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Kratak sadrzaj: Cilj ovog rada je bio da se ispita distribucija arterije i portalne vene portalnog
sistema jetre tekunice (Spermophilus citellus) 1 dobijeni podaci uporede sa onima kod pacova,
kunic¢a, zamorceta i nutrije. Jetra tekunice prima kiseonik i hranljive materije preko krvi iz dva velika
krvna suda: portalne vene (v. portae) i jetrene arterije (a. hepatica propria). Portalna vena nastaje
iz sliva tri glavne vene: v. gastropancreaticoduodenalis, v. gastrolienalis i v. mesenterica cranialis.
Portalna vena skuplja vensku krv iz zeluca, pankreasa, slezine, svih creva osim pravog creva
(rectum). Portalna vena ulazi u portalni zleb na jetri zajedno sa jetrenom arterijom. Pet venskih grana
razli¢itih veli¢ina odvajaju se od portalne vene i granaju se u odgovarajuce reznjeve jetre. Krv iz
jetre odvode jetrene vene koje poCinju sa centralnim venama u jetri. Tri velike jetrene vene i dva
venska stabla odvode krv iz svih reznjeva jetre u kaudalnu Suplju venu u toku njenog prolaska kroz
jetru. A. hepatica propria snabdeva jetru i zu¢nu kesu oksigenisanom krvlju. 4. hepatica propria
izlazi iz jetrene arterije (a. hepatica), koja je tre¢a grana celijacne arterije. U portalnom zlebu, a.
hepatica propria se deli u dve grane, od kojih leva grana dovodi arterijsku krv u levi rezanj jetre, a
desna grana u ostale reznjeve jetre.

Kljuéne redi: tekunica, jetra, portalna vena, jetrena arterija

UvoD

Tekunica, poznata i po nazivu Evropska plodovima biljaka kao i za igrom na travnatim

tekunica (Spermophilus citellus), je mali glodar
iz porodice veverica (Ramos-Lara i sar., 2014).
Njena duzina tela iznosi do 20 cm, a telesna
masa izmedu 200 i 300 g (Spitzenberger i Bauer,
2001). Zivi u kolonijama ispod zemlje u
razgranatim hodnicima koje sama kopa (Turrini
i sar., 2008; Helgen i sar., 2009). Na povrsinu
zemlje izlazi u potrazi za semenkama i

terenima (Koshev i Pandourski, 2008). Tekunica
je pravi prezimar i njena hibernacija traje od
oktobra do marta (Millesi i sar., 1998; Mat¢jd,
2008). Najvec¢i broj populacija na podrucju
Srbije se nalazi u Vojvodini, i to na stepskim
pasnjacima  koji nisu  preorani. Usled
intenzivnog razvoja poljoprivrede staniSta
tekunice su se smanjivala, a mnoga su i nestala

** Rad je prezentovan na 23. Godignjem savjetovanju doktora veterinarske medicine Republike Srpske (BiH)

sa medunarodnim uces¢em, Tesli¢ 2018.
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te je tekunica postala zakonom zasti¢ena vrsta.
Za nabavku tekunica iz prirode dobili smo
odobrenje  Etickog  komiteta  Fakuleta
veterinarske medicine u Beogradu (N° 01-218,
21. 04. 2008.) i Ministarstva za zastitu prirode
Republike Srbije (Br/N° 353-01-752/2008-03).

Tekunica se koristi kao eksperimentalna
zivotinja za ispitivanja u biologiji, fiziologiji,
imunologiji, mikrobiologiji i drugim nau¢nim
disciplinama. Zbog pripadnosti redu glodara
interesantna je za anatomska istrazivanja organa
i sistema organa koja bi uporedili sa istim
organima  kod  drugih  eksperimentalnih
zivotinja.

Brojni autori su ispitivali morfologiju jetre
eksperimentalnih Zivotinja kao §to su pacov
(Hebel i Stromberg 1976; Lorente i sar., 1995;
Kogure i sar., 1999; Komarek, 2000; Martins i
Neuhaus, 2007), kuni¢ (Seo i sar., 2001; Hristov

i sar., 2006; Stamatova-Yovcheva i sar., 2012) i
nutrija (Pérez i Lima, 2007).

Jetra eksperimentalnih zivotinja ima dva
aferentna krvna sistema, portalnu venu (v.
portae) i jetrenu arteriju (a. hepatica propria) i
jedan eferentni krvotok, jetrene vene (vv.
hepaticae). U literaturi ima radova koji se
odnose na krvotok jetre pacova (Jankovi¢ i
Stanojevi¢, 1962; Innocenti i sar., 1978; Brand i
sar., 1995; Mehran i sar., 2000; Miyaki i sar.,
2006; Dong i sar., 2010; Kresakova i sar., 2019),
kunicéa (Seo i sar., 2001; Kresakova i sar., 2019),
zamorceta (Kresakova i sar., 2019) kao i coveka
(Pukanovi¢ i sar., 2006; Xing i sar., 2007). U
literaturi ima malo podataka o krvotoku jetre
tekunice 1 ovaj rad predstavlja nastavak
proucavanja vaskularizacije organa kod ovog
glodara.

MATERIJAL Il METODE RADA

Ispitivanja su vrSena na 10 tekunica, oba pola,
telesne mase 250-300 g i razliite starosti.
Tekunice su hvatane na terenu juznog Banata
(Deliblatska pescara). Zivotinje su bile klinicki
zdrave. Uz obaveznu anesteziju primenom
preparata ketamina 10 ml/kg t. m., i. m. uz
premedikaciju ksilazinom 1,1 ml/kg t. m., i. m.
(Rompun, Bauer, Kanada) Zzivotinje su bile

zrtvovane. Ispitivanje morfologije jetre vrSeno
je na preparatima jetre konzervisanim u 4%
formalinu. Za dobijanje korozivnih preparata
vena jetre u portalnu venu je ubrizgan lateks. Za
dobijanje arterijskih krvnih sudova jetre u
pocetni deo trbusne aorte ubrizgan je Zzelatin
obojen minijumom.

REZULTATI

Da bi razumeli krvotok jetre tekunice treba
poznavati njenu lobarnu gradu. Kod tekunice,
kao i kod drugih eksperimentalnih Zivotinja
postoji velika anatomska varijabilnost u broju
reznjeva jetre, grananju krvnih sudova i zu¢nih
kanali¢a. Ipak, u najve¢em procentu tekunica
jetra se sastoji iz 4 reznja: levog reznja jetre
(lobus hepatis sinister), kvadratnog reznja

(lobus quadratus), desnog reznja jetre (lobus
hepatis dexter) 1 repatog reznja (lobus
caudatus). Levi rezanj jetre je podeljen dubokim
usekom (incisura) u veliki, levi lateralni (Jobus
hepatis sinister lateralis, slika 2- A) 1 petostruko
manji levi medijalni rezanj (lobus hepatis
sinister medialis, slika 2- B). Kvadratni rezanj
(slika 2- C) lezi ventralno od portalnog zleba
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(porta hepatis) 1 dubokim usekom je odvojen od
levog medijalnog reznja i manjim usekom od
desnog medijalnog reznja. Uz rub kvadratnog
reznja nalazi se udubina u kojoj lezi Zu¢na kesa
(slika 2- Vf). Desni rezanj jetre je dubokim
usekom podeljen na desni medijalni (Jobus
hepatis dexter medialis, slika 2- D) i desni
lateralni rezanj (lobus hepatis dexter lateralis,
slika 2- E). Repati rezanj (lobus caudatus) lezi
iznad portalnog Zleba i sastoji se od dva izdanka,
repatog (processus caudatus, slika 2- F) i
bradaviCastog izdanka (processus papillaris,
slika 2- G) od kojih je processus papillaris
podeljen na dva dela.

Jetra ima funkcionalni i nutritivni krvotok.
Funkcionalni krvotok ¢ini portalna vena koja
donosi materije u jetru na obradu, dok nutritivni
krvotok ¢ini jetrena arterija, koja donosi
hranljive materije i kiseonik za jetrine ¢elije.

Jetra ima dva aferentna krvna sistema, portalnu
venu (v. portae) 1 jetrenu arteriju (a. hepatica
propria) i jedan eferentni krvotok, jetrene vene
(vv. hepaticae).

Portalna vena u tekunice nastaje iz sliva tri
velika venska krvna suda (v.
gastropancreaticoduodenalis, v. gastrolienalis 1
v. mesenterica cranialis) koji odvode vensku krv
iz Zeluca, pankreasa, slezine, tankog i debelog
creva osim pravog creva (rectum). Portalna
vena, duzine 1 do 1,5 cm ulazi u portalni zleb u
predelu desnog lateralnog reznja zajedno sa
jetrenom arterijom. Grananje portalne vene u
jetri uslovljeno je njenom lobarnom gradom.

U portalnom Zlebu od portalne vene se odvaja 5
venskih grana koje ulaze u jetrine reznjeve i
granaju se intrahepaticno u sinusoide. Prva
grana predstavlja zajednicko vensko stablo za
desni lateralni rezanj i repati izdanak repatog
reznja. Ona se posle 5 do 6 mm od pocetka deli
na dve grane: jedna se razgranjava u desnom
lateralnom reznju, a druga u repatom izdanku
repatog reznja; druga grana portalne vene vodi
prema desnom medijalnom reznju i u njemu se
razgranjava u nekoliko grana; tre¢a grana
portalne vene ulazi u bradavicasti izdanak
repatog reznja i deli se u nekoliko malih grana;
Cetvrta grana portalne vene je zajednicko stablo
za kvadratni i levi medijalni rezanj. Ovo stablo
se pruza izmedu kvadratnog i levog medijalnog
reznja i tada se deli u dve grane za pomenute
reznjeve i peta grana portalne vene predstavlja 4
vene koje se nalaze izmedu levog lateralnog i
levog medijalnog reznja. Ove Cetiri vene dovode
vensku krv u ceo levi lateralni rezanj, najveci
rezanj jetre tekunice.

Jetrene vene (vv. hepaticae) predstavljaju
eferentni drenazni sistem koji pocinje sa
centralnim venama u jetri i prazne se u kaudalnu
Suplju venu (v. cava caudalis) u toku njenog
prolaska kroz jetru. Nakon formiranja manjih
vena, nastaju 3 velike vene i dva venska stabla
koja odvode krv iz reznjeva jetre u kaudalnu
Suplju venu. Jetrene vene dobijaju nazive prema
reznjevima iz kojih odvode krv u kaudalnu
Suplju venu.
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Slika 1. Korozivni preparat jetrenih vena (Vv. hepaticae) u tekunice
Vce- Vena cava caudalis, 1,1,1- Vv. hepaticae lobi sinistri lateralis, 2- Truncus communis za V. hepatis lobi
sinistri medialis (2') 1 V. hepatis lobi quadrati (2"), 3- Truncus communis za V. hepatis lobi dextri medialis
(3")1 V. hepatis lobi dextri lateralis (3"), 4- V. hepatis processus caudati, 5,6- Vv. hepaticae processus
papillaris

Vv. hepaticae lobi sinistri lateralis (slika 1-
1,1,1) su tri vene koje iz najveceg reznja jetre
odvode krv u kaudalnu Suplju venu.

Zajednicko stablo (slika 1- 2), nastalo od
venskih grana iz levog medijalnog reznja (slika
1- 2" i kvadratnog reznja jetre (slika 1- 2"),
odvodi krv u kaudalnu Suplju venu.

Zajednicko stablo (slika 1- 3), nastalo od
venskih grana iz desnog medijalnog reznja (3') i

desnog lateralnog reznja jetre (3"), odvodi krv u
kaudalnu Suplju venu.
Vv. hepaticae processi caudati (slika 1- 4)
odvodi krv iz repatog izdanka repatog reznja u
kaudalnu Suplju venu.
Vv. hepaticae processi papillaris (slika 1- 5,6) su
dve vene koje odvode krv iz oba dela
bradavicastog izdanka repatog reznja jetre u
kaudalnu Suplju venu.
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Slika 2. A. hepatica propria i njene grane u tekunice
1-  A. hepatica propria, a- Ramus dexter, al- Ramus lobi dextri lateralis et processi caudati, a2- A.
cystica, a3- Ramus lobi quadrati, a4- Ramus processus papillaris, b- Ramus sinister, b1, bl, bl-
Rami lobi sinistri, b2- Ramus lobi sinistri medialis, V- Vesica fellea

Arterijsku krv u jetru tekunice dovodi a.
hepatica propria (slika 2- 1), koja je grana
jetrene arterije (a. hepatica). Jo§ u portalnom
zlebu od A. hepatica propria odvajaju se dve
grane, prvo desna (ramus dexter), a zatim leva
grana (ramus sinister). Desna grana (slika 2- a)
a. hepaticae propria-e daje Cetiri grane za

odgovarajuce reznjeve jetre. Prva grana dovodi
arterijsku krv u repati izdanak repatog reznja
(slika 2- al); druga grana u zu¢nu kesu (slika 2-
a2); tre¢a grana u kvadratni rezanj (2- a3) i
Cetvrta grana u bradaviCasti izdanak repatog
reznja (slika 2- a4).

DISKUSIJA

Kod tekunice kao i kod drugih eksperimentalnih
zivotinja postoji velika anatomska varijabilnost
u broju reznjeva jetre i grananju krvnih sudova.
Jetra je kod vecine eksperimentalnih Zivotinja
dubokim usecima podeljena na levi, kvadratni,
desni i repati rezanj.

Levi i desni rezanj jetre tekunice su usecima
podeljeni na lateralni i medijalni rezanj. Repati
rezanj se sastoji od repatog i bradavicastog
izdanka, od kojih je bradavicasti izdanak
podeljen dubokim usekom na dva dela.
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Kod tekunice kao i kod kuni¢a (Hristov i sar.,
2006), zamorceta (Kresakova et al., 2019) i
nutrije (Pérez i sar., 2007) levi i desni rezanj
jetre su podeljeni u odgovarajuci lateralni i
medijalni rezanj, a repati rezanj u repati i
bradavicasti izdanak. Medutim, Stamatova-
Yovcheva i sar. (2012) su ustanovili da je kod
kunica levi rezanj jetre podeljen na medijalni i
lateralni rezanj Sto je u saglasnosti sa rezultatima
Hristov i sar. (2006), dok je desni rezanj
kompaktan. U poredenju sa rezultaima do kojih
su dosli Pérez i sar. (2007) da jetra nutrije
dodiruje oba bubrega, jetra tekunice i kunica su
u kontaktu samo sa desnim bubregom. Na
repatom izdanku repatog reznja tekunice kao i
kunica (Stamatova-Yovchevaisar., 2012) nalazi
se udubljenje za desni bubreg.

Jetra pacova je podeljena u 4 reznja: levi
lateralni rezanj, srednji rezanj koji grade levi
medijalni i desni medijalni rezanj, repati rezanj i
desni lateralni rezanj jetre (Komarek, 2000;
Martins i Neuhaus, 2007; Dong i sar., 2010).
Zuéna kesa kod tekunice, kunic¢a i nutrije lezi u
udubljenju na kvadratnom reznju, dok na jetri
pacova nema zucne kese.

Portalna vena kod tekunice nastaje od .
gastropancreaticoduodenalis, v. gastrolienalis 1
v. mesenterica cranialis. Kod pacova, za razliku
od tekunice, v. Gastropancreatico-duodenalis
odvodi krv u kranijalnu mezenterijalnu venu (v.
mesenterica cranialis) tako da portalna vena
pacova nastaje od v. gastroduodenalis, v.
gastrolienalis 1 v. mesenterica cranialis
(Innocenti i sar., 1978; Martins i Neuhaus,
2007). Suprotno od prethodno navedenih autora,
Dong i sar. (2010) su primenom injekcione
metode ustanovili da portalna vena pacova
nastaje od dve velike grane: v. mesenterica
cranialis 1 v. lienalis 1 jedne male grane, v.
pylorica.

Grananje portalne vene u jetri uslovljeno je
njenom lobarnom gradom. U portalnom Zlebu

od portalne vene kod tekunice se odvaja 5
venskih grana koje vode krv u odgovarajuce
reznjeve jetre. Kod pacova Kogure i sar. (1999)
su opisali da portalna vena daje tri glavne grane
koje se granaju u odgovarajuce reznjeve jetre.
Medutim, Martins i Neuhaus (2007) su pokazali
da portalna vena kod pacova daje grane prvo za
desni rezanj, zatim kratku granu za repati rezanj,
zatim granu za srednji rezanj i poslednju granu
za levi lateralni rezanj jetre.

Kod pacova i zamorceta glavna struktura
jetrinog venskog sistema identina je sa
lobarnom segmentacijom njihove jetre. Kod
pacova (Kogure i sar., 1999; Miyaki i sar., 2006)
i zamorceta (Kresakova i sar., 2019) desni rezanj
jetre dreniraju 3, a kod kuni¢a 2 jetrine vene
(Kresakova i sar., 2019). Srednji rezanj jetre
pacova ima dve ili tri velike jetrene vene: desnu,
srednju i levu medijalnu jetrenu venu (Kogure i
sar., 1999). Leva medijalna vena moze da se
uliva u kaudalnu Suplju venu odvojeno ili
zajedno sa levom jetrenom venom koja drenira
levi lateralni rezanj jetre (Lorente i sar., 1995).
Levi i repati superiorni rezanj dreniraju dve
velike jetrene vene, leva i desna, koje se ulivaju
u kaudalnu Suplju venu odvojeno ili spojene u
zajednicko stablo (Martins i Neuhaus, 2007).
Seo i sar. (2001) navode da vensku krv iz jetre
kod svih ispitivanih kuni¢a (100%) odvode Cetiri
vene koje se, svaka posebno ulivaju u kaudalnu
Suplju venu. To su: v. hepatica dextra, v.
hepatica media, v. hepatica sinistraiv. hepatica
lobi caudati. Kresakova i sar. (2019) su
ustanovili da se desni hepaticki venski sistem
pacova i zamorceta sastoji od 3 hepaticne vene
koje odvode vensku krv iz desnog lateralnog,
desnog medijalnog i repatog izdanka repatog
reznja u kaudalnu Suplju venu.

Arterijsku krv u jetru tekunice kao i kod pacova
(Brand i sar., 1995; Martins i Neuhaus, 2007),
kunica (Seo i sar., 2001) i nutrije (Pérez i Lima,
2007) dovodi a. hepatica propria. Ova arterija
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nastaje iz jetrene arterije (a. hepatica propria)
kod tekunice i nutrije (Pérez i Lima, 2007), a iz
zajednicke jetrene arterije (a. hepatica
communis) kod pacova i kunica. A.hepatica
propria kod tekunice daje desnu i levu granu
koje se granaju intrahepati¢no u odgovarajuce

reznjeve jetre, dok a. hepatica propria kod
kuni¢a (Seo i sar., 2001) prvo daje granu za
vaskularizaciju repatog reznja, a zatim se deli na
desnu i levu granu koje snabdevaju arterijskom
krvlju ostale reznjeve jetre.

ZAKLJUCAK

Na osnovu ispitivanja distribucije krvnih sudova
jetre tekunice moze se zakljuciti da kiseonik i
hranljive materije u jetru tekunice dovodi a.
hepatica propria, sa desnom ilevom arterijskom
granom. Portalna vena nastaje iz sliva tri velike
vene: Vv. Gastropancreatico-duodenalis, v.
gastrolienalis 1 v. mesenterica cranialis.
Portalna vena sa svoja dva venska stabla i dve

vene dovodi vensku krv u sve reznjeve jetre. Krv
iz jetre tekunice odvode tri velike jetrene vene i
dva venska stabla u kaudalnu Suplju venu.
Razlike u grananju krvnih sudova jetre u
tekunice s jedne strane, pacova, kunica,
zamorceta i nutrije s druge strane, postoje u
distribuciji lobarne grade njihove jetre.
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Abstract: The aim of this paper was to study distribution of the hepatic artery and portal vein of the
portal system of the liver in ground squirrels (Spermophilus citellus) and compare these data with
those concerning the rats, rabbits, guinea pigs and nutrias. The liver of the ground squirrel receives
the oxygen and nutrients through blood from two large blood vessels: portal vein and hepatic artery
(a. hepatica propria). The portal vein is formed by the confluence of three main venous blood
vessels: v. gastropancreaticoduodenalis, v. gastrolienalis and v. mesenterica cranialis. It collects
venous blood from the stomach, pancreas, spleen and all of intestines except the rectum. The portal
vein enters the porta hepatis on the liver together with the hepatic artery. Five venous branches of
different size separate from the portal vein and ramify into the respective liver lobes.

Blood leaves the liver through the hepatic veins that start with the central veins. Three large hepatic
veins and two venous trunks drain lobes of the liver and enter the caudal vena cava as it passes
through the liver.

A. hepatica propria supplies the liver and gallbladder with oxygenated blood. It raises from the
hepatic artery (a. hepatica) wich is the third branch of the celiac artery. A. hepatica propria in the
portal fissure is divided into two branches, of which the left branch brings arterial blood to the left
hepatic lobe, and the right branch brings it into other liver lobes.

Key words: Spermophilus citellus, liver, portal vein, hepatic artery

INTRODUCTION

Ground squirrel, also known as European tunnels which they excavate themselves.

ground squirrel (Spermophilus citellus), is a
small rodent from the squirrel family (Ramos-
Lara et al., 2014). Its body length is up to 20 cm
and the body weight is between 200 and 300 g
(Spitzenberger and Bauer, 2001). They live in
colonies beneath the ground in the branched

(Turrini et al., 2008; Helgen et al.,, 2009).
Ground squirrels tend to come out of their
burrows to look for seeds and plant fruits as well
as to play on grassy fields (Koshev and
Pandourski, 2008). Ground squirrel is a real
hibernator and its hibernation lasts from October

** Work is presented on the 23rd Annual Counselling of Doctors of Veterinary Medicine of Republic of
Srpska (B&H) with International participation, Tesli¢ 2018.
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to March (Millesi et al., 1998; Matéj, 2008).
Most of the population in Serbia is located in
Vojvodina, on the unploughed steppic pastures.
Due to the intensive development of agriculture,
their habitats have decreased, and many have
disappeared, and the ground squirrel has become
a protected species. We have received the
approval of the Ethic Committee of the Faculty
of Veterinary Medicine in Belgrade (No 01-218,
21/04/2008) and The Ministry of Environmental
Protection of the Republic of Serbia (Br / NO
353-01-752 / 2008-03) for the procurement of
ground squirrels.

Ground squirrel is used as an experimental
animal for biology, physiology, immunology,
microbiology and other scientific disciplines. As
they are members of the rodent group, they are
interesting for anatomical research of organs and
systems of organs that would be compared with
the same organs in other experimental animals.
Numerous authors examined the morphology of
the liver of experimental animals such as rat
(Hebel and Stromberg 1976; Lorente et al.,

1995; Kogure et al., 1999; Komarek, 2000;
Martins and Neuhaus, 2007), rabbit (Seo et al.,
2001; Khristov et al., 2006; Stamatova-
Yovcheva et al., 2012) and nutria (Pérez and
Lima, 2007).

The liver of experimental animals has two
afferent blood supplies, The hepatic artery (a.
hepatica propria) and portal vein (v. portae) and
one efferent system, hepatic vein (Vv.
Hepaticae). In the literature there are papers
referring to the liver blood vessels of the rats
(Jankovi¢ and Stanojevi¢, 1962; Innocenti et al.,
1978; Brand et al., 1995; Mehran et al., 2000;
Miyaki et al., 2006; Kresakova et al., 2019),
rabbit (Seo et al., 2001; Kresakova et al., 2019),
guinea pig (Kresakova et al, 2019) as well as
man (Dukanovic et al., 2007).

There is little data in the literature on the liver of
ground squirrels and this paper represents an
extension of the study of organ vascularization
in this rodent.

MATERIAL AND METHODS

The tests were carried out on 10 ground
squirrels, both sexes, weighing 250-300 g and of
different ages. They are caught in the field of
southern Banat (Deliblatska peScara). The
animals were clinically healthy. With
compulsory anesthesia using ketamine 10 ml /
kg b.m., i.m. and premedication with xylazine
1.1 ml/ kg b.m., i.m. (Rompun, Bauer, Canada)

the animals were sacrificed. The examination of
liver morphology was performed on liver
fractions conserved in 4% formalin. Latex was
injected into the portal vein in order to obtain
corrosion casts of the hepatic vein. In order to
get arterial blood vessels of the liver, the initial
part of the abdominal aorta was injected with
gelatin.

RESULTS

In order to understand the liver blood flow in
ground squirrels, one needs to know hepatic
lobar architecture. In ground squirrels as with
other experimental animals, there is a great
anatomical variability in the number of liver
lobes, branching of blood vessels and bile ducts.

However, in the largest percentage of ground
squirrels, liver consists of 4 lobes: the left lobe
of the liver (lobus hepatis sinister), the quadrate
lobe (lobus quadratus), the right lobe of the liver
(lobus hepatis dexter) and the caudate lobe
(lobus caudatus).The left lobe of the liver is
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divided by deep fissure into the large, left lateral
(lobus hepatis sinister lateralis, Figure 2A) and
five times smaller left medial lobe (lobus hepatis
sinister medialis, Figure 2B). The quadrate lobe
(Fig. 2C) lies ventrally from the porta hepatis
and it is separated from the left medial lobe by a
deep fissure and from the right medial lobe by a
smaller fissure. Gallbladder lies along the right
edge of the quadrate lobe of the liver. (Figure 2-
V1). The lobe caudatus lobe is located above the
portal groove and is subdivided into the caudate
(processus caudatus, Figure 2-F) and the papillar
process (processus papillaris, Figure 2-B) with
the latter one being divided into 2 parts.

There are two functionally separate circulation
systems in the liver — nutritive and functional.
Functional circulation is provided by the portal
vein which brings substances to be processed in
the liver, while nutritive circulation is provided
by a hepatic artery, which delivers oxygen and
nutrition.

The liver has two afferent blood vessels, portal
vein (v. Portae) and hepatic artery (a hepatica
propria) and an efferent vessel, hepatic vein (v.
Hepaticae). The portal vein in ground squirrels
is formed by the confluence of three venous
blood vessels (V. gastropancreaticoduodenalis,
V. gastrolienalis and V. mesenterica cranialis)
which lead venous blood from the stomach,
pancreas, spleen, small intenstine and colon,
except from the real intestine (rectum). Portal
vein runs towards the portal fissure in the area of
the right lateral lobe together with the hepatic
artery. The branching pattern of the portal vein
depends on lobular architecture of the liver.

Portal vein in the portal fissure divides into 5
vein branches which enter the lobes of the liver
and branch intrahepatically into sinusoids.

The first branch is a common venous trunk for
the right lateral lobe and the caudate process of
the caudate lobe. After 5-6 mm from the
beginning, it ramifies into two branches: one
ramifies in the right lateral lobe, and the other in
the caudate process of the caudate lobe; the other
branch of the portal vein leads to the right middle
lobe ramifying in it into several branches; the
third branch of the portal vein enters the
papillary process of the caudate lobe and divides
into several small branches; the fourth branch of
the portal vein is a common venous trunk for the
quadrate lobe and left middle lobe. This trunk
lies between the quadrate and the left middle
lobe and then divides into two branches for the
mentioned lobes, and the fifth branch of the
portal vein represents 4 veins that are located
between the left lateral and the left middle lobe.
These four veins bring venous blood into the
entire left lateral lobe, which is the largest lobe
of the liver in ground squirrels.

The hepatic veins (v. Hepaticae) represent an
efferent drainage system that begins with central
veins in the liver and empties into the vena cava
caudalis (v. Cava caudalis) during its passage
through the liver. After the formation of the
smaller veins, three large veins and two venous
trees are formed that drain the blood from the
lobe of the liver into the vena cava caudalis.
Hepatic veins are named after the lobes from
which they drain blood into the vena cava
caudalis.
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Figure 1. Corrosion cast of the hepatic vein (V. hepaticae) in ground squirrels
Vce- Vena cava caudalis, 1,1,1- Vv. hepaticae lobi sinistri lateralis, 2- Truncus communis for V. hepatis lobi
sinistri medialis (2') and V. hepatis lobi quadrati (2"), 3- Truncus communis for V. hepatis lobi dextri medialis
(3") and V. hepatis lobi dextri lateralis (3"), 4- V. hepatis processus caudati, 5,6- Vv. hepaticae processus
papillaris

Vv. hepaticae lobi sinistri lateralis (Figure 1-
1,1,1) are the three veins that carry blood from
the largest lobe of the liver to the vena cava
caudalis.

The common trunk (Figure 1- 2), formed from
venous branches from the left middle lobe
(Figure 1- 2) and the quadrate lobe of the liver
(Figure 1- 2), drains blood into the vena cava
caudalis.

The common trunk (Figure 1-3), formed from
the venous branches from the right middle lobe

(3 ") and the right lateral lobe of the liver (3 "),
drains blood into the vena cava caudalis.

Vv. hepaticae processus caudate (Figure 1- 4)
drains blood from the the caudate process into
the vena cava caudalis.

Vv. hepaticae processus papillaris (Figure 1-
5,6) are two veins that drain the blood from both
parts of the papillary process into the vena cava
caudalis.
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Figure 2. A. Hepatica propria and its branches in ground squirrels
1- A. hepatica propria, a- Ramus dexter, al- Ramus lobi dextri lateralis et processi caudati, a2- A. cystica, a3-
Ramus lobi quadrati, a4- Ramus processus papillaris, b- Ramus sinister, bl, b1, bl- Rami lobi sinistri, b2-
Ramus lobi sinistri medialis, Vf- Vesica fellea

A. hepatica propria (Figure 2- 1), branch of
hepatic artery (a. Hepatica), brings arterial blood
in the liver of the ground squirrels. A. hepatica
propria bifurcates in a right branch (ramus
dexter) and a left branch (ramus sinister). Right
branch (Figure 2- a) of a. hepaticae propria gives
four branches for the corresponding lobes of the

liver. The first branch brings arterial blood into
the caudate process (Figure 2- al); the second
branch brings it to the gallbladder (Figure 2- a2);
the third branch to the square lobe (2-a3) and the
fourth branch brings blood to the papillary
process of the caudate lobe (Figure 2- a4).

DISCUSSION

In ground squirrels as with other experimental
animals, there is a great anatomical variability in
the number of liver lobes and branching of blood
vessels. In most experimental animals deep
fissures divide liver into a left, right, quadrate
and caudate lobe. The left and right lobes of the
liver in ground squirrels are divided into the
lateral and medial lobes. The caudate lobe

consists of the caudate and papillary processes
with the latter one being divided into two parts.

In ground squirrels, as in rabbits (Hristov et al.,
2006), guinea pigs (Kresakova et al., 2019) and
nutrias (Pérez et al., 2007) the left and right lobes
are divided into the lateral and medial segments,
and caudate lobe into the caudate and papillary
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processes. However, Stamatov-Yovchev et al.
(2012) found that in rabbits the left lobe of the
liver is divided into the medial and lateral lobe,
which is in agreement with the results from
Christ et al. (2006), while the right lobe is
compact.

Compared to the results obtained by Pérez et al.
(2007) who claim that the liver in nutrias touches
both kidneys, the liver of ground squirrels and
rabbits touches only the right kidney. In ground
squirrels and rabbits there is a concavity on the
caudate process of the caudate lobe in which the
right kidney fits.

In rats the liver is divided into: left lateral lobe,
median lobe divided into the right and left parts,
caudate lobe and left lateral lobe (Komarek,
2000, Martins and Neuhaus, 2007, Dong et al.,
2010). In ground squirrels, nutrias and rabbits
the gallbladder its inside the quadrate lobe while
in rats there is no gallbladder.

V. gastropancreaticoduodenalis, v. gastrolienalis
and v. mesenterica cranialis form the portal vein
in ground squirrels. However, in rats w.
gastropancreaticoduodenalis drains blood into
the cranial mesenterial vein (v. mesenterica
cranialis) so that the portal vein of the rat
originates from v. gastroduodenalis, V.
gastrolienalis and v. mesenterica cranialis
(Innocenti et al., 1978; Martins and Neuhaus,
2007). Contrary to the above-mentioned authors,
Dong et al. (2010), by using an injection method,
found that the portal vein of the rat is formed by
two large branches: v. mesenterica cranialis and
v. lienalis and one small branch, v. pylorica.
Portal vein branching in the liver is conditioned
by its lobular structure.

In ground squirrels 5 venous branches that carry
blood into the corresponding liver lobes,
separates in the portal fissure from the portal
vein. Kogure et al. (1999) described that the
portal vein in rats gives off three main branches
that ramifies into the corresponding liver lobes.

However, Martins and Neuhaus (2007) have
shown that the portal vein in rats first gives off
branches for the right lobe, then a short branch
for the caudate lobe, then a branch for the middle
lobe and the last branch for the left lateral lobe.
In rats and guinea pigs, the main structure of the
liver venous system is identical with the lobar
segmentation of their liver. In rats (Kogure et al.,
1999; Miyaki et al., 2006) and guinea pigs
(Kresakova et al., 2019), the right lobe of the
liver is drained by 3, and in the rabbits by 2
hepatic veins (Kresakova et al., 2019). The
middle lobe of the liver in rats has two or three
large hepatic veins: the right hepatic vein,
middle hepatic vein and left hepatic vein
(Kogure et al., 1999). Left median vein can enter
the vena cava caudalis separately or together
with the left hepatic vein that drains the left
lateral lobe of the liver (Lorente et al., 1995).
The left lobe and caudate superior lobe are
drained by two large hepatic veins, left and right
one, which enter the vena cava caudalis
separately or joined into a venous trunk (Martins
and Neuhaus, 2007). Seo et al. (2001) state that
in all examined rabbits (100%) vein blood from
the liver is drained by four veins, which
separately enter the vena cava caudalis. These
are: v. hepatica dextra, v. hepatica media, v.
hepatica sinistra and v. hepatica lobi caudati.
Kresakova et al. (2019) found that the right
hepatic venous system of rats and guinea pigs
consists of 3 hepatic veins that drain venous
blood from the right lateral lobe, right median
lobe and caudate process of the caudate lobe into
the vena cava caudalis. A. hepatica propria
transfer blood to the liver of ground squirrels and
rats (Brand et al., 1995; Martins and Neuhaus,
2007) rabbits (Seo et al., 2001) and nutrias
(Pérez and Lima, 2007). This artery originates
from the hepatic artery (a. Hepatica propria) in
ground squirrels and nutrias (Pérez and Lima,
2007), and from the common hepatic artery (a.
Hepatica communis) in rats and rabbits. In
ground squirrels a.hepatica propria first gives off
left and right branches that branch
intrahepatically into the corresponding liver,
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while a.hepatica propria in rabbits (Seo et al.,
2001) first gives off a branch for the
vascularization of the caudate lobe and then

ramifies into left and right branches which
provide blood supply for other lobes.

CONCLUSION

Based on a study of the liver blood vessels
distribution in ground squirrels, it can be
concluded that a. hepatica propria with the right
and left arterial branch supply oxygen and
nutrients to the liver. The hepatic portal vein is
formed by the confluence of three main vessels:
v. gastropancreaticoduodenalis, v. gastrolienalis

venous blood to all liver lobes. In ground
squirrels the blood from the liver is drained by
three large hepatic veins and two venous trees
into the vena cava caudalis. Differences in blood
vessel branching the liver of ground squirrel on
the one side and rats, rabbits, guinea pigs and
nutrias on the other side, exist in the distribution

and v. mesenterica cranialis. Portal vein together of lobular structure of their livers.

with its two venous trees and two veins brings
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