriets (35 ; 36).

The aquatic fauna of Australia has trans-oceanic relations also with
the African and Madagascan ones : the only Australian genus of Pomatio-
psidae (snails), Coziella (confined to the south and the west) is the sister
of the south African ZTomichia (13); the south-east Australian Astacopsis
(Parastacidae) is the sister of the Madagascan Astacoides) (37). Trans-ocea-
nic ties with south Africa and New Zealand have two lineages of peracarid
crustaceans : the subfamily Ceininae (amphipods : the Australian species
ave closer to the African than to the New Zealand ones : 22) and the sub-
order Phreatoicidea (isopods; two south-western Australian genera are
closely related to the only south African genus, while several bOHLh castern
Australian ones are close to New % eahnd oenem phreatoicids are also
present in northern Australia : Dr. Knott, in htt )

Few primary freshwater animal lineages are peculiar to tropical Aus-
tralia : only three fish families (the endemic monospecific Ceratodidae with
no relatives in the rvecent fauna ; Osteoglossidae with two species of Scle-
ropages in north-eastern Auqtralnlsouthmn New Guinea, the third one
in south-eastern Asia and the uext relative in tropical 6011th America (32) ;
the speciose Melanotaeniidae — including Pseudomugilidae — with no
freshwater relatives in south Asia or elsewhere). Two families of primary
freshwater prosobranchiates are present, both shared with south Asia and
Adriea : Bithynidae (the only Australian genus Gabbia, ranging throughout

~a
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the eastern hall of the continent and in south New Guinea may be closest
to an African one) and Viviparidae (two endemic genera in eastern, tro-
pical to temperate Australia and the Afro-Asian Bellamye in New Guinea
(6)). The fish fauna comprises numerous genera of marine origin, but fully
adapted to freshwater ; most have no clow ties with the Asian fauna.

Numneroug hnoanes are shared with the southern half of the continent,
most of which are more diversified in the south and display trans-Antar Lllb
ties : Parastacidae, Hyriidae Richardsonianidae, Hydrobiosidae, Triplec-
tidinae, Phleatmud(w. all, except the latter, are present in New Guinea.
Many 1yp10‘ally southern lineages of aquatic inseets extend along the eas-
tern coast to tropical Australia : Grypopterygidae, Ble})hanouul&c Nortosa
(caddizfly), Coenosucidae.r Very svones(ne is the distribution of the
Ozyethira-group of ten genera of the prevailingly tropical Hydroptilidae
(cad(h\ flies) (46). Nine of them are present in \ustmlm three being ende-
mic; the tenth lives-in the geographically close New Amhmd ‘md New
(‘ale(lonm only iwo generabay a wider distribution from Australia through
south and east Asia to ]umopo A similar distribution, from Australia to
Eurasia, is also displaved by the tribe Apistomyiini oi Blephariceridae
(48) and by Ecnomus (caddisflies (18 ). All three lineages are not restricted
to tropical Australia, being also present iu the south and all have
Gonwanian ties.

Actually there are also freshwater genera with tropical Asian ties
restricted in the Australian region to Lhe tropical north; they belong to
Entcmostraca with passive (hspel sal means (Dmptonndae) or to expansive
groups of aquatic insects (Neoperla, various caddis flies), i.e. to taxa able
to cross marine arms. _

Summarizing these data, it results that the primary freshwater animalg
and aquatic insects from the Australian region (ineluding northern
New Guinea) are most closely related to those of other areas formerly in
Gondwanaland. The trans-oceanic relations of this fauna involve first of
all South America on the one hand. New Zealand /New Caledonia on the other
hand, then (south) Africa, Madagascar, even India (Phreatomdca) The

only pnm(u v freshwater 0(‘1161 in the north of the region displaying south
Asian ties are the amhaw Seleropages (which may have once been widely
ranging) and the probably expansive Bellamye.

The fauna of primary freshwater animals and even of aquatic insects
of southern Australia obvicusly is more closely related to that of northern
Australia/New Guinea than to the South American one and the northern
Australian more colosely related to the south Australian than to the south
Asian one. Significant in this respect are the interrelationships of the three
genera of the Tanorus gronp (Hydrobiosidae), a lineage shared by the
two halves of the Australian region and temperate South America : the
gsouth-eastern Australian \l(urooam shares more characters with the genus
from New Guinea (i.e.it is more closely related to it) than with the South
American genus (40).

Just the contrary with the faunas of peripheral animals : the north
Australian ones consists mainly of Indo-West Pacific lineages also in
southern Asian and the szouthern Australian one of circum-Antarctie
lineages shared with cold/temperate South America.
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Parenti (33) maps a sharp faunistie limit betwen southern and nor-

thern New Guinea. Actually the genuine freshwater fauna of northern New
Guinea is an Australian one, like that of southern New Guinea, including
members of Melanotaeniidae, hyrid mussels, (Hossamia (Apogonidae),
Parambassis (Chandidae), the endemic Tanorus (Hydrobiosidae) Sympha-
toneurina (Triplectidinae) which all display sister relations with the Aus-
tralian/southern New Guinca fauna,

00 =1 SO LoD

10.
a1.
12,

21,
22.
23.
24.

25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

REFERENCES

. Alexander P., 1856, Proc. Inlern. Congr. Entomol., 1, 813--828,

g

. Arratia G., 1982, Abh. senckenberg. naturforsch, Ges., 549, 1 —52.
. Arratia G., 1987, Bonner Zool. Monogr., Nr. 24 1--120.
. Arratia G.; Penafort M. B., Menu-Marque, S., 1983, Deserta (Mendoza) 7, 48—107.

Binirescu L., 1990 Zoogeography of Fresh Waters, 1. Aula-Verl., Wiesbaden.
Béndresceu P., 1992, Rev. Rou. Biol. —Biol. Anim., 37, 1,

. Brien P., 1970, Symp, zool. Soc. Lendon Nr. 25, 183 —187.
. Brinkhurst R. O., Jamicson, B, G. M., 1871, Aquaiic Oligochaetn of 1he World. Gliver & Boyd,

Edinburgh.

. Brundin L., 1966, Kungl. Svenska Vetenskapsakademiens Handligar, ser. 4, 11 (1), 1—472.

Chardon M., 1968, Annls. Mus. Roy, Afr. Centr., série ¢n 8, Sei. zool., 169, 1—277.
Croizat L., 1958, Panbiogeegraphy, 1, 8¢, £b. Publ. by the author, Caracas.
Croizat L. 1962, Space, Time, Form : lhe biological synfhesis, Published by the author, Caracas.

. Davis G. M., 1879, Acad. nat. Sci. *hiladelphia, Monogr., 28, 1 —120.
. Davis G. M., Pons-de-Silva, M.C., 1984, Malacologia, 25 (1), 73—108.
. Dussart B., Defaye D., 1983, Répértoire mondial des Cristucés (opépodes des equwx inlérieures.

I. Calanoides. Edit. C.N.1I1.S., Paris.

. Fink 8. V., Fink W. L., 1981, Zool. J. Linn. Soc., 72 74), 297 - 353.
/. Fischer ¥. C. J., 1961, 1972, T'richepicrorurn Culaloy

e, 2, 420 W, Junk W Junk Publ,
The Haque.

. Flint 0.8., 1973, Proc. Biel. Soc. Washington, 86, (11), 127 — 142,
. Flint O. §., 1974, Rev. Chilena Rnt., 8, 83— 93.
. Flint O. 8., 1881, Proc. 3-rd Intern, Syinpos. on Trichoptera, 76— 85.

r

Géry J., 1977, Characoid fishes of the World, T. ¥¥. 11, Neplune.

Griffith C. 1., 1976, Annls. South Afr. Mus., 72 (¢), 11—35.

Haas F., 1969, Superfamilia Unicnacea. Das Tierreich, Lief. 88. W. de Gruyter, Berlin.

Hubendick B., 1978, Systematics and comparative morphology of the Bassomalophora; in:
Fretter, V., Peake, J. (eds). Pulmonales, 2, Academic Press, London : 1—48.

Illies J., 1975, Int. Rev. ges. Hydrobicl., 68, (2), 221 —220.

Knott B., Lake Ph. S., 1980, Zoologia Scripta, § : 25— 33.

Lotfler H., 1977, Phyllopoda, in : Hurlbert, S, H. (ed.) Biota acuatica de Sudamérica austral.
San Diego State Univ.,

Marshall J. E., 1979, Bull. Br. Mus. nat. Hist . (i2nte), 89, (3) : 135—239.

Mecmichael D. I7., Hiscock 1. D, 1958, Auvst. J. Marine Freshw. Res., 8, (3) : 372—507.

Meier-Brook C., Smith B. J., 1975, Arch. Mollusk., 266, (4/5): 101—-198.

Morrison J. P.IZ., 1954, Proc. U. S. nat. Mus., F¢3 (3325) : 357—393.

Nelson G., 1969, Amer. Mus. Novit. nr. 2394 : 1—-37.

Parenti, L., 1991, Aust. Syst. Bot., 4: 137—149.

Parodiz J. J., Bonneito 4. A., 1963, Malacologia, 1 (£) : 79— 213.

Richardson L. R., 1969, Acta zool. Acad. Sci., Hungar., 15 (1— i) : 97—149.

Richardson L. 1&., 1973, Rec. Vicforia Mus., 44 : 1—18.

Rick E. ¥., 1969, Aust. J. Zool., 17 : 8556—918.

Riek E. ¥., 1872, Aust. J. Zool., 2¢ : 369— 389

Schmid F., 1982, Mém. Soc. Entom. Canada No. 121 : 7—115.

Schmid F., 1989, Bull. Inst. Roy. Sci. nat. Belg,, Entom., 59 Suppl. : 1—152.

Schminke T1. K., 1673, Mikrofauna d. Meeresbod., 24 : 1—192.

Continents, ocean basins and freshwaler zoogeography 11

Walker I, 1Y, 1981, in: Keast, A. (ed.), Leological biogeography of Australiac, W. KJunk

Wells A, 1987, Proc. 3-th Intern, Symp. on Trichoptera, W. Junk Publ.,, Dordrecht ; 133—

. Zwick P, 1973, Plecoptera: phylogenelisches System und Kataloy, Das 'ﬁcrreich, Liel. 64. Y¥.

9
42. Schminke T K., Wells, J. B. J., 1974, Arch. Hycdrobiol., 73 (1) ; 122—129,
43. Stark B. P., Gaufin, A.R., 1975, Misc. Publ. EEntom. Soe. Amer, 16 : 1 80,
44. Taylor D. W, 1966, The Velliger, 9 (2) : 152228,
45.
Publ., The Mague : 1233--1249,
46.
137,
47
de Gruyter, Berlin.
48. Zwick ', 1977, Aust. J. Zool., Suppl. ser. nr. 46 : 1 —121.

Reeeived October 27, 1992

Institule of Biology
Buacharest, Str, Frumoasa 31 1.



NUMERICAL STRUCTURE OF COLLEMBOLA POPULATIONS
FROM THE SOILS OF RETEZAT NATIONAL PARK
(THE CARPATHIANS)

M. FALCA

The paper presents a part of a research carried out during a twe years time in
three areas located in the Scientific Reservation of the Retezat National Park.
All the details regarding material and methods have been presented, Falci (1972).

Numerical density, relative abundance, frequency, constancy and numerical
dominancy are presented,

1. INTRODUCTION

Collembola, near Acarina, represents dominant animals in all types
of soils, playing an important role in the substance and energy transfer
processes taking place in the natural ecosystems.

There are many quantitative surveys concerning the numerical
structure of collembola communities. A historical review was made by
Murphy (1953), Kevan (1958) and Petersen (1982).

This paper is part of a complex study undertaken not only on the
numerical structure of the communities, but also on the biomass and
productivity.

2. RESULT>

Numerical density, calculated as the average number of individuals to
the square meter, Table 1, showed two group of species : the first one,
including the species of the genera Onychiurus, Folsomia, Isotomiella,
and Isotoma, presented large numerical densities; the second one, inclu-
ding the species of the genera Xenilla, Triacanthella, Pseudachorutes,
Neanura, Orchesella, and Sminthurus, presented small numerical densities.
It was a characteristic feature for all worked areas, having the following
vegetal associations ; Festuco (drymeae) — Fagetum (I), Piceetum carpa-
ticum (II), and Pinetum mugi carpaticum (I1I).

Among the species with large nmmerical densities, the most represen-
tative were Llolsomia quadrioculata and Onychiurus armatus, followed by
Isotoma wviolacea, Folsomia inoculata, Isotomiella minor, Isotoma notabilis,
and Onychiurus rectopapillatus. Xenilla brevicauda, Triacanthella sp., Pseu-
dachorutes dubius, and Neanura muscorum were some of the species with
small density.

Standard errors of the means presented high values, especially for
the species with small numerical densities and frequency.

REV. ROUM., BIOL. — BIOL. ANIM,, TOME 38, N° 1, P, 13 —20, BUCAREST, 1693
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The variation coefficient, having small values, made evident species
Folsomia quadrioculate and Onychivrus armatus, with high numerical den-
sities, because of a high biotic potential and ecological plasticity.

Variance showed high values, as compared with those of the means,
for the majority of species, which is an indication of the lack of concentra-
tion of the numerical density about the mean.

The overdispersion indexes of Bliss and Fischer, with superunity
values, indicate grouped distribution of Collembola, according to the nega-
tive binomial distribution.

This distribution is characterized by two parameters : the mean and
the exponent (k); the generative function of probabilities is: (¢ — pyE

m m
where p = ——" 3¢ —Dp=1; ( =14,
k k

Folsomia quadrioculate, a dominant species was chosen to put into
agreement the experimental distribution with the negative hinomial one.
By means of the conformity test, we verified the agreement” quality bet-
ween the experimental and theoretical data. x% = 6.339, which cor-
responds to a probability comprised between 95%, and 97.5 %, means
very significant ’agreement?’.

Analysing negative binomial distribution, when the variance closes
to the mean, the I exponent tends to the infinite ; in this case, negative
binomial distribution tends to the Poisson distribution . This phenomenon
takes place when the populations are small, as Hypogasirura tullbergi,
Neanura conjucta, Lepidocyrtus lanuginosus.

From the point of view of total density, the highest values have been
presented by the area IT with 31288 individuals on a square meter, in humus,
followed by the area I, with 21644 individuals on a square meter, and area,
I, with 15967 individuals on square meter.

The summary characterization of the areas, from the point of view
of the density of collembola populations, is a topic problem : do the average
densities, in a succession determined by the frequency of observations,
refllect the true values of the populations of collembola? In other words,
are the various values of densities, noticed at certain intervals, distinct ves-
ponses, as a result of the complex processes at thelevel of these populations ?
To point out this response, the null hypotheses were tested by using the
Jdifferences between the means and the ealculations of the levels of signi-
ficance for species Folsomia quadrioculata and Onychiwirus armatus, domi-
nant species in all areas, as well as the other species taken as a whole. The
differences between the means were insignificant in all analysed cases, so
the null hypotheses were accepted with the level of significance boo. 1t
means that the probability of accepting the null hypotheses, is higher
than 0.05 supporting the idea that the differences between the means
are not explained by other causes, besides the fact that ecological factors
influenced the dynamics of numerical densities of the species of collembola.

The relative abundance — table 1 — pointed out the fact that, from
the total 65 identified species, a nucleus of 7 Species represents 719,
They are the following : Folsomia quadrioculata, Onychiurs armatus, Isotoma
violacea, Isotomiella minor, Folsomia inoculata, Onychiurus rectopapllatus
and Isotoma notabilis. The other 38 species, although ewight times more in

2 -~ ¢, 3751



18 M. Faleit 8

number, participate in va»riabile-percentages,.but s;m&ller tha_.n ﬂlose men-
tioned, to establish the structural configuration of the asgsociations of col-
lembola. . ‘
\Within the nucleus of 7 species with relative high abundance, the
species Folsomia quadrioculata and Onychiurus armatus represent 34 9, and
119,. . _ ‘
" Ttis to be noticed that in the area 11T — Pinetum mugi carpaticum —
the species Onychiurus rectopapillatus, Folsomia wnoculata zu_'lc} Lsotoma
notabilis were replaced from the nucleus of 7 species by Onychiurus sibi-
ricus, Folsomia alpina and Isoloma viridis. o o ‘
The frequency — Table 1 — presented similar characteristics to
relative abundance with high percentages, of about 80 %, for species Tol-
somia quadrioculata and Onychiurus armatus and much lower for species
with poor numerical values.

Table 2

Constancy of Collembola — summarising tahle as species number

Level of | CONSTANT 50%  |ACCESSORIES 25—50% | ACCIDENTALES 25%
collecting
I 1f 111 Total I 11 11l Total I 11 111 Total
L 2 4 — 6 2 — 2 4 29 31 24 84
H — — — — — —_ — — — — — —_
2
1L 3 2 — 5 2 4 5 11 44 44 36 124
131 b} 3 — 8 4 8 4 16 39 33 31 103
|
I = litter
H = humus
1 — DBiotope with vegetal association Festuco (drymeae) — TFagetum
1I — Biotope with vegetal asociation Piceetum carpaticum
III — Biotope with vegetal association Pinetuin mmugi carpaticum

Constancy — Table 2 — the areas with vegetal associations Festuco
(drymeae) — Fagetum (I) and Piceetwm carpaticum (II), 44 species (84 %)
were accidental sepecies, while in the area with the vegetal association
Pinetum mugi carpaticum (III) the number of accidental species was of
36, that is 89 9%. _

Within the category of incidental species, 2, 4 and 5 species were
identified, representing therefore 4%, 8%, and 11%,.

The constant species were few in number, 3 in the area I, 4 in the
area II, none in the area III, representing 6%, and 8 9, respectively.

Numerical dominance — table 3 — estimated as the average degree
of expansion of a species in an interval of time (Da = E/t) pointed out
species Folsomia quadrioculata and Onychiurus armatus with the highest
values between 5 and 30, according to the area, both in the litter and
humus, in all investigated areas.

7 Numerieal structure of cotlembola populations in Retezat 19

Table 3

Numerical dominance of Collembola — summarising table

Level Biotope -
of col- | 1 11 111
lecting I 1 9 1 1 1 9
- . ;
I 13.7 . 21.6 43.2 29.8 ‘ 16.8 29.8
H — 45.5 - 65.3 i - 27.8
- | !
I. = litter I — Biotope with vegetal association Festuco
1T = humus (drymeac) — Iagelum
1 == first year of rescareh II — DBiotope with vegetal association
2 = second year of research Piceelum carpaticum
X =

there are no data drom the first year 111 — Biotope with vegetal association Pinetum
: mugi carpaticum

Considered as an expression of higher or lower receptivity of habitate
to a species or another, the numerical dominance of each species represen-
ted, by summing up, the total receptivity of the habitat. From this point
of view, it was noticed that the area with the vegetal association Piceetum.
carpaticum (II) presents the highest value, meaning therefore that here the
collembala found the best conditions for their activity — Table 3.

CONCLUSIONS

1. Among the species with high numerical dengity the most represen-
tative from all biotopes were : Folsomia quadricculaia, Onychivrus armatus
followed by Folsomia inoculala, Isotomiclla minor, Isotoma notabilis, Iso-
toma riolacea and Onychiurus rectopapillatus . The overdispersion indexes
of Bliss and Fischer, with superunity values, indicated the grouped dis-
tribution of Collembola, according to a negative binomial distribution.
The biotope with vegetal association Piceetum earpaticum has presented
the highest values of numerical density.

2. The relative abundance pointed out that from a number of 65
identified species, a nuecleus of 7 speecies represented 71%, 5 Folsomia qua-
drioculata and Onychiurus armatus were represented as 349, and respecti-
vely 119%,, having the highest percentages of relative abundance.

3. The frequency of species Collembola was about 809, for Folsomia
quadrioculate and Onychiurus armatus and had muech lower values for the
other remaining species.

4. From the point of view of species constancy, 849%, were accidental
species in the areas with vegetal associations Festuco (drymeae) — Fagetum
and Piceeturn carpaticum. Inecidental and constant species were much
fewer in all studied biotopes.

5. The value of total numerical dominance, that iz, the sum of all
speeics numerical dominance, bas presented the highest value in the area
with vegetal association Picectum carpaticum. As far as numerical domi-
nanee is taken into account as a measure of species receptivity to a spe-



20 M. Falck 8

glﬁc ha‘bitat,. it can be said that Collembola species found better conditions
or their activity in the area with the vegetal association Piceetun carpa-
ticum than in the other two studied areas.
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RESEARCHES OF ORIBATID FAUNA (ACARI-ORIBATIDA)
IN DIFFERENT TERRESTRIAL ECOSYSTEMS
IN THE DANUBE DELTA

VIORICA HONCIUG

The oribatid fauna in the Danube Delta is little known. The paper comprises the

result of systematic, biogeographic and trophical researches of oribatid fauna
in different areas of the delta biome, characterized by natural vegetation, consisting
in forests and lawns and artificial vegetation of plantations. In these researches, a
munber of 93 species of oribatids of 31 families was identified.

The Reservation of Danube Delta Biosphere represents & territory of
ecological importance both for the national as well as for world interest.
The terrestrial ecosystems represented by the delta sand banks with diffe-
rent origins, age and structures have a characteristic flora and fauna that
constitute the subject of several researches.

From the soil fauna the oribatid, also known as ‘“‘horny acariens’,
that have a most important role in the descomposition processes, populate
almost all the terrestrial delta ecosystems. Their presence is conditioned
by the multitude of bio-edaphic and climate factors from which the me-
dium relative humidity of air and substratum are the most important
ones. The types of soil and vegetal associations, the degree of the soil cover
and the thickness of the litter determine the structure and density of the
coenosis of the acariens. The previous ecological researches, (10), under-
lined the quantitative importance of the soil fauna and implicitly the num-
ber of individuals of the oribatid species in the functioning of some forestry
ecosystems in the Danube Delta.

But a great importance is given to the systematic, biogeographical
and trophic framing in the study of populations of these microarthropods.

MATERIAL AND 3METHOD

The researches developed during 1982—1987 and 1991 in 15 areas
placed in different terrestrial ecosystems. The surfaces show the following
general characteristics :

1. Letea — Hasmacul Mare — natural of deciduous forest,

2. Letea — Hasmacul Mic — natural of deciduous forest.
3. Cardon — poplar plantation.

4, Cardon — alder plantation.

5. Letea — sand bank in different degrees of vegetations.
6. C.A. Rosetti — halophile lawn.

7. Ridducun — lawn. :

8. Svigtofca — lawn.

9. Caraorman — lawn.

10. Ivancea — lawn.

11. Sulina — lawn.

REV. ROUM. BIOL.—BIOL. ANIM., TOME 38, N° 1, P. 2129, BUCHAREST, 1993



22 Vioriea Honeiue . 2

12, Sfintul Gheorghe — poplar plantation.
13. Island Sacalin — halophile lawn.
14. Chitue — halophile lawn,
15. Periboina — halophile lawn.
_ The natural lawns in the Danube Delta encountered on stretched
surfaces are mostly halophilous and quarter a series of rare species from

ST W
@Tulceé‘?«x e

Y

LESERD
] —-— DANUBE DELTA
SIOSPHERE

. Fig. 1. — Danube Delta — terrestrial ecosystenis rescarched.

3 Oribatid fauna in the Danube Delia 23

the flora and characteristic species of the fauna. The forests previously
described present characteristies typical for the forest ecosystems, where
we et a typical fauna. In order to study the oribatids in these areas many
samples of litter and soil have been collected with a MacFadyen soil core-
borer, up to 10 em deep and have been sorted by the Berlese-Tullgren ex-
tractor. The systematic arrangement follows Balogh (1972) criterion, while
the biogeographical and trophical distribution is made on the basis of the
reference (6, 7, 8, 9 ) papers. On the list of species and an the map (¥ig. 1),
the areas are pointed by order number followed by their biogeographical
and trophic abbreviations. The biogeographical abbreviations are : Hur. =
European ; Cauc. = Caucasian; Oc. = Oceania ; As. = Asian; N. — Am.
— North-Ameriean R.==Romania ; N. — Af. = North-African ; SE.-Fur. =
Southeast-Buropean ; (.-S.-Eur. = Central-South-European; C. -As. =

Central-Asian; s. bip. == subbipolar; hol. = holaretic; sbt. = subtro-
pical; maghreb. = maghrebian; N.-S-Am. = North-South-American ;
cosmp. = cosmopolitan ; arct. = arctic; Bale. = Balcanic; C.-E.-As. =

Central-Rast-Asian ; B.-As. = Bast-Agian; C.-Fur. = Central-Turopean ;
Sibir. = siberian ; C.-SE.-Eur. = Central-SouthEast-Huropean ; S.-As. =
South-Asian; trop. = tropical ; W.-Sibir. = West-Siberian ; Eurosibir. =

Rurosiberian ; C.-W.-Eur. = Central-West-Kuropean ; N.-E.-As= North-
Tast-Asian ; pal. = palearctic. The trophical abbreviations are: M. =
macrophytophag; m. = microphytophag; p. = panphytophag ;
no. == nonidentified.

RESULTS AND DISCUSSIONS

The oribatid fauna from the Delta areas registered 93 species belon-
ging to 31 families (sce the list of species). Out of the total of families, four
are dominant: Phthyracaridae, Opiidae, Oribatulidae, Ceratozetidae,
where most of the species, presenting large ecological and biogeographical
valences, are included. Out of the number of the species mentioned above,
58 are signaled in the natural and planted forestry ecosystems and 14 for
lawns, whereas 21 species are common.

Tn the natural and planted forest ecosystems we meet a great number of
species out of which alarge number is characteristic of these types of eco-
systems, e.g. : P. laevigatus, P. baloghti, P. globosus, P. lignaeus, P. dubi-
nini. A. serratus, B. cribrarius, B. monodactylus, . intermedius, M. pulveru-
lenta, Q. bicostatus, 8. subtrigona, I'. fuscipes, P. lanceata, 7. emilis, . qua-
dricarinata, C. sewpilesa. That species appeared near the other species,
which we considered as bioindicators for thai ecosystems (we mentioned
that species in a previous paper).

On the halophilous lawns and sand banks with different degrees
of vegetation we meet a small number of species as: Z. meriehamere,
Z. tenuelamellata, L. theleproctus, L. nalischichs, S. minuius, P. africanus,
which can be considered characteristic for those ecosystems because it is
only there they were found. But the smallest number of species are-to be
found in the halophilous lawns. In those areas there was recorded a typical
halophilous species Z. marichamere, which was mentioned by other authors
in similar areas (2).
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Biogeographically the species mentioned ahove are dominated by
S.-E.-European, Burosiberian and Asian elements. Most of the European and
Eurosiberian species are met in natural and planted ecosystems, the Asian,
maghrebian areas in the lawns. Their presence is duce to the existence of a
caleareous substrate, which created a condition for mesoxerophile and
xerophyle species.

From the three trophic groups, the third one, the panphytophagous
presents the greatest share ( 44.089), followed by the microphytophagous
with (15.05%,) and macrophytophagous with (11.809%). The group of
nonidentified trophiec level represents (29.03%), and we can affirm they
should be included in the panphytophagous and microphytophagous group,
as we found these species in fermentation and hummus layers their spe-
cific food exists. That situation is to he met especially in natural and planted
ecosystems, and not so much in the lawn ecos yxtems where the bio-edaphic
conditions do not allow the distiuet formation of fermentation and humus
layyers necessary to the setting of oribatid populations.

COXNCLUSIONS

The type of vegetal associations and the bio-edaphic conditions of
the Danube Delta divide the oribatid fauna into three groups. :
the first one is characteristic for natural and planted forestry ecosystems ;
the second one is characteristic for halophilous lawnsand sand banks and
the third one is common for forest areas and the other lawns,

The oribatid fauna of the Danube Delta is original for the presence
and interference between Turopean and many Asian elements.

THe presence in the terrestrial ecosystems of the Danube Delta of
the panphytophaga and of the microphytophaga on a bigger scale justifies
an advanced process of decomposition. Thig process is more intense in the
forest ecosystems which, in the case of this special part of Romania, are
considered a real natural equilibrium which should not be disturbed as it
plays an important part in the functioning of the Delta hiome.

LISTS OF SPLCIES

PHTHIRACARIDAR Perty, 1841
Phthiracarus Perty, 1841
P. laevigatus (C. 1. Koch, 1841) : 1 ; Bur ; AL
P. baloghi (Feider et Suciu, 1957) : 1 ; Bur., Cauc., Oc., As. ; M.
P. globosus (C. L. Koch, 1841): 1 ; Bur., Or., As. 3 M,
P. lignaeus (Willmann, 1931) : 2 ; Fur., Caue., N -Am. ; M.
L. dubinini (Feider et Suciu, 1957) : 2; R. ; ML
Atropacarus (Atropacarus) N iedbala, 1986
A. serratus (Feider et Suciu, 1957) : 1 ; Bur., N.-Af.; M.
EBuphthiracarus Ewing, 1917
E. oribrarius (Berlese, 1904): 2, 45 Bur.; M.
E. monodactylus (Willmann, 1919) : 1; C.-S.-Eur. ; M.

Lo
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E. intermedius (Ieider et Suciu, 1967) : 9 ; SE.-Eur. ; M.
Ticrotritia Mirkel, 1964 o . e .
M M. mindma (,Borlese, 1904) : 1; Itur., Caue., C-As., N-Am.; M.
Thysotritia Méarkel Meyer, 1959 3 _ L
T R. ardua (C. L. K()ch,,lb‘ﬂ) : 1. 2. 5.5 8. bip.-hol.-sbt. ; no.

ENIOCHTHONIIDAE Grandjean, 1947
Hypochthoniella Berlese, 1910 o
H. pallidula (C. L. Koch, 1836) : 1. : hol., sbt. ; wo.

EPILOHMANNIIDAL Oudemans, 1923
pilohmannia Berlese, 1910 e e
= E. eylindrica (Berlese, 1904) : 1.; Tur., maghreb., C.-As:,, N-Am.,
Oc. ; no.

CAMISIIDAE Oudemans, 1900
(Camisia von Heyden, 1826 o o ‘
C. birwrus (C. 1.. Koeh, 1836) : 3. 6. ; Thur., N.-An.; p.

MALACONOTHRIDAE Berlese, 1916
Trimalaconothrus Berlese, 1916 )
T. tardus (Michael, 1838) : 1.; Eur. ; no.

LIODIDAE Grangjean, 1954
Liodes von Heydeu, 1826 N e e
L. 171€l(:proctu.s"(Hounam\, 1804) : 6. ; Bur., Caue., Oc., N.-S.,-Ani. ; no.

TRHYPOCHTHONIIDAE Willmann, 1931
Trhypochthonius Berlese, 1904 .
T tectorum (Berlese, 1896) : 12, ; hol. , cosmop. ; n.

GYMNODAMARIDAL Grandjean, 1954
Gymnodainaens Kulezynski, 1902 -
© 6. bicostatus (C. 1.. Koelt, 1836) : 2. ; hol., arct. ; m.

DAMAFEIDALE Berlese, 1896 ' i
Spatiodamacus Bulanova-Zachvatkina, 1?Ga
S. verticillipes (Nicolet, 1855) : 1. ; Eur. ; m.

BELBIDALE Willmann, 1931
Metabela Grandjean, 1836 7
AL pulverulenta (C. L. Koch, 1840) : 1. ; Iiur. ; m.

DAMAEOLIDAE Grandjean, 1965
Damaeolus Paoly, 1908 7

D. ornatissimus (Csiszar, 1962) : 1. 2.; Balc. ; m.
Fosseremus Grandjean, 1954 7

I laciniatus (Berlese, 1904) : 1.2, 5 Isur., N.-Am. ; m.

ZETORCHESTIDAE Michael, 1898
Zetorchestes Berlese, 1988 |
Z. micronichus (Berlese, 1883) : 1. 4. 9.; C.-S.-Eur., maghreb.; p.
Microzetorchestes Balogh, 1943
M. emeryi (Coggi, 1893) : 3. 4.5 C.-3. Tur. ;p.
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LIAQARIDAE Sellnick, 1928
Adoristes Hull, 1916 -
A. ovatus (C. L. Koch, 1840) : 2. ; Bur., N.-Am. ; p.
XENILLIDAE Woole iggi
CIEN vy Higgins, 1966
Xenillus Robineau—l)esvoid;?lséf)

X. elypeator Robineau — Desvoidy, 1839 : 2. ; Eur., Caue., C.-E.-Ag
; oy o™ - e

no.

X. tageocranus (Hermann, 1804) : 1.; Kur. maghreb., E.-As.; p
., E.-As.; p.

ASTEGISTII)AE Balogh, 1961
Cultroribula Berlese, 1908
C. bicultrata Berlese, 1908 : 1. ; C-Eur., Sibir., N.-Am. ; m
-Am. ; m.

METRIOPPIIDARE Balogh, 1943
Ceratog)pi& Berlese, 1908
7. sexpilosa Willmann, 1938 : 4. : C-SE.~Rur. -
Pyroppia Hammer, 1955 ’ 3 CoBB-ur sn.
) s ey o > .
P. tajikistanica . Krivolusky et Cristov, 1970 ;3.5 8.-A%. 30
. [ Paiis N 3

C}ARABQDIDAE C.L. Koch, 1837
Carabodidae C.L. Koch, 1836
C. minuseulus Berlese, 1923 : 1. ; Bur., N-Am. ; M
Am. ; M,

’JL:'ECTOCEPHEIDAE Grandjean, 1954
Tectocepheus Berlese, 1913 =~
T. alatus Berlese, 1913 ; 1.2. 3. 4. 5
T uus Berlese, 1913 5 1.2. 3. 4. 5. 6.; C.-SE.-Eur: p.
é*. :?l’( :;lq.(c;n(?;&l C(ﬁ;glgallél;)())l%l())) :dl. ; ’hol., arct., frolp., COSINOP. 5 P
. velatus (Michae t1.2.3.4.9.11. 12.; Eur., N-Am., cos.
mép.; o ; Eur.,, N-Am., cos-
OPPIIDAE Grandjean, 1954
Cosmoppia Balogh, 1983
C. ornata (Oudemans, 1900) : 1. 2 7.5 1
. nans, 1 $1.2.6.9. 7.5 Eur., N.-Am. :
Ctenolénel[la Gordeeza I\Tar’ppinez)m,LIQSS B NAm p.
- obsoleta (Paoli, 1908) : 1. 2.3, 4. 5. : Rur.. \V .. Sihir
Fiyposcapoy AT ’1982 ) - 3. 4. 5.5 Eur., W.-Sibir. ; -
H. sigma var conjuncta (Strenzle 51) 1 7.5 C-X
Micronin atonh. 19g3 @ (Strenzke, 1951) : 7. ; Co-Eur., C-As. ;5 p.
M. minus (Paoli, 1908) : 1. 2. 3. 4. 6. ;hol.; p
M. minutissime (Sellnick, 1950): 1. - 3 e
Multioppia Hammer, 1(981 b A0 L oS Bu p,
M. laniseta Moritz, 1966 : 1. 2. 3. 4. : Rur. -
Oppiella Jacot, 1937 , S B,
(;.falcata. (Paoli, 1908) : 1. 7. 9. 10. ; Bur., Caue. 5 p
0. neerlandion (Oudemans, 1 : 3.5 6.5 ibi
Quadroppia Tacot. 050 $,1900) : 1. 2. 4. 3. 5. 6. ; Burosibir. ; P-
Q. quadricarinata (Michael, 1885) : 4. - ] sht., 5 1
Ramusrella (Inseulptoppia) Subigbs, 195)56 3ok by p.
Li. clavipectinata (Michael, 1885) : 4. 12. ; Eur. s p
R. insculpta (Paoli, 1908) : 1. 2. 3. 4. ; Bur. ; p- -

-
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Suctobebab Iaoli, 1908
S. trigona (Michael, 1.888) : 2. 6.; Kurosibir., Eur., Caue., W.-As.;

p.

Suctobelbella Jacot, 1937 : :
8. acutidens (Forsslund, 1941) : 1. 2. 3. 4. ; Kur., N-Am. ; m.
8. subcornigera (Forsslund, 1941) : 1. 2. 3. 4. 9. 12, ; Bur.,, N.-Am.; p.
S. subtrigona (Oudemans, 1980) : 1.; Eur.; p.
8. baloghi Forsslund, 1958 : 1. 2. 3. 4. ; Buar. ; p.

MICREREMIDAE Grandjean, 1954
Micreremus Berlese, 1908
M. brevis (Michael, 1883) : 1. ; Bur., W.-Sibir., C.-As. ; m.
Passalozetes Grandjean, 1932
P. africanus Grandjean, 1932 : 5. 15.; Xur., C.-As., maghreb.; no.
P bidactylus (Coggi, 1900) :-14. ; Eur., C.-As. ; no.

SCUTOVERTICIDAE Grandjean, 1954
Scutovertex Michael, 1879
S. minutus (C. L. Koch, 1936) : 5. ; Bur., maghreb. ; m.
S. sculptus (Michael, 1879) : 12. ; C.-W.-Eur., ; maghreb. ; m.

ORIBATULIDAE Thor, 1929
Oribatula Berlese, 1896
0. tibialis (Nicolet, 1835) : 12, ; hol. ; m.
Scheloribates Berlese, 1908
S. labyrinthicus Jeleva, 1962 : 2. 12, 5 S.-H.-Eur.; p.
S. laevigatus (€. L. Koch, 1836) : 2. 8. 9.; Eur., maghreb., N.- Anm.
trop. ; p.
S. latipes (C. 1. Woch, 1844) 5 : 1. 4.5 S.-E.-Kur. ; no.
S. pallidulus (C. 1. Koch, 1840) : 1. 2. 12, ; Bur., N.-S.-Am. ; p.
S.distinetus Mihelcie, 1964 : 1. 3.5 8. -Kur. ; no.
Ziygoribatula Berlese, 1917
7. eailis (Nicolet, 18535) : 4. ; Hur. ; m.
7. cognata (Oudemans, 1902) : 4. ; C.-S.-Kur. , no.
7. tenuelamellata Mihelcie, 1956 : 6. ; Jur. ; no.
Z. merichamere Feider, Vasiliu gi Magda Cdlugir, 1970 : 6. 13. 15.;
R. ; m.
HAPLOZETIDAY Grandjean, 1936
Haplozetes Willimann, 1935
H. vindobonensis Willmann, 1935 : 2. 3.
Protoribates Berlase, 1908
P. monodactylus (Haller, 1384) : 1. 2. 3. 4. 8. 9.10.; hol. ; p.
CHAMOBATIDAE Grandjean, 1954
Chamobates Hull, 1916
C. cuspidatiformis (Tragardh, 1904) : 7. 9. ; Kur.; p.
. cuspidaius (Michael, 1884) : 1. 2. 4. 7. 9.; Bur., N-Am. ; p.
C. spinosus Sellnick, 1928 : 1. 2. 4. 7. 9. ; Bur. ; p.
BUYETIDAE Grandjean, 1954
Euzetes Berlese, 1908
E. globulus (Nicolet, 1835) : 1. ; Eur., maghreb. ; p.

4.; Eur., maghreb.; no.
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CERATOZETIDARE Jacot, 192!
Ceratozetella Shaldybina, 1966
C. sellnickt (Rajski, 1958) : 2
Ceratozetes Berlese, 1908
C. gracilis (l\[lch‘lel 1884): 1.5 eosmop trop., sbt.,
C. fusiger Mihel¢i¢, 1956 : 2 3. ; Eur. ; no.
Fuscozetes Sellnick, 1929
F. fuscipes (C. L. Koeh, 1844) : 3. ; Rur. 3P
Globozetes Sellnick, 1928,
G. tricuspidatus (Willmann 19,)3)
C. longipilus (Selleniclk, S)‘N)
Latilamellobates Shald\‘bun 1971
L. naltschichi (bhal(h bma 1971) :
Trichoribotes Berlese, 1910

1. trimaculatus (C-. L. Koch, 1836) : 3. 9.; Eur.,
MYCOBATIDAE Grandjean, 1954
Minuthozetes Hull, 1916

M. psaudofuszqer(Schweuer 1922);
Mycobates Hull, 1916

. carli (Schwewer 1922) .
Punctoribates Berlese, 1908

P. punctum (C. L. Koch, 1839) : 1
PELOPIDAE Ewing, 1917
Eupepops Ewing, 1917

L. acromws(Hornmm 1804):7
Peloptulus Berlese, 1908

P. phaenolus (C. L. Koch, 1844) : 1. 3. 12.; Eur.,
ORIBATELLIDAR Jacot, 1923
Oribatella Barks, 1895
0. berlesei Michael, 1898 : 1. 2. 4. ; Eur.,
0. calcarata (C. L. Koch, 1836) ; 2

0. dudichi Willmann, 1938 : 1, 2

0. meridionalis Berlese, 1908 : 1. 2
ACHIPTERIIDAE Thor, 1929
Achipteria Berlese, 1885

A. coleopu*aiu, Linné, 1746 : 1. 3. hol. ; M.

A. nitens (Nieolet, 1855) : 1. 3. 4. 9. ; pal. 3D
GALUMNIDAE Jacot, 1925
Galumna von Heyden, 1826

a. elimata (C. L. Koch, 1841) : 1. 3. ; Eur. .y COSmop., trop. ; p.

G. lanceate Oudemans, 1900 : 12. ; 1u1051bn.,p.
Pilogalumna Grandjean, 1956

P. allifera (Oudemans, 1919) : 2. 3. 4. 6. ; (.-S.-Eur. ;D

. 3.5 C.-SE.-Bur., W.-Sibir. ; no

s. bip. ; p.

: C-E. Eur ; 1O,
C S -Tur,

; Burosibir. ; no.

N.-Am. s p.

2.3 Kurosibir. ; no.
; Eurvosibir. no.

; ol s p.

; Bur., maghreb., W.-

W.-Sibir., B

Cauc. ; no
7.9.12. 5 Eur., Sibir., N.-Am. p.
; C-SE.-Eur. ; no.

; C-S.-Eur., N.-E.-As. ; no.

Sibir., E.-Ax. 5 p.

~Asyp.
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EFFECT OF MAGNESIUM-GLUTAMOGILUCONATE
ON THE BASAL AND INSULIN-DEPENDENT
DIAPHRAGMATIC GLUCOSE UPTAKE
IN STRESSED YOUNG WISTAR RATS

J. MADAR, NINA SILDAN and G. FRECUS

In 30—, 45— and 60-day-old male albino Wistar rats formalin stress was induced
by injecting s.c. daily doses of 0.25 ml of 29 formalin solution per 100 g b.w., for
5 days. Under this condition an age-related modification of ‘‘in vitro®’ hasal dia-
phragmatic glucose uptake as well as an age-dependent diaphragmatic insulin
resistance were observed. The treatment of animals with Mg-glutamogluconate (10
mg per day per 100 ¢ b.w., administered i.p. from 5 % aqueous solution, for 5 days)
on the hasis of stress-induction, counteracted the insulin resistance of diaphragms,
normalising their insulin-promoted net glucose uptake in an age-related manner.
The conclusion is drawn that the age of young rals is a major conditioning factor
both in stress-evoked insulin resistance of diaphragms and in the ameliorative
“antistress” and ‘‘proinsulinic’” actions of the treatment with Mg-glutamogluco-
nate upoen stress-clicited muscular jnsulin resistance.

1t is well established that magnesium has a multiple role in the regu-
lation of carbohydrate metabolism homeostasis in mammals by interactions
with the principal glucoregulatory hormones, being necessary for insulin
biosynthesis and deposition of catecholamines (2), (3), influencing at the
same time, directly or indirectly, the activity of beta-adrenergic receptors
for adrenaline (16), (17), (18), and regulating the intramolecular translo-
cation of phosphate-group from glucose-6-phosphate to glucose-1-phosphate
(19).
As we reported elsewhere, the stress-induced age-related hypergly-
cemia in white rats is strongly linked to the muscular insulin resistance,
ie. to the reduction of insulin stimulated glucose utilisation at the level
of striated muscles (7), (8), (11), (12), (13).

Starting from the above establishments, as wel as from the amelio-
rative effects of the treatment with Mg-glutamogluconate upon the age-

. related stress-evoked hyperglycemia in young rats (9), (10), in the present

study we investigated the rate of “in vitro” glucose uptake by the isolated
diaphragmatic muscles, depending on the age of young rats, under basal
conditions, under formalin stress-stimulus, as well as under formalin
stross-induction associated with Mg-glutamogluconate administration.

MATERLALS AXT METHODS

For experiments 30-, 45- and 60-dav-old male albino Wistar rats
from the stockfarm of our laboratory were used. The animals were kept
under standard laboratory and dietetic conditions. Each age-series of ani-
mals was divided into three groups, as follows :

T. Untreated normal groups ; 11, Stressed groups by formalin admi-
nigtration ; and ITI. Stressed groups by formalin administration and trea-
ted on this basis with Mg-glutamogluconate.

REV. ROUM. B10L.— BICL. ANIM,, TOME 38, N1, P. 31—237, BULEHAREST, 1693
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Betore sacrification of individuals, the daily stress-stimulus, for a
period of 5 days, was produced by subcutancous injeetion of 0.25 ml for-
malin solution of 29 (‘““Chemapol”, Czechoslovakia) per 100 g. b.w. into
the interscapular region of the skin. At the same time, the controls were
injected with 0.25 ml of 0.99% NaCl solution. Simultaneously with stress-
induction, Mg-glutamogluconate (prepared and purchased by “Terapia”
Cluj-Napoea, Romania) was injected intraperitoneally in daily dosecs of
10 mg per 100 g b.w., for 5 days, using 0.20 ml from 5% freshly prepared
aqueous solution of this compound. The control normal animals and without
Mg-treated stressed ones were injected ip. with 0.20 ml sterilized
distilled water per 100 g b.w. :

After a fasting period of 16 — 18 hours, and 24 hours following
the above interventions, all the animals were sacrificed by cervieal disloca-
tion, decapitation and exsanguination.

The diaphragims were quickly excised and immersed for 20 minutes
in ice-cooled ( - 4°C) Krebs-Henseleit bicarbonate solution (pH = 7 4,
without glueose, and divided into approximately equal halves. From each
animal a hemidiaphragm was used for testing the basal “in vitro” glucose
uptake, while on the other hemiorgan the insulin-stimulated glucose uptake
was tested. The incubation medium was 1.0 1ml Krebs-Henseleit bicar-
bonate solution (pH = 7 -4), containing 16.7 micromoles glucose (p.a. “Mer-
ck’) and 2 mg calf-skin gelatine (p.a. “Merck”). Recrystallized gluecagon-
free ox-ingulin (“Calbiochem”, California, potency, 23 I.U. per mg, gerade
B)was used in a final concentration of 10-3 1.7, per ml incubation medium.

The incubation of hemiorgans was performed for 2 hours at 37.6°C
in an original device (6), with a gas phase of 959, 0, -+ 59/ €O, and a sha-
king velocity of 90 oseillations per minute and 5 cm amplitude, according
to our procedure (7), (8).

The initial and final glucose concentration of the incubation mediun
was determined enzymatically using a Test-Combination GOD-Perid Kit
(“Bochringer””, GmbH, Mannheim, Germany), according to Werner ef al.
(23). The colour intensity of the samples and of glucose standard was mea-
sured spectrophotocolorimetrically at 610 i, using a “Specol” apparatus
(Carl Zeiss, Jena, Germany).

The rate of basal glucose uptake (BAS) as well as the rate of elobal
glucose uptake in the presence of insulin (INS) by the hemidiaphragims
were calculated in micromoles per 100 mg fresh tissue per 2 hours. The
insulin-sensitivity of diaphragmatic musele was evaluated by caleulating
the insulin-stimulated net glucose uptake, i.e. by estimating the values
of A(INS-BAS).

The results were statistically checked for the homogeneity of the
means using Chauvenet’s criterion. Mean values were compared accor-
ding to Student’s t test, P = 0.05 being accepted as the limit of significance
of modifications against the corresponding control values.

RESULTS

As one can see from the data summarized in Table 1 and Figure 1,
under normal conditions the rate of hasal diaphragmatic glucose uptake
(BAS) in age-groups of 30-, 45- and 60-day-old animals is equal to
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.59--0.25, 4.064+0.30 and 3.46-4-0.20 micromoles per 100 mg fresh tissue
4:1' éthoux,'s, respectively. Under stress condition, in the case of 30- and
60-day-old animals the rate of diphragmatic basal glucose uptake vs. the

Table 1

Basal glucose uptake (BAS), global glucose uptake in the presence of igsl}lin (INS)
and insulin-stimulated net glucose uptake (AINS-BAS) by isolated hemidiaphragms
from normal (N), streessed (S) and with magnesium glutamogluconate treated stressed

(SMgGG) male albino young Wistar rats of various ages

Groups

micromole glucose uptake per 100 mg tissue for 2 hrs

BAS

INS

A INS—BAS

30-day-old-animals

N

4.59-0,25(8)

6.960.32(8)

2.37-£0.18(8)

4.324-0.20(8)
—5.88%, P> 0.50%)

4.89-0.18(8)
—29.78%, P< 0,001

0.56+0.05(8)
—176.37%, P<0.001%

SMgGG

4.2940.18(8)
—6.53%, P>0.10%
—3.00%, P>0.50"

6.4040.33(8)
—8.04%, P>0.10%
+30.87%, P<0,01®

2.1140.16(8)
—10.97%, P>0,25%
+276.78 %, P<0.001b)

45-day-old-animals

4,064-0.30(8)

6.27-£0.26(8)

2.2140.23(8)

3.184-0.25(8)
—21.61%, P<0.05%)

4.45+0.18(8)
—29.10%, P<0.001%

1.2740.24(8)
—42.849%, P = 0,012

SMgGG

4.154-0.26(8)
—2.199%, P>0.50%)
+4-30.36 %, P<0,001%)

6.56-0.28(3)
+4.62%, P> 0.25
+47.58 %, P<0.001%

2.424-0.26(8)
+9.07%, P>0.50%
+90.84 %, P<0.001D)

60-day-old animals

3.46+0.20(8)

4.9140.21(8)

1.454:0.15(8)

3.03--0.16(8)
—12.42%, P>0.109

4.04-£0.22(8)
—17.72%, P = 0.01»

1.0140.11(8)
—30.43%, P<0.05%

SMgGG

3.08--0.22(8)
—10.48%, P>0.25%
+1.65%, P>0.50D

4.434:0.33(8)
—9.77%, P>0.25%)
~6.95 %, P>0.05")

1.3540.16(8)
—10.00%, P>0.50%)
+33.66 %, P<0.05>

] . ] xperi tsis given in brackets.
The values represent means + S.E. The numbe? of experimen ckets.
3) lgercent modifications and P vs the corresponding N groups ; P) Percent modifications

8 = ¢, 3751

and P v

's. S groups).
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corresponding control values is mnot appreciably changed (— 5.889,
P>0.50 ; and —12.429%, P>0.10, respectively), while in animals of 45-day
age this phenomenon is significantly reduced (—21.619%,, P<0.05). The
treatment of animals with Mg-glutamogluconate on the basis of formalin-
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Fig. 1. — Percent differences vs. the corresponding normal values (N) of

“in vitro” basal glucose uptake (B), global glucose uptake in the prescnce

of insulin (I) and of insulin-promoted net glucose uptake (AI—B) by the

hemidiaphragms isolated from 30—, 45— and 60-day-old Wistar rats.

(White columns — stressed groups; shaded columns = with magnesium

glutamogluconate treated stressed groups; #I < 0.05; *¥P <« 0.01;

*xky P(0.001. The arrows indicate significant modifications between
stressed and magnesium-ireated stressed groups).

induced stress, in 30-day-old animals does not influence appreciably the
rate of basal diaphragmatic glucose uptake nor vs. the con‘espondm(r
normal value, or vs. that obtained under stress condition (—6.539%,
P>0.10 and —3.009%, ’> 0.50, respectively). On the contrary, this treat-

ment in the case of 45-and 60-day-old stressed rats counteracts the inhi-

bitory effect of stress situation upon the rate of b%‘al diaphragmatice glu-
cose uptake, normalizing this phenomenon.
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The presence of exogenous insulin (1073 LU, per ml) in the incuba-
tion mediuin, in all three age-series of rats, stimulates the glucose penetra-
tion rate nm the muscle pieces, depending on the e\penmem(\l conditions,
ag compared to the corresponding basal values and expressed in insulin-
stimulated global diaphragmatic glucose uptake (INS).

Asreterring the insulin-stimulated net-glucose uptake by the diaph-

ragms, calculated by A INS-BAZ, it is obvious that under normal con-
ditions this phenonwnon is equal to BT 4= 0,18, 2.214-0.23 and. 1. Loi~
0.15 micromoles per 100 mg diaphragm for 2 hour,s in 30-, 45- and 60-day-

old animals, respectively. Unde), stress condition, t_hls para ameter vs. the cor-

responding normal (liaphmwnmtic insulinsensitivity is markedly reduced,
being diminuished by 76.379; in 30-day-old r 1t% (P<0.001), by 42.849 in
45-dayv-old animals (P = ().0.1_), and by 30.349, in the 60-day-old ones
(P<0.05), respectively. The treatment with Mg-glutainogluconate -of
stressed rats, in all three age-series of rats, strongly reduces the stress-
evoked diaphraginatic insulin resistance, stimulating the insulin-dependent
rate of net glacose uptake by ti'\sue pieces with 276.789%, in 30-day-old
animals (P<0.001), with 80. 84 o in 45-day-old rats (P<0.001) and with
33.66 % in 60 —day- old animals (P<0 03), Iespcdlvelv as compared to the
coresponding values obtained under stress condition, normalizing at the
same time the insulinresponsiveness of stressed dldphl agms.

DISCUSSIONS.

Since the classical isolated rat-diaphragm method for the study of
muscular carbohydrate metabolism was elaborated (4), (5), (6), (19), ("1),
hemidiaphragms from white rats are largely utilized in various experimen-
tal models for testing the glucose uptake, insulin sensitivity and insulin
resistance of striated mus(’le.x considered as major blood 011100\0 consu-
mers, in this species (6), (7), (8), (22). _

From the data presented in thiy study it is evident that under the
influence of acute formalin stress-stimulus, in 30-, 45- and 60-da;
Wistar rats the basal diaphragmatic glucose uptake decreases only in the
case of 45-day-old animals, while the insulin-promoted net s,lu('(),se utiliza~
tion shows an inverse plop(nhonal diminution with advanecing in age of
individuals. These observations are.in: good agreement with our earlier
findings that the age of Wistar rats ore&tlvmﬂuen( ey the diabetogen-liyper-
glveemic and fmtnnsuhn actions of stress situation (9), (11), (12), (1 3).

Regarding the age-related ameliorative effect of Mg-glutamogluco-
nate adininistration wpon the stress-evoked diaphragmatic insulin vesis-
tance, it is pertinent to assume that in this mechanism the attenuation of
the (,l, feets of stress-induced adrenaline and corticosterone excess is mainly
involved. In faet, our recent data <emonstrate that the administration
of propranolol (a beta-adrenoceptor blocking compound) on the Dbasis of
formaiin stress-induction sig mucanblv 1educc> the diaphragmatic insnlin
resistance (8), hyper OIVCGmM thymelysis and adrenal hypertrophy, depen-

ding on the age of young Wistar rats (9), (12), (11), (13). On the other hand,
from the recent observations in our laboratory it is cbvicus that in athero-
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genic stress, Mg-glutamogluconate reduces the concentration of pirculaﬁing
free fatty acids (19), which are preferentially utilized as energeijlc substra-
tes vs. the circulating glucose at the level of strmtef‘l mucles (15) as a con-
sequence of adrenaline and glucocorticoid excess (8), (10), (16), (]_(),v (16).
Furthermore, it has Leen established that in the central nervous system
(CONS) of rats exist higly Mg-seusitive receptors and t.hel'e§0§'e Mg‘gl.gtajmo—
gluconate exerts a protective role in the stress reactivity of CNS against the
excitatory effects of xenobiotic agents (1), attenuating at the same time-
the reactivity, of hypothalamic-hypophysecal-adrenal axis, reducing the
secretion of CRRF, ACTH, corticosterone and adrenaline, and consequently
diminighing the adrenal hypertrophy and tyhmolysis in response to stress
stimulus (14). . .

Recent data show that Mg stimulates insulin _bios_ynthes;s and' is
necessary for adrenaline deposition (2), (3), thus participating in the main-
tenance of carbohydrate metabolisin homeostasis. On the basis of some
recent works it is concluded that the stress caused by strong physical exer-
cise is capable of inducing Mg deficit through various mechamsms' (16),
(17), (18). A possible explanation for decrgaspd pla;sma Mg Eoncentlz%'tlon
during physical stress is the beta-adrenergic lipolysis (16), (17), (18), snvl‘(;e
fatty acids are nobilized for muscle energy nstead of glocose, lvl‘ polysis
causing a decrease in plasma Mg, by chelating the circulating Mg with free
fatty acids and by captation of Mg ions by the adrenaline-activated adipo-
cyte membranes (16), (17), (18). .

The mention must be made that the ameliorative action of Mg-glu-
tamogluconate upon the stress-induced age—d'el}ende'nt dmphragmamc in-
sulin resistance, under our experimental conditions, is strongly correlable
with its antistress action on stress-evoked hyperglycemia (11), (12). Thig
fact suggests the possibility that ma'gpe_sium—_glutamogluqonafce is 111j'01\fefi
in the improvement of insulin seunsitivity at the level of Stl:lﬁ:t@d m}lscleb.
Our older data (20) show that MgCl, added to the incubation medium of
isolated rat-hemidiaphragms significantly stimulates juhe etfect of exoge-
nous insulin upon the rate of glucose uptake. On this basis we consider
that such a direct action, beside the indirect mechanisms described above,
of Mg-glutamogluconate on insulin-dependent transsarcolemmal glucf)se
transport may occur also in the case of stressed rat-diaphragms. For testing
this supposition, the investigation of the possible direct effect of Mg-gluta-

mogluconate upon the stress-induced diaphragmatic insulin resistance is in
progress.

CONCLUSION

The presented data suggest the conclusion that the age of young Wis—
tar rats is a major conditioning factor both in stress-evoked muscular insu-
lin resistance and in the ameliorative “antistress’ and proinsulinic actions
of the treatment with Mg-glutamogluconate upon the stress-evoked mus-
cular insulin resistance.
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METABOLIC MODIFICATIONS INDUCED BY TIMOROM®
TREATMENT IN MALE AND FEMALE WISTAR RATS

D. COPREAN, RODICA GIURGEA, DINA GOPREAN, V. TOMA and LUCICA TOFAN

Adult male and female Wistar rats were treated with Timorom® for 45 days, ina
daily dose of 5.0 mg/kg body weight. At the end of the experiment hiochemical
modifications were different in male and female rats. Glycemia, liver glucose-6-
phosphatase (G6Pase) and glycogen phosphorylase « (GPa) activities were deciea-
sed and liver glycogen slorage was increased in the male rats. On the other hand
in female group, glycemia, liver G6Pase and GPa activitics were increased, while
liver glycogen storage was decreased. In our opinion some of these different bio-
chemieal modifications oblained in male and female rats by Timorom® treatment
depend on the different way of glycogen phosphorylase system activation.

The Timorom® ix a drug used in glaucoma treatment. It contains
timolol, a nonselective beta blocking agent (4,7).

Because it is well known that beta-blocking agents, widely used in
medical therapeutics, have some secondary negative effects such as an
increase of xerwn light density lipoprotein/ high density lipoprotein ratio
(4), our purpose was to observe a posssible secondary effect of Timorom®
treatinent on some of carbohydrate metabolic parameters in rats.

AMATERIALS AXD METHODS

Our experiments were performed on adult male and female Wistar
rats. _

The following groups (of 8 animals each) of both sexes were set : male
control group (Cm); female control group (Cf); male group which received
Timorom® in the food (5.0 mg/ ke b, daily, for 45 days) (Tmn);
female group which received Timorom® in the food as group Tm (Tf).

At the end of the experiment, the animals were killed by decapitation
at 9 o’clock in the morning, after a previous fasting for 16 hours. The liver
was immediately sampled and the following determinations were perfor-
med : glycogen content (11), glycogen phosphorylase « (GPa) (6) and glu-
cose-6-phosphatase (G6Pase ) (5) activities. We performed the glycemia
(13) as well. :

The results obtained were processed statistically using Student’s
“47 test (17). The homogeneity of the media was tested using
Chauvenet’s criteria and the aberrant values were eliminated. The statis-
tical significance was considered at p = 0.05.

RESULTS AND DISCUSSIONX

Table 1 gives the mean values and the standard error for the controls
and for the group which were receiving Timorom®.

The treatment with Timorom® for 42 days caused important modi-
fications of the studied metabolic parameters. It is noticeable that the
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sense of those modifications were sex dependent : glycemia lowered in the
male rats (—12.05%) and was increased in the female rats (--47.35 %) 3
liver hlycogen storage was elevated in the male rats (--292.00 % and decrea-
sed in the female rats (—29.899,) ; G6Pase activity decreased in the male

Table 1

The effect of Timorom B administration on glycemia (8), liver glycogen content (G),
liver glycogen phosphorylase ¢ (GPa) and glucose-6-phosphatase (G6Pase) activities

inmale and female Wistar rats

G Go6Pase GPa
g /g fresl
Groups , mg/g fresh
P (mg %) ¢ %isbsue (nmols Pi liberated/minute/ mg protein)
Cm N4 SE 107.941.9 13.26--1.23 11.674-0.31 24.92+41.23
n 8 8 7 8
Tm X4 SE 94.94-3.3 51.984-1.65 10.374-0.39 10.38+1.00
n 7 8 8 8
P < 0.01 0.001 0.05 0.001
+Cm —12.05 +292.00 —11.13 —58.43
Cf X+SE 67.84+2.2 16.194-1.29 8.64--0.72 18.554-0.99
n 8 7 8 8
Tf X4 SE 99.94-3.1 11.354-1.38 13.244-0.81 23.864+-1.28
n 8 8 8 i
p < 0.001 0.05 0.001 0.01
+Ci% +-47.35 —29.89 --54.40 +28.52

Note; X = means; - SE = standard errors; n = number of individual values; p = signifi-
cation limit; +Cm % and 4-Cf9% = percentage differences versus controls,

(—11.139) and increased in the female animals (-54.40%,) ; finally, GPa
activity was decreased in the male rats (—58.439,) and increased in the
female ones (+28.529%,).

The glycogenolytic action of beta adrenergic agents in the liver appe-
ars to be mediated via the elevation of cellular levels of eyclic AMP (18).
All the enzymatic steps of this process have demonstrated, i.e., the acti-
vation of adenylate cyclase (14), cyclic AMP-dependent protein kinase
(2), phosphorylase kinase (16), and phosphorylase (18), More recently, the
glycogenolytic action of epinephrine (8, 15) has been demonstrated to be
also mediated by alpha-adrenergic receptors, but this process is not accom-
panied by an elevation of cyclic AMP levels (2, 9, 19).

It comes out that hepatocytes of juvenile male rats exhibit both
alpha- and beta-adrenergic receptors activation of glycogen phosphory-
lase, where as in older rats the alpha-adrenergic response becomes predo-
minant (1, 12, 19). McMillian et al. (10) found that the number of beta-
adrenergic receptors decreased slowly during the development (up to 100
days), while the number of alpha,_ receptors increased from birth to the
26-th postnatal day.

Metabolie modifications induced by 'T'imorom 41

Our animals aged 75 days, an age whqn beta-adrenergic routT'G in gl};i
cogen phosphorylase system activation is still operative. We 1‘0}1n
that treatment with Timorom® caused in male rats a decrease 01; liver
G6Pase and GPa activities ; enzymes implied in the glycogen. breakdox.vp.
Tt is possible that GPa inactivation was due to a beta-adrenergic
blockade induced by Timorom®, on the one hand, a dificiency of the cate-
cholamine action via alpha-adrenergic receptors, on the other hand. In
our opinion the increase of liver glycogen storage in male rats may be-]du.e
concomitantly to. an activation of the glycogen synthase system. There
were reported in the literature some diffe;rences bet\yeen ma:leg apd jfel‘lfzvtles
regarding both alpha-and beta-adrenergic ways to implement hve_1 aly C(l)-
renolysis ; alpha-adrenergic route being more important in adult fema g
rats (Studer & Borle, cited by 3). We ﬁound in female rats an afz.ce‘li;u}lated
glycogenolysis which was correlated with an increase in the liver GFPa an
G6Pase activities, and with glycemia too, after T.imorom® treatnmgi_: (see
Table 1). In our opinion GPa activation and then liver glycogen)brea.hdown
in female rats, were made rather by Ca** than by cyclic AMP as second
messenger, because consecutive to the beta-adrenergic blockadg, alpha
adrenergic route (a cAMP-independent pathway), very important in adu%t
female rats, has become the single modality to activate the phosphorylase
system.

CONCLUSIONS

1. A 45 days Timorom® treatment caused modifications in carbohy-
drate metabolisin of hoth male and female Wistar rats.
2. The sense of those modifications was sex dependent.
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HEPATIC HEMATOPOIESIS EXPERIMENTALLY INDUCED

IN THE ADULT MOUSE
PAULA PRUNESCU

. Chronic anacniia experimentally induced by phenylhydrazine led to the appea-
rance of all types of hematopoictic colonies in the liver of the adult mouse. Ery-
throid and blast colonics were the most frequent, but the other types like granu-
Jocytic, megakaryocytic and mixed colonies were also present. Ultrastructural fea-
tures of different Lypes of hematopoictic colonies oceurring in the territory of
the adult liver were presented.

Tn the adult mammals, the only source of blood cells is the red bone
marrow. Foei of extramedullary hematopoiesis which may appear in man
after birth are always associated with a series of diseases, such as decom-
pensated anaemias, infections diseases, idiopathic myelofibrosis and myelo-
gelerosis, cancers (2).

Experimentally, the extramedullary hematopoiesis process in adult
mammals can be modelled by drastic conditions of anaemia induction. In
the recent literature there are only few papers dealing with the extrame-
dullary hematopoiesis. Nevertheless, various experimental methods such
as : Dbleeding, hypoxia, phenylhydrazine, crythropoietin, hypertransfu-
sion, endotoxin, methyleellulose (4), (13), (14), (20), aimed at the obtaining
of hepatic hematopoiesis. )

Using the method of phenylhydrazine induction of a decompensa-
ted anaemia (17), (23), we obtained the hematopoictic colonies inthe liver
of the adult mouse and studied them by electronmicroscopy.

MATERIAL AND METIHOD

Adult male albino mice weighing 25 —28 g were distributed into groups
of 8 individuals each. A different number of intraperitonelly phenylhydra-
zine inoculations performed at intervals of 4 days werre carried out in every
group, respectively, 3, 7, 14 and 20 inoculations. The animals were sacri-
ficed 24, 48 and 72 hours after the last inoculation. Many animals, espe-
cially in the last inoculation group, died in the course of the experiment.
‘After 7 ingeulations a few animals were held for a month without any treat-
ment, after which they were submitted to 14 inoculations, The survivors
were sacrificed 48 hours after the last inoculation. The administered doses
ranged from 30 to 100 mg phenylhydrazine hydrochloride/ kg body weight
of living animal (19), (25). The solution was prepared extemporaneously.
The animals were sacrificed by decapitation. For the red blood cells count,
blood was sampled on KDTA-Na (21). Liver fragments were fixed in 10%
salt forma line and processed according to the routine histologic techuigues,
The parafine tissue sections thick of 4 —5 . were stained with hemalum eo-
sine and Perls reaction for the detection of ferric iron (11). For the identi-
fication of the hematopoietic colony types the Giemsa-colophony staining
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was used (15). The hematopoietic colonies counted on sections were per-
formed according to the technique deseribed by Pfrimmer (13). To
compare the anaemia levels, the control values of the red blood cells/mm?3
were taken after Russel and Bernstein (16).

For ultrastructure research, small liver fragments were fixed in
2.5, glutaraldehyde solution in cacodylate buffer at a pH 7.2 for 12 h, and
postfixed in the same buffered 1,339, osmium tetraoxide solution, for 2 h
at the room temperature and in the darkness. The material was included
in a Vestopal type medium produced in Romania. The ultrathin sections
were stained with uranyl acetate and contrasted with lead citrate . Obser-
vations were performed on JEM 7 Electron Microscope at 60 MeV.

RESULTS

In the blood of all experimental groups a marked lowering of the
number of erythrocytes/mms3 was recorded (Table 1).

In the liver, Kupffer cells were the first which reacted to the hemo-
lytie treatment. They were activated for the clearing activity of the lysed

Tabel 1

Development of Anemia and Hepatic Tlematopoiesis during
the Phenylhydrazine ‘Ireatment

Treatment Hepatic Tlematopoiesis Colonies (N4 SE/200 microscopic
Nr. Time | ed cells fields)
inoc. of 10 mm?3 [
PH sacrif. TOTAL E G ; M Mx B
!
3 24 h 6.02 232412 242 2146 2816 2744 834
48 h 5.22 367457 | 19841 794-24 2846 2443 238-L58
7 24 h 4.55 1884-20 664-13 3943 943 842 644-12
48 h 4,22 4704-68 | 135440 | 12043 344-19 1548 163432
14 24 h 2.40 2044-26 5047 574-12 1844 4+1 73412
48 h 2.39 3424-29 8148 494-6 2745 844 175+23
20 24 h 3.69 143415 384-9 144-4 1344 14-L5 6610
(+) 72 1 5.86 66,5 8.5 7.5 13.5 6.5 31.5
7+14) 48 h 4.54 189.5 24 27 17.5 18.5 102.5
(+)
Controls 10 <1 0 0 0 0 <1
E = erythroid; G = granulocytic; M == megacarvocytic; Mx = mixed; B = Dblast

PH = phenylhydrazine,.
Each value, mean+ SE, of four mice
(-+): simple arithmetic mean

erythrocytes in the blood stream. They were marked by loading with
siderin and ferritin and appeaved strongly Perls-positive. The sinusoids
were dilated and loaded with mononuclear cells, among which erythroblasts
were Iidentified.

After the first days of treatment, the onset of hematopoietic colonies
formation was observed : some mononucleated cells with a basophilic

3 Experimentall induced hepatic hematopoiesis 45

cytoplasm penetrared into Disse’s space around Kupffer’s cells overloaded
with siderosomes. They entered into division, became numerous and exten-
ded in the hepatic territories. The hematopoietic colonies in the liver were

" of various types. The blast type of colony was made up of basophilic cells

with large euchromatic nuclei. This colony type had not yet begun its
differentiation process.

The differentiated colonies were formed of cells belonging to a blood
lineage. Frequently, pure erythroid colonies, consisting of erythroblasts,
may be seen. Also pure granulocytic colonies were present . The colonies
were often made up of a mixture of erythroid cells and myelo-
cytes. There were mixed colonies. Between the cords of hepatocytes large
cells with polyploid nuclei, the megakaryocytes may be observed.

The hematopoietic colonies developed in the portal space area, in the
hepatic lobules and in the subcapsular areas. ‘

In the experimental groups in which 3, 7, and 14 inoculations were
made (Table 1) the main colony types showed a linear development (either
in an increaging or in a decreaging direction). There were recorded signifi-
cant differences between the number of colonies of any type countedin the
liver 48 h after the cessation of the tratment and the colony number found
when the animals were sacrificed after 24 h from the last inoculation.

" During the first inoculations a continuous coordination between the
number of erythroid colonies and the that of blast colonies was noted. As
the tratment was continued a lowering of the number of both categories
of colonies was recorded. At the same time the number of granulocytic
colonies was slightly increased. The megakaryocytic colonies showed a
somewhat different development, probably related by own differentiation
stimuli. Likewise, the category of mixed colony did not range within a linear
development.

A significant lowering of the number of colonies of any type was noted
in the animals which survived 20 inoculations. The same observation was
recorded in the group of animals in which the treatment was continued
after a pause.

The electron microscopic observations confirm the existence of
the hematopoietic colony types. All these colonies were sitted in the hepatic
cords ocutside the sinusolds. Frequently pure erythroid colonies were found.
Some of them were made up of a smaller number of cells, whereas others
were widespread, as aresult both of the multiplication of the component
cells or of the confluence of several colonies (Fig. 1). In an erythroid colony,
the constituent cells were organized around a Kupffer cell. Usually, Kupt-
fer cells contained numerous siderosomes in their eytoplasm. Between the
cells of the colony and the Kupffer cell there were close membrane relation-
ships. The cells making up these colonies were erythroblasts, most frequen-
tly synchronous. The erythroblasts of the various erythroid or mixed colo-
nies (Fig. 2) may be either very young or more advanced in differentiation.
Their typical morphological feature was the aspect of the cytoplasm,
namely a certain density due to the degree of loading with hemoglobin of
the cell stroma. In addition, the erythroblasts were characterized by a
small number of organelles : small sized mitocondria and a few endoplasmic
reticulum tubules. The young erythroblasts were marked by a density of
ribosomes in the cytoplasm. The nuclei of these erythroblasts had a chro-



I

r'” 0
f
I

46 Paula Prunescu 4

matin with a coarse drawing and nucleoli. The erythroblasts in o more ad-
vanced stage had still fewer organelles and a condensed, diminished, even
pycenotic nucleus.

The cells of the pure granulocytic colonies were synchronous (Fig. 3).
They had close membrane relationships with the macrophages around
which they differentiated. Some colonies were made up of very young cell
brecursors, of which granulocytes will differentiate. These cells displayved
morphological features of myeloid precuisors : a large slightly curved nu-
cleus, a rough endoplasmic reticulum, memhbraneous vegicles, fine granu-
lations, centrioles.

The cells of which megakaryocytes will differentiate were characte-
rized by the presence of a massive or lobate nucleus, a well-developed
smooth endoplagmic reticulum and numerous lax ge-sized secretory granu-
les (Fig. 4).

The hematopoietic colonies were always placed in Disse’s space (Iigs.
1, 2, 3, 4). The cells presented a multitude of fine cellular processes, As @
colony increased, it was deeper pushed into the territory of the liver epi-
thelium. The cells of the colony spared the cell membrane of the adjacent
hepatocytes. Tf the hepatocytes were damaged (,,dark” hepatocytes)

(Fig. 1), a cell dislocation can occur under the presence of the hematopoietic

colony.

DISCUSSION

During the phenylhydrazine treatment, a hemolvtic anacmia o ceurred.
o 5 o o 2 %

in which the loss of erythrocvtes cxceeded the compensation capacity
of the red marrow (17), (23). The anaemia developed following this treat-
ment had as a consequence the stimulation of the ervthropoietin secretion
(7), (18). (22). The high ervthropoietin levels may be associated with the
diminution of the nermal hematogenous marrow-blocd barrier and with
the premature release of young, poor differentiated elements into the cireu-
lation (3), (10), (26).

The appearance of blood islands in the liver of mice {reated with phen-

ylhydrazine was a significant phenomenon, since this precess had never

occurred in controls (lable 1).

In contrast with other authoers (13), (14), (2¢) who performed the
treatment in a slow rhythm by weekly phenylhydrazine inoculations in this
experinient the {reatment caused o whipping of the meduallary response.

The high frequency of stimuli led to a lowering of the meduilary response,.

especially in the experimental group in which 20 phenylhydrazine inocula-
tions were performed. There was a tendency to exhaustion of the medullary
rescurce of stem cells,

- The appearance of differentiated types of colonies in the liver was.

a proot of the existence of Iocal micioenvironment conditions for hemato-
poletic difierentiation (6). The erythroid differentiation was provided by

Fig. 1. — Pure colony of erythroid cells in the mouse liver, Erythroblasts are arranged
around-Kupffer cells overloaded with siderosomes. 2,400%

B 5 R R 2 3 8 et g

Fig. 2. — Mixed colony. Nofe the numerous synchronous erythroblasts and a cell in
granulocytic differentiation which presents two nuclear profiles and the cytoplasm charged
with fine granules and membrancous vesicles. The colony cells are in close-relation will

the lamellar processes of the Disse’s space. 6,000 *




Fig., 3. — Granulocytic colony near Kupffer cells overloaded with the remmants of the
destroyed erythrocytes. The synchronism of the myelocytes in the colony is evident. 6,000%*

Fig. 4. — Precursor cell of the megakaryocyte, characterized by a large incurved nucleus,

an abundant endoplasmic reticulum, large-sized sccretory granules. This cell represents

close membrane relationshipys with a macrophage overloaded with debris of wasted ery-
throcytes, siderosomes and ferritin, 7.100%
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the relation erythroid colony — Kuptter cells overloaded with ferritin. The
Kupffer cell assumed the role of the nurse cell (3). Another factor favouring
the hepatic exythropoiesis seemed to be the local tissular hypoxia.

The granulocytice differentiation was probably stimulated by the
accumulation in the microenvironment of the products resulted from the
phenylhydrazine metabolism. Modern “in vivo” and “in vitro” research,
(9), demonstrated the specific activity of somwe granulecytic stimulation
factors. '

The hepatic megakaryocyte was considered as originating from a
stem cell and as equivalent to a whole colony (13). The megakaryoeytic
differentiation was premoted by the presence in excess of some interme-
diary compounds of the hemoglohin metabolism (24). This condition related
to the hemolysis produced by phenylhydrazine cccurred in the present
experiment.

The presence of mixed colonies could plead for the implantation in
the liver parenchyma of the circulating pluripotent stem cell (1), (12).
However, it could he possible that such colony types resulted from the
union of two or several pure colonies deriving from committed stem cells (8).

Our nltastructural observations revealed some data on the features
of hematopoietic colonies experimentally obtained in the liver of mice :

— The hepatic hematopietic colonies always developed in close rela-
tion with one or several Kupiffer cells which intensely exerted their pha-
goeytic functions. Kupffer cells seemed to represent a modulator of the
cellular microenvironment.

— The hepatic hematopoietic colonies developed in the territory of
the Disse’s space. The cells with hematopoietic potentialities penetrated
into Disse’s space from the blood stream, had an active phase of multipli-
cation, leading to the appearance of extravascular colonies, The cells of the
hepatic hematopoietic colonies were often synchronous.

— The cells of the hepatic hematopoetic colonies always maintained
close membrane relationships with the surrounding hepatocytes.
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INFLUENCE OF SOME ACEXAMYC COMPOUXNDS ON
EXTRACELLULAR AND INTRACELLULAR DISTRIBUTION
OF WATER AND IONS

1. NEACSU, P. ROT_INB'ERG, SMARANDA KELEMEN and GH. DANILA*

The effects of the acexamye acid, ZnS0O,, MgSO,, ACX-1354 and ACX-1358
derivatives (Zn and My, respectivelly, salts of the acexanye acid) on the tolal
content and distribution of waler and Nat, K%, Ca?t jons in extracellular and
intracellular compartments of the muscle tissue ,,in vilro’’ incubated with these
agents, were investigated. The results highlighted specific modifications induced
by the studied derivatives, both of water and jons total content and of their
distribution, as compared to the control agents. These effects allow to consider the
acexamye compounds as membranolropic agents with a permeahilizing action of
the cell membrane.- - -~

The importance of the cell membranes in waintaining the cellular
morphological and physiological integrity, by modulation of exchanges
due to their interaction with different agents, the involvement of the mem-
brane modifications in the ethiology of some diseases justify the membra-
nology researches which follow the elaboration of certain therapies by the
reestablishment of the membranary normal state (1), (2), (3), (8), (9).

The protective effect of some acexamye acid dervivatives (6) (12) and
Zn salts to uleerogenic action of certain agents on gastric mueous niembrane
suggested us to investigate their probably action mechanism.

In the present paper, the interaction of some acexamye derivatives
with cellular membrane is exposed, by studying their specific effects on
tissue repartition of water and of Na, K* and Ca?*jons in extra- and intra-
cellular compartiments.

"MATERIALS AND METHODS

“In vitro” action. of ACX-1354 (Zn acexamate) and ACX-1358
(Mg acexamate) compounds was studied as compared to that of the ace-
xamye acid as well as of ZnSO and MgSO — because of the acexamye
anion and Zn2?* and Mg?* cations present in the derivative structure —
added to the medium in & dose of 0.6g/100 ml.

The experiments were performed on sartorius muscles isolated from
Rana ridibunda Pall frog and * in vitro” incubated for { hree hours at room
temperature in normal Ringer physiological solution (pH 7.2) containing
or not the studied agents. Each experimental series was realized on mini-
mum five aniinals.

Total water content (g/100 g fresh tissue) was determined by the
difference between the fresh tissue weight and that one after drying at
105°C. Starting from the dried and mineralized tissue, the total amount
of Na*, K* Ca*ions (mg/100 g fress tissue) was assessed by flamphotome-
trical method (7).

The extracellular space was estimated by the inulinic space method
(4) incubating the treated and control museles in Ringer solution with 1 %
Inuline. The intracellular space was evaluated by the difference between
total water volume and that one of the extracellular water.
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The extra- and intracellular ionic contents (mg/100 g fresh tissue)
were calculated taking into account the extra- and intracellular water
amounts, the extracellular ionic concentration equivalent with that one
from incubating Ringer medium as well as the total ionic quantity.

The statistic significance was established using Student’s “t** test (4).

RESULTS

“In vitro” incubating of the sartorius musele in Ringer solution, con-
taining ACX—1354 or ACX—1358 products, acexamyc acid, Z nSO 4 OT
MgS0,, was correlated with modifications both of the total water and Nat,
x* Ca?* ions content and of their distribution in the extracellular and
1ntracellular compartiments,

The experimental results are presented in Tables 1 —4, they reflecting
the water and ionic content variations from tissular compartments under
the treatment influence as compared with the untreated control.

DISCUSSIONS

Numerous researches emphasizéd that the cell membrane represents
the preferential target of the action of a wide range of active biological
agents, their action mechanlsm being conditioned by the membrane struc-
tural and functional particularities as well as by the specific structure of
these membranotropic agents (1), (3), (9), (10).

In certain diseases there were registered modifications of some mor-
phophysiological parameters of the cellular membranes, being evidented
the positive effect of the agents which restore the normal functional state
of membranes (1), (2), (5), (8), (9).

Thus, it was observed the protective effect of some acexamye acid
derivatives in the case of ulcerogenic action of certain agents of the astrie
mucous membrane (6), (12). '

The cell membrane implicationg in the expression of the iniracellular
eficct of some membranotropic agents justified the investigation of the
ACX-1354 and ACX-1358 acexamye derivatives action at the membranary
level by following their specific effects on water and Na*, K*, Ca®* ions
repartition in ﬂle extra- and intracellular compartments, comp;u atively
with the action of acexamyec acid, Zn®** and Mg2+ which arein the chemical
structure of these derivatives.

The analysis of the obtained results highlighted that all studied agents
induced speclhe modifications in the extra- and intracelular repartltlon
of water andions, compared to the untreated control, suggesting an action
of membranary permeabilisation.

Thus, it can be seen that the ACX-1354 and ACX-1358 induced a
significant increase of the extracellular water velume (50.7%, and 67.3%,
reqpectlvely, as compared to the control), which was correlated with
an adequate decreasc of the intracellular one (11.69%, and 21.79%,, respec-
tively). The total water amount mcreased easily (1. 8%) under the action
of ACX-1354 product and decreased (2.99%,) to ACX-1354 derivative action

3 Membranary action of the acexamye derivatives 51

(Table 1). The acexamye acid and MgSO, effects are generally similar to
that one of the ACX- 1358 (lompound W hlle the action of ZnS0O, is diffe-
rent, it determining easy augmentations of the water content in all com-
partments. _ ‘ o
Therefore, it can be appreciated that the specific effects on water
distribution are due the convergent action both of the acid component
and of the ion form the struclure of derivatives.
All studied agents induce identical modifications of the membrane
ermeahility for \*a- {('l'able 2), Thus, it ix observed an increase of Na+
extracellular content (11.59%, at ACX- 1354 and 8 94 at ACX-1358), cor-
related with decreases of the intracellular one (52.49% at ACX -1354 and
86.29% at ACX-1358) and of the total amount (19.89%, at ACX-1354 and

Table 1

Water total content (g¢/100 ¢ wel weight) and water distribution in the muscle tissue, incubated
with different agenls (0.6 ¢,). Figures in br uk('lx m(hc e lhe L\pellment number

l’.cprulltmn (\ l S)

Treatment T'otal Extracellular Intracellular
Control 80.914-0.32(5) 17.1140.68(5) 63.8340.61(5)
ACX-1354 82.40.-0.33(5) 25.784-0.48(3) 56.4240.90(3)
. p /0.02 p < 0.001 p < 0.001
Zns0, 82,77 4-0.20(5) 18.56 1+ (1.053) 64,21 :-1,00(3)
- P/ 0.002 N.S. N.S.
ACX-1358 78.644-0.24(5) 28.634:0.35(D) 50,01 4-0.55(5)

p / 0.001 p < 0.001 p < 0,001
MgSO, 79.3140.21(5) 27.3240,26(H) 51.994:0.33(8)

p / 0.01 p < 0.001 p < 0.001
Acexamyec acid 79.104£0.38(5) 32.204-1.24(5) 46.904:1.48(5)

p / 0.01 p < 0.001 p < 0,001

Table

2

Total, extracellular and intracellular Na* (img/100 g wel \cnoht) in the muscle tissue
incubated with different agents 0.6 g%

7o)-

Repartition (x4 ES)
Treatment
Total Extracetular Intracellular
Control 89.72-4-14.79(5) 15,84 4£1.84(5) 43.88:14.10(5)
ACX-1354 71.95+3.33(5) 51.07-£0.95(3) 20,88 :2.52(5)
p < 0.02 p < 0.01 p < 0.002
ZnS0, 86.94 - 4. 16(5) 46,85 +2.63(5) 40,19 4 3. 90(5)
- N.S. N.S. N.S.
ACX-1358 55.984-0.57(0) 49.93-£0.60(D) 6.05:£0.79(b)
p < 0,001 p < 0.01 P < 0.001
Mgs0, 79.314:3.08(5) 55.054-0.52(4) 24,26 42.13(5)
N.S. p / 0.001 p < 0.01
Acexamye acid 89.45--4,83(5) 63.704-2.45(5) 26.75--3.99(5)
N.S. p < 0.001 p < 0.02
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37.69% at ACX-1358). Similar variations were determined by acexamye
acid, ZnSO, and MgSO, actions, but the ZnSO, cffects were weak. Thus,
it i ascert'uned that all agents 1nduee a depletion of Na+ from the cell.

It can be concluded that in the case of ACX-1354 product, the res-
ponsible-factor for the effects on Na+ would be the acid radieal from the
structure of the molecule. The acexamye aeid effeets are stronger than those
of the ZnS0,. In the case of ACX-1358 derivative the cffects on Na+ would
be.due tothe both molecular components, but Mg2+ seems to be prevalen-
tly in- determining. the Na+ depletion.

The ACX-1334 compound modifies {the membrane permeability for
K+ (Table 3), which leads to a decrease of K+ infracellular content (47.89,,

Table 3

‘Total, extracellular and intracellular K+ (mg/100 g wel welght) in muscle tissue
incubaled with different aoenls 0.6 g%)

_ Membranary action of the acexamyc derivalives

.58

putb in the case of the last they were much weak. These results allow to
consider that the action of ACX-derivative on Ca2* dynamics would be
mainly due to the acid component from its molecule. The ACX product
resented different effects on Ca*+ repartition : a decrease of the intra-
cellular amounts (15.7 %), an increase of the extracellular one (66.79,) and

Table 4

Total, extracellular and intracellular Ca*" (mg/100 g wet weight) in the muscle tisstue

incubated wilh different agents (0.6 g%)

Reparatition (x_j; 15S)

Trealnient
Tolal Extracelullar Intracelullar
Control 7.90--0.47(5) 1.4140.06(5) 6.494-0.52(H)
ACX-1354 11.114-0.97(5) 2.1240 04(h) 8.994-0.99(3)
p < 0.02 p < 0.001 p = 0.05
ZnsS0, 8.954-0.88(5) 1.52:40.08(5) 7.43;&0.93(5)
N.S. N.S. .S,
ACX-1358 7.82-+0.43(5) 2.3540.03(5) 47j_O 45(5)
N.S. p < 0.001 N.S
MgSO, 8.504:0.37(5) 2.24-4+0.02(5) 6.26-+0. J«S(o)
N.S. p < 0.001 N.S
Acexamyce acid 10.37-£0.71(5) 2.6440.11(5) 7.73,4;0.79(5)
: p < 0,02 p < 0.001 N.S.

Reparlition (x4-13S)
Treatment
Total Iixtracellular Intracelullar
Control 329.674-8.07(5) 1.67:£0.07(5) 327.90--8.09(5)
ACX-1354 ©173.824£8.89(5) 2.5240.05(5) 171.304-9.92(5)
p < 0.001 p < 0.001 p < 0.001
ZnS0, 134.81:7.81(5) 1.8140.10(5) 133.004£7.90(5)
p < 0.001 N.S. P < 0.01
ACX-1358 367.87--21,82(5) 2.80+0.03(5) 365.074-21.54(5)
N.S p < 0.001 N.S.
MgSo0, . 348,34+ 12 71(5) 2.6740.04(5) 345.67-412.47(5)
N.S p < 0.001 N.S.
Axcexamyc acid 171.62;{;9.46(.)) 3.144-0.13(5) 168.484-9.38(5)
P < 0.001 p < 0.001 P <« 0.001

as compared to the control), concomitantly with an increase of the extra-
cellular amount (50:99,) and a decrease of the total one (47.3%,), thus
registering an important depletion of K+ Same modifications of the K+
ion were induced by the acexamye acid and ZnSO,. Probably the effect
of the ACX-1354 derivative on K+ represents the result of the convergent,
actions of both components from its molecule.

The ACX-1358 compound action determines different effects, leading
to the augmentation of K+ content in all compartiments : intracellular
(11.3%),

tered in the MgSO, action. These data suggest that the action of the pro-

duct on K+ is due to Mg®+ ion from its molecule and not to acexamye

radical, which hags different effects. :

The effects of both derivatives on (a2+ distribution were also dif-
ferent (Table 4). Thus, ACX-1354 indreed an increase of the Ca?* content
in all’ eompartiments : intracellular (38.59%,), extracellular (50.3%,) and
total (40.6%,), this being justified by an influx from the incubating medium,

The acexamye acid and ZnS0, were characterized by the same effects,.

extracellular (67.79%,) and total (11.69%,) on the basis of a K+.
influx from the incubating medium. Similar modifications were also regis- -

a very slight decrease of the total content (1.09,). Similar effects were regis-
tered to MgB0, action. It can be concluded that the ACX-1358 derivative
action on C‘d~+ represents the consequence of the presence of Mg?+ in its
structure. :
The bulk of the experimental data revealed that the acexamye deri-
vatives exert a strong influence on the membrane permeability for water
and ions, modifying 111911 distribution in the tissue compartments. Thus,
they can be characterized as membranotropic agents, which induce a new

level of the extra- and intracellular ionic concentration as well as of the
ratio between the ions.

These modifications determined by the acexamye derivatlives allow
to presume positive influences on the cell metabolic processes, the enzy-
matic activity and the aminoacids and glucose transport (1), (9), (10), with
implications on their antiulcerous therapeuntic effect (6), (12).

The membranary action of the acexamyce derivatives imposes the
dnvestigation of their effects on the water and ions transmembranary
fluxes, the ionic pumps activity, the report between the active transport
and the passive one, as well as on the intra- and extracellular ionic ratios.
Thus, there would be evidentiated the specific interaction of these agents
With the cell membrane and the membr anary mechanisms involved in the
111(11101110“ ol their specific action.
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THE ACTION OF SOME ACEXAMYC DERIVATIVES ON
WATER AND [ONS TRANSMEMBRANARY DYNAMICS

PoROTINBERG. L NEACSU, SMARANDA KELEMEN and GIL DAND,X#

The inJluence of acexamye derivalives ACN— 1354 and ACN-1358 was invesligaled,
as compared lo that one of Uweir structural components (acid, Zn and Mg), on
hiydrous and jonic transmembranary fluxes, extra- and intracellular jonic  ralios,
as well as on the involvement of theaclive and passive lransport mechanismns.
The modifications of the waler and Na*, K+ and Ca?* jons dynamies, argued by
the variations of their quantilative distribution in the tissue compartments, of
the extra- and intracellular jonic ralios — delermined by the amplitude of (he
hydrous and ionic influxes and cfluxes, as well as of Ure proportion bhetween (he
aclive and passive mechanisms of (he transmembranary Lransport — confirm the
membranotropic action of Lhe Zn and Mg acexamales. These seein (o bhehave as
hyperpolarizing and slabilizing nembranary agenls, explaining, thus, Lheir recor-
ded effect of membrane prolection.

The elfeels of Zn and Mg acexametes on cell membrane permeahility,
iMustrated by the modifications of waler and Na+, K+, (a%rions distribu-
tion in extra- and intracellular compartiments, were previously evidenced
(9).

The characterization of these compounds as imembranotropic agents
imposes the following of their interaction with the cell membrane and of the
membranary mechanism involved in inducing their specific action (4),
(16), (17).

In the present paper there are induced the results oblained in the
investigation of the ACX-1354 and ACN-1358 acexamye derivatives influ-
ence on water and ions {ransmembranary fluxes as well as of their con-
gequences on extra- and intracellular ionie ratios,

MATERIAL AND METIIODS

The experiments were performed on sartorius muscles isolated from
Rana ridibunde Pall. frog and “in vitro” incubated three hours at room
temperature in Ringer physiological solution (pH 7.2) containing or not
0.6 g/100m! of acexamyc products; ACX-1354 (4n acexamate) and
ACXN-1358 (Mg acexamatc). TFor an objective appreciation of their effects,
the action ol acexamye acid as well as of ZnS0O,; and Mg SO, were also fol-
lowed in the same experimental conditions, in relation to the presence of
acexamyc anion and Zn and Mg cations in the studied derivatives strue-
ture. :

The estimation of water and ions transmembranary fluxes was based
on the registering of their distributlion in extra-and intracellular compart-
ments. The total water volume (1n1/100 g fresh tissue) was calculated by
the difference between the tissue weight before and atter drying at 105 °C.
The extracellular water amount was assessed Ly inulinic space method
(8) both for treated and untreated muscles. The intracellular space was
established Ly the difference between the total water volume and the one
extracellular,
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The total concentration (mg/L00 ml total tissue water) of Nai, K+ and
a2+ ions was calculated on the basis of total tissue ionie content (mg/100 ¢
fresh tissue) determined by the flamphotometrical method (13). Tonic
content (mg/100 ml tissue water) form intracellular compartment wax
appreciated taking into account the intracellular water volume, the extra-
cellular ionie concentration equivalent with that from incubating Ringer
solutions, as well as the total ionic amount,

The experimental results, included in the tables, were estimated on
the basis of the average values of water and ions contents (ing/100 g fresh
tissue) presented in a previous work (9).

RESULTS

“In vitre” treatment of the sartorius musecle in Ringer solution con-
taining Zn and Mg acexamates, ax well as acexamye acid, Zns0, or MgSO,
(0.6g/100 ml), was correlated with some modifications of the water trans-
membranary dynamics. These are suggested by the values of total, extra-
and intraceliular hydrous volumes {(Table 1),

Table 1

Total, exlre- and intracellular water conlents (%) of lhe fresh muscle tissue incubated with
different agents (0.6g/ 100 ml). Figures in brackels indicate lhe experinients number

Distribulion (%)
Treatment

Tolal IExtracellular Intracellular
CONTROL - 100.00(5) 100.00(5) 100.00(5)
ACX-1354 101.80(5) 150.70(5) 88.40(5)
ZnS0O, 102.30(5) 108.50(5) 100.60(5)
ACX-1358 97.10(5) 167.30(5) 78.30(5)
MgSO, 98.00(5) 159.70(5) 81.40(5)
Acexamyc acid 97.30(b) 188.10(5) 73.40(5)

The variations of the total, extra- and intracellular ionic concentra-
tions (mg/100 ml water), registered in the same experimental conditions,

are illustrated by the data included in Tables 2—4.

Table 2
Na* ion dinamyecs in the fresh tissue incubated with ditferent agents (0.6g/100 ml)

Ton distribution (ing/100 ml water)
“Trealment
Total Lxtracellular Inlracellular
CONTROL 110.90 267.92 68.79
ACX-1354 87.32 2067.92 32.96
ZnS0, 105.04 267,92 61.53
ACX -1358 71.18 2067.92 10.08
MgSO0, 100.00 267.92 41.28
Acexamyc acid 113.08 267.92 46,54
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Table 3
K* ion dynamies in the fresh tissue incubated with different agents (0.6¢/100 ml)
lon Distribution (mg/100 ml water)
Treatment
Tolal Extraccllular Intracellular
CONTRS)L 407.38 9.77 513.71
ACX-1354 210,95 9.77 271.49
ZnSOy . 162.87 9.77 203.78
ACX-1358 167,70 9,77 610.08
MgSO0, 139.21 9.77 584.30
Acexamye acid 216,96 9.77 305.98

Table 4

Ca®* ion dynamics in the fresh tissue inenbated with different agents (0.6¢/100 ml)

Ton distribution (mg/100 ml water)
Treatment
‘Total Iixtracellular Intracellular
Control 9.76 §8.22 10.16
ACX-1354 13.48 8.29 15.07
ZnSO, 10.81 - §.22 11,51
ACX-1358 9,94 §.22 10.48
MgSO, 10.72 8.22 11.59
Acexamye acid 13.11 8.22 15,22

Table 4

Tissue ionic ratios characleristic for the fresh musele tssue incubated

with different agenls

Tonic IRatios
‘ater 19 atle {1 a2t a'ls
Treatment Water | Na'l KHE Catls Natli | KT

Water 1| Natl K+ Ca?*1 K*1 | Natl
R%n\t}-ol i 1.00 3.80 0.019 0.81 0.52 7.47
AC 483334 1.70 8.13 0.036 0.54 0.99 8.24
A(‘s\r o 1.08 1.35 0.048 0.71 1.31 3.31
MéééL 58 2.14 26.58 0.016 0.78 0.44 60.52
Mss0, 1,96 6.49 0.017 0.71 0.45 14.28
cexamye 2,56 5.76 0.032 0.54 0.87 6.57

o Also, the ionic concentrations modifieations allow 1o caleulate the
ome rations, either for the same ionie species or between different ionsg,
these being presented in Table 3,
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“Tn vitro” incubating of the sartorius muscles with the ACX-1354
derivative determined modifications in water and ions distribution in the
tigsue compartments comparatively with that one registered in untreated
control. Thus, the total and extracellular water volumes increase with
1.89%, and 50.7 9, respeetively, on the basis of intracellular volume decrease
(11.69%,). The Na* total concentration presents a significant decrecase with
21.3%,, explained by a corresponding diminuation (52.19%,) of the intra-
cellular Na+, A similar effect is observed at X+, which touches decreased.
levels with 44.29,, in the case of the total one and with 47,19, in the case
of the intracellular one, the K+ efflux in medium justifying this behaviour
of the ion. On the conirary, the Ca?+ concentration, both total and intra-
cellular, records an inerease of 38.1 9, and 48.3 %, respectively.

The addition of ZnSO, in the incubating medium leads to : slight
incereases of the total (2.39,), extracellular (8.5%) and intracellular (0.6 %,)
water content ; decreases with 5.39, and 10.5%, of the total an dintracel-
Inlar Na+ concentration ; strong diminutions of the total (60%,) and intira-
cellular Ca?+ of 10.89, and 13.39%,, respectively.

Modifications of the hydrous and ionic dynamics were also induced
hy the treatment with ACX-1358 derivative. Thus, concomitantly with a
slight decrease of the total water volume (2.99%,), it was found a great in-
crease of the extracellular water (67.39%,), correlated with a diminution of
the intracellular one (21.7%,). Both total and intracellular Na* presents
ample reductions of 35.8%, and 85.39%, respectively. Contrarily, the total
and intracellular values of K+ reflect augmentations of 14.8%, and 18.8Y%,
respectively. A similar phenomenon, but of small proportion, characterizes
the Ca?+ ion (fotal increases with 1.89 ; intracellular ones with 3.19).

MgS0, induces variations of water and ions repartition in the tissue
compartments, as follows: the water presents a decrease of the total
volume (29%,) and of the intracelullar one (18.69%,), correlated with an
increase of the extracellular hydrous content (59.79%); Na* decreases :
total with 9.89%, intracelullar with 40.99%, ; K+ increases : total with 7.8%,
intracellular with 14.79,; Ca?+ enhances: total with 9.89,, intracellular
with 14.19,.

Finally, the treatment of the sartorius muscle with acexamyc acid —
the main constituent of the studied derivatives — determines a specific
digtribution of water and ions. Thus, the total and intracellular water
registers decreages of 2.7%, and 26.6 %, respectively, while the extracellular
volume strongly inereases with 88.19,. In the context of maintaining a
total Nat* relative constant concentration (only 4 1.99%), it is found a
significant diminution of intracellular Na+ (32. 39%,). A different situation
is observed in the case of X+, its total and intracellular concentrations
greatly decreasing with 46.7%, and 40.49%, respectively. The Ca2+ ion
dynamics is marked by ample increases of the total concentrations (34.3%,)
and of the intracellular one (49.89%,).

At the same time, it is established, as compared to the control, a
reduction of the total intracellular ionie. concentration of Na+ 4 K+ -
Ca?* in the case of ACX-1354 (46.19%,), ZnS0, (53.3%) and of acexamye
acid (38.09,) agents, as well as an augmentation of this, in the case of
ACX-1358 (6.49%,) and MgSO, (8.49%,) agents. Reporting the total ionic
intracellular concentration to the water intracellular volume it is ascertai-

§ Hydrous and ionic fluzes modified by acezamyce agents
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ned a decrease of the osmotic concentration of 38.7% it} {

: . S d N 1] _AC -
of 53.89] with ZnSO, and of 30.19, with acexamye aci((l), as well a? 3;313154
crease of this in the case of ACX-1358 (35.59,) and MeS0, (32.39,) t-

DISCUSSION

The steady state of the membrane or its proper resting state expreg
ges t_he normal molecular and supramolecular organization of this hiﬂhligh:
ted in the opening or packing degree of the membranary struetur’es Zs well
as in the water and ions fluxes cc1responding to this state (1), (4), (1’6) (17
. The membranotropic, agents, by interaction with the cell meml;rane'
induce structural medifications of the membranary components (stabili-
zalion, labilization, flnidization, modifications of the molecular confor-
mation and of micellar organizaticn) with consequences on membrane
physiology, disturbing the water and ions transmembranary fluxes (3), (16).

The evidentiation of the membranary permeabilizing action (9) sug-
gested us to appreciate the effect of ACX-1354 and ACX-1358 acexamyce
derivatives on the hydrous and ionic transmembranary fluxes, ionic pum%s
actlvity, proportion between active and passive transport, as \’vell as on the
intra- apd extracellular ionic ratios. Thus, it would be highlighted the
mteraction of these agents with the cell membrane and the membranary
rmechanisms involved in inducing their specific action. :

. The analysis of the Na+ ion dynamics in the muscle tissue treated

with the studied agents reveals — as a general characteristic — the modi-
fl(:a.tlon of the transmembranary flux, represented by the increase of Na+
efflux. The amplitude of the intracellular Na+ depletion differs touching
the maximum level in the case of ACX-1358 derivative. ’
) Because of the constant extracellular Na+ concentration in the
Incubating Ringer medium, the modification of the Na+ transmembranary
transfer leads to a change of the Na+~E/Na+I ionic ratio. These Suggest
the involvement of an active ionic transport mechanism, Na+ being exclu-
ded from  the cell as against the concentration gradient. The stimulation
of Na* pump can be correlated with a probable reduction of Na+ passive
transport, too (15), (16).

I1 ean be alzo observed that the Na+* increased efflux imposes the
waler passive outflow. The water osmotic flux determines the diminttion
of the cell volume, which is however compatible with the normal unfolding
of the cellular processes. The modification of the water distribution canbe
the result of the agents action both on the osmotic way — because iniall
cases 1t was registered an increase of the extracellular water content: —iand
on the way of “water pump?” (11), (14). The increase of the water iflux
through membranes is also accompanied by the enlargement of the flux
of some ions on the basis of the “solvent drag” mechanism [7], [11], this
being previously signaled in the case of Na+. R ;

The effects on X+ distribution are not similar with thOSQg:QfII‘N)95+
repartition in the case of ACX-1358 product, registering an increase of the
K+ influx. This reflects an enhancement of the K+ active transport andjor
the diminution of its passive transport. The increased iptracellular:con-
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centration of the K+ can be also explained by the water intracellular redue-
tion.

The specific dynamics of K+ is also argued by the decrease of the
K+E/K+T ionic ratio. The significance of the ionic ratios Na-+ E/K~+T
and K+I/Na+I consists in the increase of the cell membrane electrical
charge under the action of this -agent. The membrane hyperpolarization,
which touches an amplitude of 10 mV , after 15 minutes (unpublished
data) suggests an activation of the electrogenic Na+ K+ pump,

In the case of the ACX-1354 product it it observed an inverse situa-
tion. The large depletion of the intracellular K+, correlated with the incre-
ase of the K+E/K+I ratio, suggests the decrease of the transmembranary
active transport mechanism effectiveness and/or the increase of the mem-
brane passive permeability for K+ Although the K+ efflux increases, this
ig smaller than Na+ depletion, a proof being the enlargement of the K+I/
Na+I ratio. These illustrate an effect of membrane hyperpolarization
(5.8 mV after 15 minutes), mainly determined by the Na+* active efflux.

The Ca?+ distribution is also influenced by the investigated agents,
the total content and the influx increasing in all cases, the amplitude of the
modifications being differently. This transmembranary dynamics is also
illustrated by the decrease of the Ca2+K/Ca?+I ratio. The influx and ratio
values become significant , especially to the ACN-1354 derivative. The
inerease of the Ca?+ intracellular concentration could be also explained by
the decrease of the water intracellular volume. Now it is difficult to appre-
ciate the involvement degree of the active and passive mechanisms in the
transmembranary fluxes of this ion.

The Ca®+ increased intracellular concentration could reduce the
intensity of the Na+ and K+ active transport by inhibiting the Na+ -K+
pump on the membrane internal face [5], [6].

It is known that an increase of the Na+ intracellular concentration
determines an inhibition of (‘a2+ sequestering at cell structural level (27,
[10]. But we ascertained a decrease of the intracellular N a*, which eould
lead to the increase of the Ca2+ sequestering degree conditioning a dimi-
nished level of intracellular ionic Ca?+ and by this the noninhibiting of
Na+—K+ pump activity.

The decrease of the total intracellular ionie concentration of Na+-+K+
+ Ca?+, correlated with the reduction of the water intracellular volume,
in the case of ACX —1354 product and the increase of the value, in the
case of ACX-1358 agent, reveal the directions of the water and ions trans-
membranary fluxes. Thus, it can be appreciated a predomination of the
ionic efflux comparatively with the hydrous one, in the cagse of ACX-1354
derivative and a predomination of the ionic influx, correlated with a water
efflux, in the case of ACX-1358 compound.

The membranotropic action of the %n and Mg acexamates seems to
be the consequence of the interference of the specific effects of compo-
nents, acid and mineral ones, from the structure of derivatives.

The acexamyc derivatives with membranotropic action seem to
behave as hyperpolarizing and stabilizing agents, explaining their mem-
branary protection effect [2], [18]. Also, the acexamyc derivatives eould

=1
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Influence the cell enzymatic and metabolic activity by the establishmeny
of a new level of ,t;he extra- and intracellular ionic ratios, which suggests
the enhancement of the active transport, h
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INVESTIGATION OF THE EFFECT OF SOME PHENOLIC
FRACTION ON HeLa CELL CULTURES DEVELOPMENT

' ROTINBERG, SMARANDA KELEMEN, VIOLETA NU']'[\*,
JENICA BULACOVSCHI* and VIORICA RUSAN*

The in vilro cffect of some phenolic fractions, exlracted from Asclepias syriaca
Ieafs, on IleLa cell cultures evolution was tested. The significant modifications
of the protein dynamniics, considered as an expression of the inhibitory effect, of the
fractions on HMel.a cell eultures development, allowed the general appreciation that
some phenolic structures have cytostatic properties. For the finding of an or sone
in pilro cytostatic agent or cytostatics agents and in pive cancerostatic or cancero-
statics w selective separation and a chemical identificalion of Lhe phenolic substan-
ces from the extracted fractions composition are necessary.

_ The in vitro cytostatic and in vivo antitmmoral actions of some total
polyphenolic preparations were previously reporied (3), (9).

The structural complexity of these products suggested us to inves-
tigate which of the phenolic type structures from Asclepias syriaca vegetal
extract composition should be responsible for their ceytostatic property,
as a premise for finally obtaining a product with increased cancerostatic
effectiveness by its separation of that inactive from this point of view. This
hypothesis is based on our finding that only the chemical removal of the
hemicellnlosic structures, from the initial vegetal extract composition, con-
ditioned the significant utterance of the PA {otal pelyphenolic prepara-
tion cytostatic action (9) . This effect is probably due either to a conse-
cutive increase of the active biological phenolic substances or to a con-
secutive relieving of the functional groups which were coupled with the
hemicellulosice structures (4), (10). ;

In the present paper the results of the e vitro testing of the effect of
some phenolic fractions — separated and puritied from Ascleptas syriaco
leaves — on Heba cell cultures development — are exposed,

AMATERIAL AND METHHODS

The ¢n vitro investigated phenolic fractions were noted as Fr. 1, Fr. 2
Fr. 3, Fr. 4, Fr. 6 and Fr. 8. These fractions were separated and puritied
from October havvested leaves of Asclepias syriaca by stceessive extractions
with different solvents (cyelohexane, ethanol, ethyl ether, acctone) and
by the removal of the hemicellulosic structures. The various sediments
were dissolved in: cyclohexane (Fr. 1a), ethyl acetate (Fr. 1 b), sodiwm
hydroxide (1. 2, 4, 6, 8), glycerol diluted with bidistilled water 1 31 (Fr.
3 a) and bidistilled water (Fr. 3 b). g

The cytostatic action was assessed ¢n vitro by comparative follow-up
of the total protein dynamics during the evolution of the control and treated
HeLa cell cultures, ax an expression, of the cell protein biosynthesis
level. o '
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The test tubes were inoculated with 1 x 10° cells and after 24 hours
the culture medium was replaced with a medium containing either
1.5mg/ml of phenolic fractions or, in some cases, corresponding volumes
from their solvents. At 24, 48 and 72 hours of cultures development, the
medium was discarded from the test tubes and the cell layer was washed
with TFS and subjected to total protein determination (6), (7).

Five culture tubes were used for each type of culture and time in-
terval and the statistical analysis was performed using Student’s “t” test
(15).

The evaluation of cytostatic action was made by the percentage
estimation of the inhibitory effect of the cell cultures development illus-
trated by the decrease of the total protein concentration.

The appreciation of the cytostatic effect was performed by s com-
parative analysis of our values with that one of reference (50 %) imposed.
by the selection criteria of antitumoral substances established by the che-
motherapeutic screening programs of the Cancer Chemotherapy National
Institute from the U.S.A. (5),(13), (14), for this preliminary step.

RESULTS

. . ki
In a first experiment, illustrated in Fig. 1, the action of the Fr. 1 a and
Fr. 1 b phenolic fractions and of their solvents on HeLa cell cultures deve-
lopment was tested.

CONTROL -
350
290f
270F
o 25 OJ;
2 190
e I
& 10 ETHYL
E 150b ACETATE
@
e 110}
o L
Y CYCLOHEXANE
70F
FR.1a . Fig. 1. — Protein content of
S0 a n N Hel.a cell cultures incubated
ri? 48 72 hours with Froh  taand Fr.1 b

(1. dmg/m 1),
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The cultures incubated with Fr. 1 a were characterized by a rapid,
strong and significant (p<<0.001) decrease of protein concentration, rea-
ching 72.29, and 81.39, respectively, from the normal values of the con-
trols at both intervals analysed. A similar effect was registered at the
cultures incubated with cyclohexane, the solvent of the Fr. 1 a. Thus,
the protein values determined at 48 and 72 hours registered signifieant
decreases (p<<0.001) of 66.59%, and 72.5%, as compared to the controls.

The protein-dynamics in the cultures treated with Fr. 1 b showed
lower significant levels (p < 0.001) of the protein values, as compared to the
controls, of 47.39%, and 61.39, respectively, at the time interval analysed.
A significant cytotoxic action (p<<0.001) on Hela cells is also observed
with the ethyl acetate — the characteristic solvent of Fr. 1 b — it being
illustrated by a decrease of the protein concentrations of 41.7 % and
and 53.99%,, as compared to the control values.

Another set of phenolic fractions tested contained Fr. 2, Fr. 4, Fr. 6
and Fr. 8, the experimental results being included in Fig. 2. It is ohserved,
in all the cases, that the protein dynamics of the treated cultures signi-
ficantly differ from that one of the controls, reflecting various intensities
of inhibition of the proteinosynthesis. Thus, during the whole experimen-
tal interval, the decreased protein values revealed inhibitions of the cul-
tures development of :

— 34.89 and 56.6%, respectively, in the case of Fr. 2 ;

— 42.29, and 61.2%, respectively, in the case of Fr. 4 ;

— 43.6%, and 68.19,, respectively, in the case of Fr. 6 and

— 55.9% and 73.89, respectively, in the case of Fr. 8.

CONTROL
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o 260}
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- 21.0j
S 180f
p-
Pt FR.
°© 1L0F FR i
1o}
o
FR. 6
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,, gol R8
Fig. 2. — Protein dynamics of
HeLa cell cullures treated with 60 . 5
the fractions 2, 4, 6 and § 24 48 72 hours
(1.5 mg/ml). #
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- Finally, the prescreening programine inciuded the phenolic fractions
P o ¥ db He & N ) S ) e
it 3b and the water diluted glycerel — the solvent of r. 3 a — the expe

23

rimental data being presented in Fig, 3.
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" Fig. 3. Protein content of HelLa cell
cultures incubated with Fr.3 a and
Fr. 3 b (1.5mg/ml).
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It can be seen that, in the both cases, the treated cultures were chal"a‘c--
terized by a similar protein dynamics, but at the sane 1711118 (}1§fel‘e(1; from
that one of the controls. Thus, Fr. 3 a induced decreases of the pl?t?l?l
values of 54.39%, and 66.3%, respectively. This inhibitory gctlo{l Is unsigni-
ficantly influenced by the diluted glycerol, its cytotoxie effect being
neglizible (1.6 and 1.9 %)- i - ' .

The inhibiting potential of the fraction 3 b was 1(}01111?&\17'\?’1(1)}/]1ft|h?lt
one of Fr. 3 a, the protein concentrations reaching 53.9%, and 65.19; from
the norial values of con‘q"ols.

DISCUSSION

In previous studies we evidenced the in viiro cytostatic ‘an(?{ 'z‘n vizo
cancerostatic actions of the PA, product, as well as the higher 30 mz(‘)o
cytostatic potential of the PA, I11 total polyphenolic }}1’0]}_&1‘&‘(10111 (b)f- f("))i
These products are total polyphenolic 1)1'101?:17'11110?13 seyamted Mi( ;1)11111 lec
from Aseleptas syriaca leaves. They ave (:n.zzmctemzed by a cmnp e\l C ;01511-’
cal composition containing, probably, beside wax, latex, tg-t@f a(iu i, & 1 x
alcohols, simple saccharides, pectins, and numerots 51'171.101111els 0 %). 1_6;1110_1_10
type such as : ligning, lignanes, terpencids, phenolic acids, phenolic alde-
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hydes, phenolic esters, acetophenones,  hydroxycinnamic. acids; “phens;
Ylpropenes, coumsarins, isocoumaring, benzoquinones, naphthoquinenes;:
xanthones, stilbenes, flavonoids, proanthocyanidines /2, 111 ], [1:2].

‘This structural complexity of the vegetal extract imposed its frae--
tionating for the separation of the structure [structures responsible ‘of their:
cytostatic and cancerostatic actions. Thus, by suecessive extractions and’
dissolving of the sediments in different solvents, were. separated the fracs
tions 1, 2, 3, 4; 6 and 8 which were tested from point-of view of their effect
on cancerous cells development. : S

The possibility of a direct pursuit of the cytostatic effect the short
time of investigation; the necessity of small amounts of substances, the
positive -correlation between the in vitro’ cytostatic action and ¢n vivo
antitumoral effect, registered in the case of many tested substances, jus-
tified the use — for this preliminary stage — of the ‘““in vitro’ testing sys-
tem on HeLa cell cultures of human neoplastic origin in order to quanti-
tatively estimate the cytostatic action of separated phenolic fractions
(1), (3), (5), (13), (15), (16). The real quantitative evaluation of the inhibis
tory potential of the different fractions imposed, in some cases, the agsess:
sement of their solvents effect on cell cultures development. R

The final inhibition of cell proteinosynthesis process at least of 509
represents the appreciation criterion of a substance as in vitro cytostatic
and/or cytotoxic agent (3). . '

In relation to this criterion, the comparative analysis. of the protein
values which characterized the evolution of the control cultures, of the
cultures treated with the phenolic fractions and of the cultures incubated
with the corresponding solvents highlighted that: = A

— the fraction 1 — extracted in eyclohexane and redissolved either,
in cyclohexane (Fr. 1 a) or in ethyl acetate (Fr. 1 b) — probably containing
latex, wax, fatty acids, fatty aleohols and terpenoids as phenolic structures,
Is lacked of cytostatic activity. The inhibition of the cultures ineubated
with Fr. 1 a or ¥Fr. 1 b is not due to the chemical struetures from this
fraction, but it was due to their solvents (cyclohexane and ethyl acetate),
which induced a strong cytotoxic effect (72.5% and 61.39, respectively)
on cell cultures (cee Fig, 1); . - : T

— the fraction 3 — extracted in éthanol and redissolved - eitlier in
glycerol - water1:1 (Fr. 3 a) or in water (Fr.3b) — probably. containing
tlavonoids, stilbenes, proanthecyanidines, as phenolic structures and sim-
ple saccharides, was eharacterized by a significant cytostatic eftect (about
659%,). It is observed that the inhibitory action on the development of
cell cultures during the whole experiment was not diminighed by - the
solvent effect ; : _ oS s

— the fractions 2, 4, 6 and 8 represent the alkaline extracts (in
NaOH) of a half from the residues obtained after suceesive, extractions
of Asclepias syriacaleaves with cyclohexane, ethanol, ethyl ether, aceton'and
having a similar comypogition to that of the total polyphenolic preparations,
(PAy PA,TIT) from which there are missing totally or partially the chemical
structures dissolved in the above solvents. They induced a significant inhi-
bition of the Hel.a cell cultures development, the values of the cytostatic,




~potential being in succession 56.6 Yoy ~61.2%, 5819, and 73.8 %, Tespec-

It can be concluded that, excepting Fr. 1 represented by inactive
cytostatic compounds, the others were characterized by a significant
inhibitory potential,- probably due not only to a phenolic structure bug
to many phenolic: type substances from the studied fractions. This suppo-
sition is argued by the intensities of the induced cytostatic effect, which
were however smaller than that one of the PA, IIT total polyphenolic pre-
paration (83.69,). '

At present, it is difficult to specify which phenolic components are
responsible for the induced cytostatic etfect, some categories of phenols
finding again in the different fractions submitted to i zitro testing.

In can be appreciated that the methodology used for the obtaining
of the phenolic structures did not lead to their selective extraction and to
the separation of some structural homogenous fractions.

Therefore, for an.accurate evaluation of the in vitro cytostatic

- action — as a.selection preliminary step of an in vive active cancerostatic
agent — of the.different phenolic structures it is necessary their selective
-separation and their identification by :

—-the modification of the extracting solvents sequence ;

— the assurance of certain optimum conditions to extraction ;

— the diversification of the range of extracting agents for the selec-
tive separation of different phenolic structures ;

— the exclusion of successive alkaline extractions and their repla-
cement with a final alkaline extraction to render soluble the neextracted
phenolic structures ;

— the use of the chromatography in order to identify the separated
phenolic structures,
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EVOLUTION OF CERTAIN STRCTURAL PARAMETERS
O ZOOPLANKTON UNDER EUTROPHICATION IMPACT
IN THE ECOLOGICAL SEQUENCE OF LACUSTRIAN

ECOSYSTEMS IN THE DANUBE DELTA

VO ZINEVICE and LAURA THEODORESCU

Three distinct, sequential forncation stages are evident during the transition of Lhe
Danube Deltd lacusirial ccosystemis Lo the terrestriad type, ie. - young lake stage
(“"ghiol”), old lake stage (“Japsd”) and lemporary flooding stage. During the
sequential formution of ccosyslems the dynuniics of struclural paramelers: of
zooplankton cvidences e highest effecls of the culrophication impact which
affeets the early slage of the evolution process, while in the second and third stage
its influence shows a gradual decrease.

The natural evolution of the Danube Delia lacustrian ccesystenis
shows, in thelatest analysis, the gradual transition cf the biotope and bioce-
nosis from the aquatic to the terrestrial type. This process eonsists of {three
sequential formation stages, i.e., yYoung lake (“‘ghiol”), ¢ld lake (“Japsd™)
and temporary flooding st aga,

Complex, anthropic reasons, as an inerezse in the nitrogen and phos-
pherus level in the Danube basin, induced, since 1970, sucecessive altera-
tions in the trophic level of lacustrian systems from the Danube Delta sueh
that all the stages ranging in between meroentrophy ‘and - hypertrophy
wercencountered during a decade. The newly created conditions favourized,
in case of primary produciion of plant material, the development of the
components which supported higher rates of nutrient reeyceling, As a
result, a high proliferation ot planktonic algae was noted since 1981 which
induced *“water Dlooming™ determining o strong reduction — somwetimes
even a total eliminaticn — of the xubierged macrophytes. The struetural
changes affecting the primary producers result. in. evident, changes of the
envixenment heterogenieity as well as changes ol the main ehvirenmental

serameters, : :
Nevertheless the alteration degree generatedd by the above mentioned
anthropic factor shows evident variations we a funetion of ecoxystem for-
mation stage. The deereare in the nuwmber . of ,\:lﬂmzerged,i.xmcrophytes and
phytoplankten proliferation evidenced peak values in case of raiher deep
waters (usually exceeding 1.6 —1. ¥m depih) characteristic of the first stage
in the develepment of Danube Delta lacusivian ecorystems, -With the
second stage of sequential ccovystem formation, under the conditions of
lower water levels (¢.9—1i.cm) the aguatic macrgphytes hecome, in about
3—4 menths, the main prmary producers inhibiting phytoplankton pro-
liferation. Neverthellegs, at the end of mactophytes development period
(which iu the past lasted for a longer period) “water blooming” phencmens,
are often evident., The siwall water depth in the areas of lentic-terrestrial
ceotones (usnally 0.2—6.3m) which corresponds to the third stage of the
sequential ecologic develepineny, favourizes, independently ¢f nuirienty

REV. ROUM. BIOL.—DBI1OL. ANIM., TOME 38, N°1, P, 71 —78, BUCAREST, 1993




72 V. Zinevici, Laura Teodorescu

evolution, the growth of aquatic and palustral macrophytes along all
vegetation period, maintaining the phytoplankton evolution parameters
at values comparable to those existing in the Danube Delta previously
to the above mentioned anthropic impact.

The changes induced by eutrophication at the level of primary pro-
ducers results in certain significant features which appear in the evolution
of secondary consumers. A high number of data is available on the strue-
. tural :and functional evolution of zooplankton during the first stage of
sequential formation of lacustrian ecosystems. According to these data,
important reductions of the taxonomic structure (exceeding 539,) were
evident during 1975—1987, accompanied by evident increases in numerical
density (4.7 times), biomass (6.9 times) and productivity (4.8 times) as
well as by the shortening of gravimetric recycling duration (with 159%,) (2),
(3). However, there is no available information on zooplankton evolution
during the other stages of sequential ecologic development. The first stu-
dies on zooplankton dynamics as congidered in the framework of the over-
all sequential formation of lacustrian ecosystems in the Danube Delta
started in 1991. A part of the data regarding structural aspects are presen-
ted in this paper.

MATERIALS AND METHOD

The researches were performed during the particular hydrologic condi-
tions of 1991, characterized by an abgolute maximum and minimum during
August and September-October, respectively, and by a secondary minimum
recorded during May-June, i.e. in early spring. The researches concern
young lake (‘“‘ghiol”) zooplankton (the first stage of the sequential forma-
tion) (with Rosu, Matifa and Merhei ecosystems), old lake (*“japsd’) zoo-
plankton (the second stage) (with Porcu, Tétaru and Lopatna ecosystems),
as well as zooplankton of the temporary flooding stage (the third stage)
(with the following ecotones : Sf. Gheorghe river branch — Sacalin island,
Erenciuc lake — Caraorman island and Merheiul Mic lake — Letea island).
The average depth of the water layer during the period under research
ranged between 1.6 — 2.2 m with the ecosystems of the first sequential
development stage (minimum value — Merhei lake, maximum value —

Rosu lake), between 1--1.6m with the ecosystems of the second stage (mini-
mum value — Titaru lake, maximum value-Porcu lake) and between
0.3—0.4m in ecotone zones (the third stage). The surface area of the young
lakes ranges between 644 ha (Matita lake) and 1375 ha (Rosu lake), while
that of the old lakes between 10 ha (Lopatna lake) and 100 ha (Porcu lake).
The duration of the flooding period of ecotone zones was of about 90 days
(July-August period). The particular hydrologic conditions of the above
mentioned year, determined a reduction in the intensity of the “water
bloeming” phencmenon as compared to the previous years. Under these
circumstances the phytoplankton biomass exceeded 4.6 times the ‘“blo-
oming” threshold of “‘ghiols” and 1.6 times the corresponding value noted
with “japsa’ (4) while in the ecotone zones it decreased reaching values
located under the mentioned threshold (5) (According to M. Oltean (1),

- Eutrophication Impact on zooplankton structure

73

(1. ; 3

mx; i;:)erli)éo;)érgl:;gstléﬁzsléolt%"tgorresfpo}ilds to 5 mg/l fresh phytoplankton bio
. oards volution of the space dynamics, th i

phytes showed an opposite trend as ¢ 5 Dlankton, Samro:

) site | ompared to phytoplankt S i

was performed monthly using a Patals -Schi Pling device Apens

_ thly us -Sch i

50 1 of water were filtered with each c:)llectégdsfrlr‘l;?én pling device. About

RESULTS AND DISCUSSIONS -

Taxonomic diversity of zoo i i
: ) 3 zooplankton reflects, in an im ; <
’&ggrﬁgvg;’o;l;;ﬁ%?ﬁyl}cetel%geénelt}i, which in its tu;'n shows Iﬁ?iﬁlﬁﬁ?ﬁé
nacr es. Under the ecologic conditi isti i
to eutrophication impact, with pri ion based msabs yaously
‘ ! 0 primary production based mainl
merged macrophytes the’amplitude of th i osition ohon.
rge t taxonomie compositi
teristic to lacustrla,n’ ecosystems z 1 i the first st perac:
: _ : ooplankton during the firsi
sequential formation proved to be depend i o b o S
_ ) - t, in a high ext
face area of the lake basin Correlatinp so f Gith tho optim sur-
; > basin. g these tactors with th i
namics of taxonomic diversity resulted i i v T
f taxono ) n absolute max
t?xolng)mlg‘dlvel sity. This was evident with the taxonomiénslll)lgzlm};a})%e; o
f‘ alnf( on from Tacub and Rosu lakes (undergoing the first stage of se uglo ]
ia orl‘rnaitlon) which evidenced, in 1975, a number of 189 and 164% m1~
?(?(1)11?111;;]’1 ;(:aspgocgnir(zlyd grqm arlll ecological point of view, the lacustl?im;
20 sisted, curing the above mentioned iod i |
of macrophytes — dependent forms eu o And Slamtonsture
. planktonic and pl ili
224“22(1)13: lﬁftktnqbenthlc and neustonic forms. Ifrom the {')oiglk ﬁ)lilrgll))l;;llgt"
vonic components identified with ecosystems based
II‘)‘?I% tes as primary producers, only 639, were strictly specific \gﬁigat(ﬁto_
Temaining ones were also identified — after 1981 — in the str X o
lacustrian systems with planktonic type p e i

rimary pr i it;
the zooplankton elements specific to both ecos?sl‘u)e?r?%;?sg longside with

Submerged macrophytes disa )
' ' Ppeared from the -
gfl 2?((31]%(3111’?, twhll)e 5;1};}1111 present — in a certain amouﬁ,rg—rf lili{t(ilsil(lIti{;Sstigafﬂ
-d stage) ; this resulted in a new distributi f biodi i i
the maximum Va,h’les of taxonomic s 3 ot b or ey with
] ectra recorded not i
lakes, but in case of the small ones C%‘)h i nomi6 doyernsl
! s . . The dynamics of tax ic di i
in the lakes undergoing the first sta, i 2ic develymrsity
. ge of sequential ecologic d
shows an evident decrease with time. For e ith the Rogy 1o e oot
. . xample, with th
values recorded during 19751987 decreased from 164 cori}?o?fgnltaskte(; %};e

During 1991, under the conditions i
’ ing T 1 . of a slight ree
n‘ltacloyph} tes/phytoplankton ratio, the decrease ii the tgzgl};)(rmtlrignéi_ o
s17 y _\Eas qg_unter_acted to a certain extent. A number of 103 com 01;:3?
:;; gsg é sxrfllﬂléeflll‘}\(‘)]lth lakes which underwent the tirst sequential foIPmaJtiog
8 ) components were present in those which f
second stage (3). The extreme values characterizi oot gt the
€ > racterizing taxonomic diversity i
case of the first category of ecosystems (64 —7 ; ro Cootm ool
. | s — 179 components) ‘
with the Rogsu and Merhei ecosyst ile i o [Lnd catemmen
S ystems, while in case of the II-
(69—97 components), with the Porcu a : ategory
59— nd Lopatna ecosyst i
tion is apparently pa;adoxical : the minim o divorsity o mua-
AP t g al taxonomic di ity i
ded with the largest lake under study (Rosu lake) while \;gl;asltly;l;sxrigzgg

value of this parameter corresponds to the smallest lake (Lopatna). From




74 V. Zinevici, Laura Teodorescu 4
! —

thetotal of 154 components identified with stages 1 anrd.l'l ol lho ((O‘\I\g{z}(}s
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with time, in the proportion of forms, to be found in both stages (from 37%,

Table 1

}ovolution of relative ahundance of zooplanktonic components, munerically .and
gravimetrically (%) constant, during the scquential formation 01_‘ ]ac:ustrnan
i ccosystems in the Danube Della under the immpact of eutrophication

. no L‘<~ Sequential formatlion §tage
Zooplankton components 9: ' Tocosystem
O Stage T (,,GhiolV)
Rosu Matifa Merhei - Xa
Taxonomic spectrum no 64 ) 66 T 76 ) 103 }
Constant forms 18.75 18.18 15.79 11.65
Numerically dominant forms % 21.88 95.76 19.74 2:)_3(:
Gravimetrically dominant forms 9% 21.88 29.73 18,42 15.38
| Stage II(,,Japsa™) )
Tdtaru Porcu [opatna Xg_
59 97 130
Taxonomic spectrumt no 3_{ “ ;’(; . é " o
Constant forms 7o 2(’)-24' 22-0'3 ]7-53 19,93
Numerically dominant forms o P ‘)2'0.3 12.37 16.92
Gravimetrically dominant forms| 9 20.24 22, .
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river bran- | lake- Mic lake .
ch-Sacalin Caraorman — letea Xa
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T i Ly 53 | 52 38 93
Taxonomic speelrum I(lf) ])8 . A 0 o Y
Constant forms i o a7 g o1 s e
Numerically dominant forms Ca ‘]().:JE ..N.U.) L 1.8
Gra\'imclriAcaHy dominant forms “ 20.75 17.31 23.68 2,
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RS i b RN N c' ~‘ o, o . el i
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ticn has to be locked for in the relatively low value of the ratio between
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the length of ecotone interference edge and the surface area of adjacent
biotopes belonging to the two ecosystem types. Nevertheless the taxonomic
analysis of zooplankton along the three ecotone zones revealed the occurrence
of certain forms which were absent during the last 10:15 vears in the
plankton of lakes undergoing the first sequential formation stage ; this
phenomenon was evident to.a lesser extent in case of the lakes undergoing
the second stage (3). Biodiversity of lentic-terrestrial ecotone zooplankton
is to a high extent the expression of an important environmniental hetero-
geneity, generated, in its turn, by the high diversity and abundance of
both aquatic and paludal macrophytes. The long duration of the tflooding
period in the dumped zones corresponding to terrestrial ecosystems as well
as the “edging” phenomenon specific to ecotone zones eriabled conservation
of an important number of macrophytes-dependent components which are
accompanied by neustonic and nektobenthic forms as well as by swamp
and wetland components. It has however to be mentioned that the euplank-
tonic and planktonophilic components are weakly represented.

The comparative analysis of lacustrian zooplankton numerical den-
sity and biomass evidenced successive decreases along the three stages of
sequential ecologic development : 402 — 297 — 198,1 number of individu-
als/l (Table 2); 5403.7 — 1772.7 — 1094.2 g/l fresh matter (Table 3). A
similar dynamics was noted with the constant components as considering
their frequence in the overall taxonomic speclrum (i.e. 11.65 — 4.61 —
— 4.189%,) as well with the numerically dominant (22.33 — 19.23 — 14.68 %)
or gravimetrically dominant elements (15.38 — 16.92 — 12.58 %) (Table 1),
according to tlie increasing trend of the environmental . heterogeneity
degrec. -

As regarding certain features of the taxonomic spectrum as well as
the values of certain structural parrameters, the zooplankton of floodable
zones (sequential formation stage I1I) strongly reminds the planktonic
consumers of lacustrian ecosystems during the first two stages characteris-
tic of the perigd: preceding the human impact of eutrophication. This illus-
trates the ability of ecotone zones to provide for the structural preservation
of lacustrian zooplankton.. The analysis of the struetural Parameters also
evidenced that zooplankton is mostly affected by the eutrophication impact
during the first stage. of sequential ecologic development ; the eutrophi-
cation effects show a gradual decrease during the II-nd and III-rd stage.

CONCLUSIONS

During the process of sequential ecologic development of the Danube
Delta lacustrian ecosystems the dynamics of zooplankton struetural para-
meters shows the highest anthropic impaet of entrophication during the
first stage of ecosystem transition (the “ghiol” stage), its effedts decreasing
subsequently in the following stages, i.e. IT-nd (the “japsa’ stage) and the
IXI-rd (the periodical flooding stage). _ '

— As regards certain features of the taxonomic structure, the zoo-
plankton of floodable zones is, to a high extent, similar to the lacustrian
zooplankton in the period preceding the onest of anthropic impact,
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78 Vo V. Zinevici, Laura Teodorescu. .,

— Considering. the struetural _.preser\'at@o_n ability ‘Qf.zooglzelnelzg({(l)l-,
the Danube Delta floodable plain ¢an play an imhportant ro e in th
gical restoration of lacusirian type ecosystems.
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LE ROLE ECOLOGI QUE DU BACTERIOPLANCTON DANS LE
FONCTIONNEMENT DES ECOSYSTEMES AQUATIQUES
LACUSTRES DU DELTA DU DANUBE

2.2, GROUPEMENTS PHY [OLOGIQUES DE MICROORGANTSMES
IMPLIQUES DANS LA ]_%‘[7‘?1;IJISA~&'J”1()N‘ DU CIRCUIT DES
PRINCIPAUX BLEMENTS

DORINA NICOLESCU -

Gelle étude fait partic Q’un evele de traveaux concernant Pypport de la microflore
bactérienne planctonique dans la réalisation” des prineivales fonctions des ¢éeo-
syslémes aquatiques lacustres du Delta du Danube (4) -— lo flux énergélique (5),
Ia circulation de la maliére ot l'autoréglage. L'¢tude. présente I'analyse des prin-
cipaux groupements spéeialists de microorganismes qui interviennent dans cer-
taines élapes du cireuit biogéochimique des principaux élénents — C, N, S. Cette
analyse vient de compléter la mise en évidence de Pimplication de la microflore
bactérienne dans la réalisation de la fonction de circulation de Ia matiére par la
capacité de dégradation ct de synthese hactérienne 6).

A Pencontre du caractére unidirectionnel du flux d’énergie par
Pécosystéme, les éléments chimiques autocréés dans lew processus méta-
beliques présentent un mouvement cyclique, étant toujours réutilisés, pas-
sant toujours de la maticre inorganique (le milieu abiotique) dans la mati-
eére vivante et inversement, en formant les soi-disant eycles biogéochimi ques
des éléments, constitués de deux circuits interconnectés — le cireuit hio-
logique et celni géochimique. '

H est connu gue Jes eyveles hiogéochimiques des @ifférents éléments
se ddroulent en spirale, mirigués entre eux (11), leur complexité et poids
dépendant de 1a spécificité des ceosystemes. Llimplication des micreorga-
nismes dans ces cireuits ext due (6) principalement d leur activité de dégra-
dation des substances organiques (de natere avtochtore ou alloehtone) et
auX syntheéses cellulaires mais uussi 2 1o cepacite de mobiliser ces éléments
des soi-disant « réservoirs » naturals (e fixage du N, atmosphérigue, ia sclu-
bilisation des phosphates insoiu bles, ete.)

Ainsi que nous Davons déja montré (6) «la plasticité » du méta-
bolisme bactérien (11), autrement it «Pinduetion enzymatique » (3)
particalarité qui résulte de I'habileté des wmicrocrganisnies de former les
enzyines Necessaires pour Putilisation des différents nutrients présents dans
le milieu, justifie la capacite métabolique élevée des micreorganismes dans
des conditions de milicu variables en temps des écosystémes aquatiques
deltaiques. I)’autie part, existence des différenciatious individuelles, sous
le rapport du potentiel biochemigque des bactéries (11) 2 conduit 3 {’appa~
rition de certains types « specinlisds » métaboli ques qui peuvent utiliver un
vombre limitd seulement de nutiients — jes grovpements physiologiques
de microorganismes impliqués dang cerbuines phases du eircuit des princi-
paux. éléments des deosystémes o quatiques du Delta du Darube.

REV. ROUM. BIOL.-BIOL. ANIM,. TOME 38, N°1, P, 79—381, BUCHAREST, 1993
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2.2.1. Groupements physiologiques des mieroorganismes participants
au eireunit du earhone

En partant de ce que les bactéries représentent — auprés les micro-
phytes et les macrophytes — 'une des principles composantes de la cir-
culation du carbone dans les écosystemes aquatiques deltaiques, on peut
affirmer que tous les groupements spécialisés de microoprganismes par-
ticipent (par la nécessité métabolique en carbone) au circuit de cet élément.
La spéciticité des écosystémes aquatiques deltaiques, — le développement
successif des différentes populations alguales, la grande quantité de macro-
phytes submersibles (en certaines périodes et zones) — nous a déterminé de
considérer opportun d’analyser — entre les groupements spécialisés — les
microorganismes qui produisent la dégradation de 1’amidon, des pectines
et des celluloses de la masse d’eau — substances hydrocarbonates issues &
la suite de la mort de la composante végétale. Etant donné le poids élevé
de ces hydrates de carbone dans les écosystémes deltaiques, on peut dire
que l'intervention des microorganismes dans leur dégradation représente
une étape importante dans le remise en circulation des éléments bloqués
dans ces structures chimiques complexes ainsi que dans 1’évolution des
éeosystémes aquatiques.

Les microorganismes qui dégradent Vamidon

I’amidon est un composant facilement dégradable grace & Pamylase—
enzyme extracellulaire, produite par plusieurs bactéries. Le grand nombre
des microorganismes amylolithiques dans les écosystémes aquatiques del-
taiques montre la capacité élevée de dégradation de cet hydrate de carbone.
Les déterminations effectuées dans les lacs Rosu, Puiu, Porcu, Iacub,
Réducu au cours des années 1975—1979 ont mis en évidence des valeurs
comprises entre 10* —10°® cell./1 (tableau 1) par rapport au lac Matita-Mer-
heiu en 1980 — de 10* cell./1 (tableau 1). L’inexistence d'une dynamique
saisonnere caractéristique a ce groupe d’organismes (tableau 1) est due aux
permanentes sources productrices d’amidon (algues planctoniques présen-
tant des successions populationnelles rapides, macrophytes submersibles
ayant différents cycles de vie).

La connaissance de ’évolution des biocénoses des lacs analysés nous
permet certaines observations : les limites les plus larges de variation de la
valeur se trouvent dans le lac Iacub, qui présente une mosaique de dévelo-
pements explosifs des cyanophicées et des développements de la vegetation
submersible en été ainsi que 'existence des iles flottantes en certaines
zones du lac — fourniseurs d’amidon dégradable & 1'achdvement du cycle
de végétation, les limites larges dans lesquelles évoluent les microorganis-
mes amylolithiques du lac Porcu, aux amplitudes élevées eu 1977 , COITes-
pondent au plus grand développement des macrophytes submersibles —
Ceratophylium et Miriophyllum, ainsi qu’au phénoméne de mélange de
Pean & I'horizon de surface du sédiment (3 cause des petites profondeurs).

Les microorgamismes qui dégradent les pectines

Les pectines, composants insolubles dans ’eau, se trouvent en quan-
tites significatives, différentes de point de vue chimique selon leur pro-
venance. Elles sont attaquées par les bactéries aérobies, anaérobies et

Le réle écologique du bactérioplancton

Tableau 1

Groupments physiologiques des microorganismes impliqués dans le circuit du carbone des écosystémes lacustres du Delta du Danube — dyna-

mique saisonniére, X, (10X 10%/1)

Automne

Eteé

Printemps

Saison
Groupe

Cellulosolil higues

aérobies

Amyloli- Pectinoli-

Cellulosolithiques
aérohies anaérobies thiques

Amyloli- P’ectinoli~

ctinoli- Cellulosolithiques

Amyloli- Pe
thiques

anaérobiés

thiques

aérobies anaérobies thigques thiques

thiques

Lac

1976 —1976

oY OO
(= -]
- O

[
[lelap)

OO

96,18
13,59
29.40

1.349
4.088
958

1.448
1.440
3.832

726

6,21
8.23
4,14

Rosu
Puiu
Porcu

100.000
5.037

Iacub (1975)

Raducu (1977)

39,50

9,00

48,73

1,25 15,75 3,50 4.000 250,00 5,50 4,50

.2

1980
4,69

241,00

1,41
0,07

2,00
0,09

31
58

11,00
9,00

12,00
12,00

0

Q
o0
”mm

3

325
359

Matita
Merheiu

1987

34,00 8,00 8,40
)50 12,00

1.732 154,00

2.300

Rosu
Rosulet
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fungi, Teur degradation se déroulant en plusieurs ¢tapes, & partir de leur
solubilisation (10). Les déterminations de la mieroflore bactérienne pee-
tinolvthique des lacs du Delta du Danube (tableau 1) relovant des valeurs
de 103 —10° cell /], bien inférieures &la microflore amyiolithique. On ebrerve,
en géndéral, un développement plus abondant en antomne dansleslacs Ro,
Puin et Riducu et en 616 dans les lacs Merheiu et Rédducu.

La structure chimique différente des pectines en fonction du déve-
loppement des composantes végétales des biocénoses aquatiques, leurs
insolubilité sont des facteurs qui concourent tant a I'évoluticii deln courbe
de développoment de la microflore bactérienne pectinolythique dans la
masse de ’eau gqu’d leur entrainement dans le processus de sédimentation
des résidus végétaux dans cew ceosystemes peu profonds, ayvant cemne

5

résaltat la dégradation ultérieure dans les sédiments.
Les microorganismes qui dégradent la cellitlose

Ta cellulose est un des plus complexes et stables hydrocarbonates
issus en grandes quantités des restes végétaux des biocénoses des écosys-
tomes aquatiques deltaiques ; elle est attaquée sewdement par les micreor-
ganismes cellulosoly thiques spéeinlisés dans Putilisation de la cellulase
comne unique source de carbone. L'intensité du processux de dégradation
adrobie et anaérobie de la cellulase dans la messe de Pecu ext réduite ; elie
lieu de préférence en sédiments pendant longtemps. Nos recherches ont
mis en ¢vidence une microflore cellulosclythique adrobie of
(tablean 1) dont les limites montent 2 103—10* cell/l, dominante le
privtenips.

Lies tests effectués en 1987 sur les mémes groupes de microorganismes
(tabieaw 1) reidvent des valeurs numérigue élevées, ce que suppose l’accrois-
sement du substratdségradable dans le contexte de Uévelution des éecsynte-
mes aguatiques del

s
t

1

33

alques.

Ianalyse quantitative de ces {rois groupes physiologiques de micro-
organismes  (spéeialisés du peint de vue de leur potentiel bicchimigue,
v compris métabolique) illustre certains aspects de aéiail de Vinterventien
des 1otcroorganismes planctoniques daxs lacireululicn de la matiere des
deosystdmes aquatiques lacustres du Belta du Danube, o xavoir : 1é carbone
blogué¢ a la suite du processus de photosynthose dans des composants
comme Vamidon, les pectines, les cellulases, dans Uhuinense quantité de
microphytes et mascrophytes, est remis en circuiation grice aussi & la
microfore bactérienne planctonique (facilement dégradable), le nivezu le
plus dlevé de dégradation des pectines et des eellulases re dérculant dans Jes
sédiments.

922, Groupements physiclogigues de microorganismes partieipants.
au eircuit del’azote

Golterman, 1575 (3) et Botnariue, 1882 (.
tion de Dazote dans les écosystames nauats

cul
cirewit algael ot bactérien, denviren 10—20 fols p

3 3 . - - e R T
posantes biocénotigues y participent

v

ahaérobie

e
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cité d’utiliser et de fixer en constituents cellulaires 1’azote en differentes
formes d’oxydation existantes dansla masse de 1’eau des écosystémes aqua-
tiques deltaiques revient aux algues’et aux bactéries.

Dans les écosystemes aquatiques, & 1'encontre des autres éléments,
Dazote se trouve dans divers stades d’oxydation, la microflore bactérienne
déterminant en grande partie l'interconversion des différentes formes
de cet élément. Selon Golterman, -1972 (3) : Le degré d'oydation du

" Ty — 28 __ A o 38 s et e . . ’ -
N :NOjy 5 NOy 5 N 5 NH, -» Norganique. "La charge ¢l. de 1’atome

N: 45 30 =3 =3 . -

Le cycle biogéochimique ‘de 1"azdte connu (3, 8) met en valeur Uin-
tervention complexe des microorganisines par groupements physiologiques
spéeialisés dans chaque étape de transformation entre les formes oxydée
et réduite, apparemment comne un circuit exclusivement bactérien.

Dans les écosystémes aquatiques deltaiques, la grande quantité de
micro- et macrophytes est déterminée dans le circuit de 1’azote par deux
aspects : les nécesités acerues d’azote assimilable (NOj, NOz, NH;) et les
énormes quafitités de matiére organique provenue de la succession rapide
des populations alguales et 1’achévernent du cyele de vie'des macrophytes
qui 8’imposent & &tre dégradées pour refaire les formes assimilables.

La minéralisation .de Vazote organique issu & la suite de la
chute des plantes, de la morf des animaux ou bienl des sécrétions ou
excrétion des. algues se réalise par des groupements de microorganisimes

v

spéeialisés pour chaque étape.

T dégradation des protéines complexes se produit, géndrzlement,
en dehors deg cellules, & PPaide des enzymes protéolithiques :(bien que les
microorganismes continnent aussi des endoenzymes protéclithiques) jus-
qu’aux formes qui peuvent entrer dans la eellule ol elles sortt utilisées ou
dégradées en produits utiles (11). Ta dégradation des protéines suit le
schéma suivant : protéines —> peptides — aminoacides.

Nous avons surpris cette étape de dégradation des protéines & 1’aide
des recherchés portées sur le groupment. physiologique des protéolithique
qui comprend; des-bzctériés strictement aérobies, facultativement anaéro-
bies et strictément anaérobies. Les recherches effectuées dans ies écosyste-
mes lacustres-deltaiques (tableau 2) au cours des ahnées 1975—1979, reve-
lent des valears de “102—10°%/1, plus. élevées en automne, atteignant un
maximum dans le lac Riducu. En méme temps; les recherches effectuées
dans le lac Rosu en 1987, metten en évidence une augmentation de deux
ordres de grandeur par rapport & la:période 1975—1979. Tl faut mentionner
que la formsation des enzymes protéolithiques des bactéries est régressée
par la préseiie dans le-milien d’un hydrolisé de protéines ou des amino-
acides, done par le produit méme de leur activité.

Les aminoacides et les peptides ayant la masse moléeulaire réduite,
résultés du processus de protéolise, sont activement transposés dans les
cellules microbiennes et métabolisés en poursuivant deux processus : la
désamination et la décarboxylation, certains microorganismes ayantla
capacité d’utiliser les deux possibilités & U’aide d’un mécanisme spécifique
de régler le pH ¢ellulaire. Dans le cireuit de 1'azote I'important c’est le pro-
cessus de désamination avec formation de NH, ;le produit de la désamina-
tion est un composé qui peut étre introduit directement dang 'une des
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Chaque stade de ce processus. produit ’énergie utilisée par les bac-
téries pour réduire le CO,. - - o o o
"~ Le processus d'oydation des formes réduites de 1'azote a ¢té mis en
évidence dans les écosystémes lacustres du Delta du Danube, par nitrite-
bactéries (nitrosobactéries) et nitrate-bactéries (nitrobactéries) responsables
des deux phases du processus. Golterman, 1975, (3) montre que la tempé-
rature réduite et la présence des substances organiques ménent & un taux
diminué de P'oxydation ; en méme teraps, Daubner et Ritter, 1979 (1a),
ont relevé la dépendance de Dactivité nitrificatrice de la concentration d'0,
dissout du milieu. L'identitication des nitrite- et nitrate -bactéries dans
les lacs deltaiques a ét¢ trés difficile : elles ont été maises en évidence en
guantités décélables en cultures d'une maniére sporadique, aprés une
prolongée période d’incubation. Ainsi, a-t-on signalé les nitrite-bactéries,
en. 1975, dans'le lac Tacub — entre les limites de 10°/—107/1 et en 1977 —
dans le lac Ridueu (10*-—10%/1), deosystémes dans lesqaels le processus
méme ¢’ammonification a été plus élevé (tablean 2). La phase de nitrata-
tion du processus a été signalée seulement en 1977 dans le lac Puiu et la
mare de Porcu aux densités bien inferieures (0—10%/1) en certaines périodes
(en été). G. Zarnea, 1984 (11), montre que le développement des bactéries
nitrificatrices nécessite une consommation accrue d’énergie pour la réali-
sation d'un «transfert inverse d’¢lectrons», ce qui explique pourquoi
Paccroissement de Nitrobucter nécesite Poxydation d’une grande quantité
de nitrites et pourquoi cet aceroissement est lent.

En méme temps, les éeosystéme lacustres deltaiques qui se trouvent
dans un stade avancé d’entrophie abondent -en substances organigues
ayant un role inhibiteur, ce qui justifie le faible développement des bac-
téries nitrificatrices autotrophes.

Gode et Overbeck, 1972 (2), ont supposé et recherché la posibilité
de réaliser cette étape d’interconversion des formes réduites en formes
oxydées de ’azote, dans les eaux eutrophes, par une microflore bactérienne
hétérotrophe ; les recherches compardes dans le lac Plusse ont mis en evi-
dence que 'oxydation de 'ammoniaque est due presque entierement aux
bactéries hétérotrophes. '

‘Ties épreuves que nous avons effectudes dans le lacPuiu, en1979, ont
montré qu’il v avait une nitrification hétérotrophe, le processus étant plus
intense aux moments ol la microflove totale hétérotrophe était plus abo-
dante et la nitrification autotrophe presque inexistante. (7).

Lie processus de nitrification a une signification majeure dans la
biologie globale des écosystémes aquatiques, en réalisant la forme la plus
assimilable de ’azote par les micro-et macrophytes- NOj . A cause des grands
nécessités d’azote dans les synthéses cellulaires, les algues utilisent quand
niéme ’azote sous la forme — NH, (d'une manidre préférentielle). Ce fait
est attribué & linhibation de Penzyme nitrate réductaxe parle NI, présent
dans le milieu (3). ‘ '

Ta réduction des nitrates par des microorganismes se réalise
outre la réduction assimilatrice -par laquelle tout microorganisme
capable d’utiliser NOj en tant que source d’azote produit la réduction des
nitrites & NH; nécessaire a la biosynthese des constituants cellulaires par
un processus de ddsassimilation aussi, de réduction. de 1'un ou de tous les
denx produits oxydés de Pazote aux oxydes gazenx (NO ou N,0) qui peu-
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vent &tre, enx wassi, réduits jusqu'y Vazote gazeux (Ny). Le processus est
connu sous le nom de dénitrification, effectué exclusivement par les bac-
téries qui composent un groupe biochimique et taxonomique treés hétéro-
gtne — le groupe des dénitrificateurs. Dans ce processus, le nitrate ou leg
produits de sa véduction servent en tant qu’accepteurs d’électrons pour
Poxydation de certains composants , généralenient organi ques et pour
la production d’énergie. La réduction des nitrates peut se dérouler jusqu’y
la 'pro(l.u{jtﬁo*n et Pélimination de NHy(NO; —NO; —+NM,), tenant ecompte
des conditions existantes dans Décosystéme. La dénitrification est un pro-
CORSILS muitienzymatique, sensible & la présence de Pexygene qui méne 3
la répression de la synthose des enzymes dénificatrices. Il a 6¢té long temps
considéré eomme processus qui-n’a pas lien dans les eux bien dans les eaux
bien oxygendes. Jannach et Pritchard , 1972, ont démontré que le processus
de dénitrification se produit aussi dans les eaux avantun contenu éleve de
0, dissout, mais avec heatcoup de suspensions, dues peut-étre & une zone
microanaérobie qui se forme autour des particules en suspension. (Pest
la sitnation existante dans les laes du Delta du Danube qui ont, pendant
la plupart de Uannée, une quantité maximale d’oxveene dans la masse de
Veau (due au fort développement de la micro- et de la macrovégétation)
et abondent en suspensions. Les bactéries déni trificatrices, anadrobies et,
pour la plupart, hétérotrophes, utilisent le nitrate pour 'oxydation com-
plete de certains composés organiqites & CO, et eau. Elles ont é1é identifices
en grandes quantités dans les éeosystdmes lacustres deltaiques — entre les
linites de 10 —10"/1, prédominantes au cours des anndes 1775 — 1979 dans
lex lacs Iagub et Riducu et la mare Poren, le maximum étant atteint dans
le lac Matita en 1980 (tablean 2). - , Co

[Livdénitrification est un processus biologique particulierement impor-
tant dans les laes du Delta du Danube par plusieurs aspects :

e activitd dlevée de denitrification  réduit les quantités de
NU; jusqu’d N, inaceessible aux microphytes et aux macrophytes

— ia production de N, et méme de NH, méne & la parte d’importan-
tes quantités d’azote de-1'écosystéme bien qu’une partie de NH, puisse
revenir dais la cirevit propre de Péecsystéme prélevé par d’autres Organis-
mes ; - RV S o
_— DPéventuelle temporisation des étapes de la nitrification, de répres-
ston dela synthese des enzymes nitritereductases (A cause de la modification
des conditions du milien) pourrait créer des conditions défavorables aux
bioceénoses par Pexistsnce d’une quantité de NOyayant des effects toxiques.

Grace aux méeanismes d’autordglage les écogvstémes tendent vers le
redressement des réserves d’azote nécessaires au développement des
b}o’cgnoses, par le processux e fixation biologique du N, atmos-
phérique, réalisée par un groupe restreint d’organismes, a}ant un
systéme cnzymatique spéeifique — la nitrogénase. Par rapport anx condi-
tions spécifiques des écosystémes aquatigues deltaiques, nos recherches
on{ poursuivi la mise en évidence des bactéries fixatrices de N, atmosphé-
rique, hétérotrophes libres aérobies et anaerobies. G. Zarnea: 1984 (11)
montre que la nitrogénase, méme celle provenue des bactéries anaérobies.
est rapidement et irvéyersiblement inactivée par la présence de_l’oxvgéne’
mais les bactéries acrobies ontdévelopé desmécanisies, des udaptaﬁdus eL’-
des.stratagémes anatomiques et physjologiques pour éviterl’acces de 120,
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La présence des bactéries fixatrices de N, atmosphérique dans la
masse de 1’eau a été signalée, pour celles aérobies en 1975—1976 aux
valeurs réduites (102—10%/1) pendant que les bactéries anaérobies ont été
identifiées au cours de 1’entiére période de recherche aux valeurs comprises
entre 103—10%/1 (tableau 2). 11 faut mentionner que la réduction enzy-
matique du N,atmosphérique & NH,est un processus necessitantune grande
quantité d’énergie pour rompre la triple liaison du N, (N = N) ayant un
degré élevé de stabilité ; elle est toujours accompagnée d’une hydrogénase
capable d’augmenter 'eificience du tixage du N, (11). La synthése de la
nitrogénase se trouve sous le contréle rigoureux du NH,au role repressiff,
de sorte que les microorganismes ne puissent tixer le N, atmosphérique que
lorsque 1’azote fixé manque du milieu, et c’est 14 peut-étre la cause des
grandes besoins d’énergie,

Peor la diversité des groupement physiologiques de microorganismes
présents dans chaque étape d’interconversion des différentes formes de
P’azote, le circuit de cet élément dans les écosystemes aquatiques peut étre
considéré comme un circuit bactérien. Ce n’est qu’en apparence, parce que
seules les étapes de transrormation sont propres aux bactéries, pendant que
la synthése des protéines du protoplasme cellulaire appartient pour la plu-
part aux plantes et aux animaux (tout comme anx bactéries ) et le processus
de fixation du N, atmosphérique, de compensation des pertes d’azote dans
I’écosystéme, est di dans une petite mesure aux bactéries, dans les éco-
systemes aquatiques deltaiques les algues bleues-vertes (les cyanobactéries)
accomplissant ceite fonction avec bien plus d’efficacité.

2.2.3. Groupements physiologique de microorganismes participants
au eireuit du soufre -

Constituant de quelques aminoacides importants et de certaines sub-
stances protéiques et vitamines, le soufre est un élément de base dela com-
posante biotique des écosystémes aquatiques, son circuit étant un exem-
ple spécifique pour D’interconnection aux circuits des autres éléments (N,
P, Fe). En méme temps, le soufre et ses composés deviennent toxiques
pour les plantes et les animaux lorsque sa quantité dans le milien est en
exceés. Ayant un caractére mixte — gazeux et sédimentaire, le circuit bio-
logique du soufre se déroule dans les écosystémes aquatiques fortement
dépendant du circuit hydrologique et des processus physico-chimiques,
des échanges avec les sédiment et 1’atmosphére. Le role clé dans le dérou-
lement du circuit biogéochimique du soufre revient aux microorganismes,
autant par les processus de dégradation des substances organiques & soufre
que par les transformations produites entre les formes oxydées et celles
réduites de cet élément (1).

Compte tenu des conditions des lacs du Delta du Danube, caracté-
risées par grandes quantités de substances organiques, conditions différen-
tes d’oxygénation et infiltrations d’eau marine en diverses zones, nous avons
considéré nécessaire de mettre en évidence quelques groupements spéci-
fiques de microorganismes impliqués dans le circnit de cet élément.

La dégradation des substances protéiques avee prouction de H,S,
déroulée dans des conditions réductrices, est due & un groupe de micro-
organismes non spécifiques, important dans le remise en circulation du
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soufre contenu dans les substances organiques complexes, mais aussi en
t?,nt qu’épreuve de U'interconnexion des circuits de 'azote et du soufre,
L\n. général, dans les lacs du Delta du Danube, ce processus se produit 13
ouil y a des conditions de déficit d’oxygene, dansles zones d'iles flottantes
et, bien entendu, dans les conditions ou il Y avait des formes a.ssimi]ableé
de soufre (sulfates) qui ont été¢ incorporées dans les composantes cellulaires
Les valeurs prélevées du lac Rosu sont dues a Papport de la zone du VOi-
sinage des iles flottantes du lac Rogulet et quelque fois & 'apport de eau
de mer riche eu sulfates. Les maxima energistrés en 1980 dans les lacs
Matﬂ;&ﬂet Merheiu (tableau 3), au cours de 'automne et de 1’ét¢ sont dus
aux memes facteurs de circulation de ’eau avec un chareement, organique
du cote des iles flottantes. - )

~ Les sulfato réducteurs se développent aussi dans des conditions réduc-
trlceskda,ns lesquelles les sulfates sont réduits aux formes moins oxydées
ou méme & H,S.

_ En général, le processus de sulfatoréduction a lien dans les sédiments
mais il se développe aussi dans la masse de 1’ean dans les zones du Voisinagé
des iles ﬂottax}tes ou dans les horizons de profondeur lorsqu’ils ne sont
pas bien oxygénés. Ce groupe est le mieux représenté dans le lac Iacub
(1975) en ¢té-automne, dans le lac Riducu en été (1977) et dans le lac
NI&PI@& au printemps, périodes pendant lesquelles les aux eaux situdes sous
les iles flottantes ont ét¢ entraindes (tableau 3)

Tableau 3

Groupements physiologiques de microorganismes impliqués dans le eircuit du soufre

dans les écosystémes lacustres du Delta du Danube — dynamique saisonniére, )zg
(mo. x 1031) )

Saison Printemps Eté Automne
Groupe 1 2 1 2 1 2

Lac
—

1075—197%

;)ioF;lx 80,86 2,15 45,00 8,12
Pun‘x 9,75 2,61 1,50 1,10
I:(;(l,}l)l 108,65 5,52 4,50 1,59
g

(1975) 98,00 80,00
Raiducu g 2,5
1979 18,30 2,50

) — 19%0 —
Mam,a. .1:50.000,00 21,00 0,00 7,78 170,00 4,00
Merheiu 1.230,000,00 7,00 0,07 8,12 250,00 8,00

— 1987 —
Rosu 1,10 3,40
Rosulel 0 :9() 0 :O()
1

= décomposants avee librération de g
2 = sulfatoréducteurs

y Il, f_,zmt mentionner que dans le Delta du Danube, le produit de ’acti-
V’lté mgtabolique de ces deux groupements de microorganismes — H,S,
s‘accumule dans toutes les zones des iles flottantes ou dans les zones oll
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_ se produisent des dégradations massives faute d’oxygéne et il enire auto-

matiquement dans ](1 cireulation des eaux, lorsque, anx niveaux réduits,
Pean sort de sous les iles flottantes dans le W\temo de ruisseaux et canaux.
Le H,S entre de cette maniere dans le ecirenit hvdrologique (N. Botnariue,
1982) ; il peut étre soumis aux oxvdations (*hnmque\ o bmlomque% ou peut
étre sédimenté en formes réduites du soufre.

Le processus de wlfow/(lufwn dt aux diifférentes espoces de Thio-
bacillus se déroule dans les endroits oit il ¥ a une source pérmanente de
H,S8 et O, (oun \() ) parce que le H,5 n Text pas stable et il est oxvdé par
voie chmuque Les microorganismes qui composent ce groupe sont ché-
molithotrophes, spéeialisés dans Poxydation d'une large gamme de sub-
strats réduits Jusgn’a S0 élémentaire oufet formes oxydées, comme sulfa-
tes, sulfites. Les épreuves que nous avons effectudes dans les laes du Delta
du Danube ont relevé 1a présence des bactéries sulfoxydantes du g. Thio-
bacillus de Pordre 10'—165/1, surtout dans les zones potentielles produe-
trices de H,S. '

Llanalyse quantitative numérique dex différents groupes spécialisés
de microorg ganismes participants aux différentes étapes du circuit des prin-
eipaux dements des lacs du Delta du Danube, met en ¢vidence un tableau
d’ensemble de Dimplication des microorganismes dans “les processus de
dégradation et de transformation des différentes formes chitniques daiis
lesquelles se trouve I’élément dans les écosystémes. La compazraison d’un
groupewent physiologigue dans différents lacs étudiés par la densité numé-
rique qui le compose reteve Pactivité métabolique par rapport aux condi-
tions spécifiques de chaque écosyvstéme ; une comparaison du poids numé-
rique entre différents 01’0upemeut partxup(mls_au circuit du méme élé-
ment ou de différents éléments n’est pas édificate parce que le dévelop-
pement d’une groupement dépend de sa physiolon‘ie et sa biochimie, de ia
facilité dans V'utilisation du substrat, des facteurs répressifs sur leur poten-
tiel enzymatique, des néeessités éner Oc’uﬂ ues, ete.

I {aut mentionner que dans la réalisation du circuit des éléments dans
les écosvstemes, le développinent des groupements physiologiques apé-
cialisés est soumis & la loi de la succession écologique, le développement
des groupes créant dans les ccosvstcme,\, par le métabolisme cellulaire, des
sources de nutrients nécessaires & d'autres groupes.

Llintervention des groupements physiologiques specialisés dans
Vinterconversion des différentes forimes sous lesquelles se trouvent les
éléments dans les écosystomes aquatiques deltaiques détermine 1’existence
des formes assimilables pour les composantes biocénotiques et assurel’ (,qul—
libre entre les conditions réductrices et celles oxydatives du milieu.

Il est d’autant plus évident que dans les recherghes intégrées, dans
Pesprit de P’analyse systémique, la simple détermination du nombre des
microorganismes appartenant aux différents groupements physiologiques
impliqués dans le eirenit biogéochimigue des éléments est.induffisante ; il
est opportun de quantifier les diiférentes étapes de 'interconversion des
diverses formes chimiques dans ’appréciation de:la fonctionnalité del’ eco—

systéme dan% les COHdlLlOI’lb de l’nnpact qnﬂn‘oplque (l)
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