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Abstract

Efforts to refine rations for captive rearing aepdndent on a clear understanding of gut anatomhyuaction. Gross
anatomic and histological descriptions of the ghthe Siberian sturgeoicipenser baeriare provided in this
manuscript to serve as a baseline characterizegiatomparison during basic research and healthegarof Siberian
sturgeon populations. Histological evaluations weagied out on 200 individuals (body weight rarggfrom 50 to

8000 g), using gross anatomy and light microscdpe most characteristic finding is about pancredsch has
three distinct lobes. The pancreatic duct ends ipapilla between the small intestine and the pglaaecum.
Eosinophilic zymogen granules characterize exoaalks, and the endocrine cells are grouped togaths&ructures
that are similar to mammalian Islets of Langerhaite not homogeneous distribution. Morphometricehlaation

shows that the mean area of the islets is 8.33[h@M The Siberian sturgeon pancreas is a morpholdgidastinct

organ functionally and histologically similar tcathof mammals.
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Introduction

Sturgeons (Acipenseriformes) have inhabited thagtldor more than 200 million years. Thirty-one aait
species remain in predominantly temperate areasndrthe globe but many species are endangeredf or o
special concern (WSCS 2007). Harvested both foir tthesh and for their roe, commercial harvests ehav
declined and efforts to sustain their availabilty a food fish have focused on their propagationbfith
research, possible population augmentation andoad products. Sturgeons are also common residénts o
display aquaria where their unique physical appeasalengthy natural history, and imperilled stailas/ a role
in the efforts of conservationists to promote eowmental stewardship.

Conservation efforts to mitigate the imperilledtssaof wild sturgeon species and the captive prapaig
of sturgeon for the seafood market necessitateuadsainderstanding of sturgeon anatomy and physjolog
Effective study of the pathophysiology of diseasleat could contribute to the decline of wild stuwge
populations or captive stock are also dependerdusrability to differentiate between “normal” groseatomy
and histology and organ pathology. Efforts to refiations for captive rearing are similarly deperiden a
clear understanding of sturgeon pancreatic anatdyfunction.

Optimizing captive cultivation of sturgeon requigeshorough understanding of their biology, andlihsic
attributes of sturgeon digestion and nutritionfish, as well as in mammals, the pancreas hasdigéstive and
endocrine functions. Acini containing pancreatio@ine cells secrete pancreatic enzymes that aidigestion,
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and islets of Langerhans have endocrine functiBasly studies on the pancreatic structure of fishatibed a
diffuse organ (Massari 1898) while more recent istticbn white sturgeon gut anatomy (Buddington and
Doroshov 1986) stated that “acinar cells are grdujmo rosettes”. Pancreatic clusters in fish areuged
around the duodenum and pyloric caeca, and in nspegies are interwoven with hepatic tissue to farm
hepatopancreas (Guillame et al. 1999). In contrth&t, pancreas oChondrichthyesis an autonomous and
compact organ, similar to that of higher vertelsgt@abkin 1929). IOsteichthyesonly a few species such as
eels, catfish, lungfish, and coelacanths have apacimpancreas, while most species possess a dijfasd
located along the hepatic portal vein (Harder 197&)mparatively little is known about the pancreds
sturgeon. Nicolas (1904) first described the emhiyalevelopment of the sterlécipenser ruthenusnd
demonstrated that the pancreas originates frone threcesses, two ventrally and one dorsal, diggtin the
visceral cavity. Gawlicka et al. (1996) describe finesence of pancreatic tissue in the adult vetiteyeon.
Studies of the sturgeon pancreas have generallséacon hormone and digestive enzyme charactensaith
biochemical and proteomic techniques (Rusakbwal. 1998; Kim et al. 2000). The presence of peatc
exocrine acini with zymogen granules was reported study conducted on the digestive system deraap

of the green sturgeon larvadgcipenser medirostriGisbert and Doroshov 2003). Although these stidie
represent a viable initial effort to understand lblasic gastrointestinal physiology of sturgeon slige baseline
anatomic information is needed for fully understahd health benefits of various diets offered targgton
grown in aquaculture production ponds and displgyasia. These descriptive studies were conducted to
enhance our understanding of basic sturgeon anatofhys manuscript describes anatomically and
histologically the gut and the pancreas of SibestamgeonAcipenser baeriand provides a practical guide for
the dissection of their abdominal organs. This alisgross morphologic and histology representatibithe
sturgeon gut organs can provides a comparison ibasklr researchers conducting nutrition trials dad
veterinarians working to ensure the health of e&pdisplay fish.

Materials and methods

Siberian sturgeonsA€ipenser baeriBrandt JF 1869) raised in a private fish farmiéhda Pisani Dossi,
Cisliano - Milano, Italy) with a body weight ranginfrom 50g to 8000g were used in this study. The
observations started in 2003 and were carried authfee years on 200 sturgeons. During the mmgnasome
sturgeon species stop eating (Dadswell 1979; Maswh Clugston 1993). Marked physiologic changes have
been documented during period of food deprivati@illié and Ballantyne 1996; Hung et al. 1997).
Accordingly, a group of 25 sturgeons was fastedtfar weeks, in order to evaluate how ceased fotakén
may affect pancreatic morphology.

Fish were killed by anaesthetic overdose (benzecdil0 mg/L) than the gastro-intestinal tract was
carefully dissected to preserve the integrity af tirgans. Incisions were made in the visceral gavdll to
allow quick formalin penetration through the inteat organs. Tissue samples of the liver and iimtesivere
fixed in buffered isotonic 4% formalin (pH 7.2) ded at 4 °C; liver, pyloric caeca and intestine ks were
taken from 50 to 300 g of fish body weight for blsgical examination. The samples were embedded in
paraffin, sliced and stained with haematoxylin-epsMallory AZAN and Crossmon tri-chromic stains,
following the common histological procedures anthteques.

Sample slices were examined through stereo and figdroscopy, and then digital images were taken to
document morphology (Leica DFC 320 digital camefalobe Photoshop ver. 7.0 imaging software).
Morphometrical evaluations were carried out on thgital pictures with Image-Pro Plus ver. 5.0 (Medi
Cybernetics Inc., Bethesda, USA).

Results

The natural aspect of the fresh sturgeon and \asoegans, after removal of the abdominal wall strewed in
Fig. 1. It is easier to distinguish the differemgans in fresh specimens, but their topographiargement is
easily modified during sampling procedures (Fig.I8)the visceral cavity, the Siberian sturgeonopbsigus is
cranially located on the sagittal plane, just vainto both the vertebral column and the head ofkideeys.
Proceeding in a caudal direction, the oesophagssiti the right side and at mid-height reachessthien
bladder which is joined, whereby the pneumatic duattion and after that starts the stomach. Intra¢én
position to the oesophagus, moving from craniataadal direction, are located the heart and lisofved by
the stomach. The swim bladder is located dorsalth¢ oesophagus.

At the end of the swim bladder, near the origirthaf spiral valve, the stomach forms a caudal cuive,
which we coined the term “large gastric curve”, amcteases in diameter. Then, it passes to thesikdét of the
visceral cavity and proceeds in a cranial directionches the liver, and forms a second curvewleaindicate
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as “small gastric curve”. Here, the stomach crosisesagittal plane on the ventral wall of the &rsd cavity,
folds in a caudal direction, approaches the sagittme from the left and forms the pyloric spherc(Figs. 3,
4). Schematically, the oesophagus and the stomagéther form a horizontal spiral structure, latgral
compressed.

The Siberian sturgeon small intestine begins nexthe pylori and its right wall immediately is wigie
anastomosed to the pyloric caecum, which is locatethe left visceral side between the small gasuirve and
the small intestine. In caudal direction, the snrakstine forms a short tract with two elbow cuyvir which
we coined the name of “S curve” (Fig. 4), this gtieal structure is in tight relation to the splealh of them are
visually evident on the left side. The last trattte gut contains the spiral valve followed by teetum in the
visceral caudal region. Lateral observation onldfieside (Fig. 3A) shows, ventrally to back muscutolumns,
the gonad, the kidney, and the pyloric caecum, lvigdocated under the stomach. The pancreatigetishave
an ivory colour, the surface is rough and shiny &y are pulpy and friable in consistency. Thecpaas with
its pancreatic veins, which collects the blood friiva spiral valve and from the small intestine, banclearly
observed on the right side, the gall bladder caoldserved on the bottom curvature of the liver §Fy 3B).

A conspicuous part of the pancreas is found betvtlkersmall gastric curve, the pyloric caecum are th
small intestine (Figs. 5B; 6B,D), we consider iafgreatic body”. Moreover, most of the pancreagtached to
the dorsal face of the pyloric caecum and has aégerall ramifications that extend along the stdm@ég. 7)
and the liver serosa (Fig. 8A,C). The pancreakistiy presents as three large lobes.

The biggest pancreatic lobe starts from the pyloaecum, run along the right side of the visceaality
endings on the upper side of the spiral valve betwée first and second coil. We call this the ‘@raas long
lobe” that divides into several small branches, &k rapports with: the spleen body (Fig. 9),dh&al valve
on the right side and the dorsal ligament of spiale. The pancreas and the spleen (Fig. 9A, B tthe
spiral valve, appear as a single organ withoutcl@gr separation of their connective tissue (F@). 5

The second pancreatic lobe, “left lobe”, is onl#feand follows the small intestine inside thealigent that
joins it to the spleen (Fig. 5C). This lobe term@saclose to the S curve of the small intestinecugde (Fig.
9A). The third pancreatic lobe, “right lobe” is diea and runs along the right wall of the smalleistine (Fig.
5C).

Fig. 1. Fresh specimens view. Upper photograph stimwvlateral view of the whole sturgeon; lower migpaph show
ventral view after ablation of the abdominal anduthoventral wall. It is possible to see the viviaur of the spleen and
pale colour of the intestine (fasted sturgeon).
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Fig. 2. Photograph A: intestinal package isolateminf the fish (fresh tissue): visible pancreaticuss (black and white
arrowheads), liver (li), gall bladder (gb), swinatler (sb), pyloric caecum (pc), small intestirig énd spiral valve (sv).
Photograph B: the gut package unfolded and the temioved. Stomach (st), small intestine (si), $piadve (sv), and swim
bladder (sb), the pancreatic tissue (black andendnitowheads) is visible, the gall bladder (gbpastially enveloped by a
column of liver around the bile duct.
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Fig. 3. Sturgeon (formalin fixed) after removaltbe head, tail and abdominal wall. The organs ke in place by the
fixation process before abdominal wall ablationeTsone plaques with their typical saw blade prddite visible on the
sturgeon’s back. Photograph A: left side of thh.fiEhe sketch below the photograph shows: dorsakthes (m), left gonad
(9), the left kidney (the two black rods), heantefgarrowhead), liver (li), stomach (st), swim ldad (black asterisk *),
pyloric caecum (pc) below the stomach, small immestand the S curve (si), body of the spleen ifsfpjack, and the spiral
valve (sv) followed by the rectum on the right. Rigmaph B: right side of the internal organs. Thetek below shows,
from right to the left, heart (grey arrowhead),eli\(li), gall bladder (gb), oesophagus (grey *)imvwbladder (black *),

pyloric caecum (pc), small intestine (si) with S right gonad (g), spiral valve (sv), the longuich of the pancreas
(black arrowheads), and the vein inside (visibla asall dark line).
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Fig. 4. Photograph A: left oblique view (45 ° argl&he sketch shows the dorsal muscles (m), kidigyheart (grey
arrowhead), liver (li), gall bladder (gb), stomgsk) and pyloric caecum (pc) followed by the sniatéstine (si) and spleen
(sp), the caudal dome of the swim bladder (blackitl the spiral valve (sv) on the right. Photodrd ventral view of the
internal organ package (ventral face). The lefé sifithe photograph is the cranial side the fisfi,dide of the fish at the top
of the photograph. In the sketch below, it is poissio see: heart (grey arrowhead), liver (li),l ddadder (gb) and the
stomach (st) with the pyloric caecum (pc), the $inékstine with its S curve (si) and the spiralvea(sv). The long branch
of the pancreas is highlighted with black arrowtsead
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Fig. 5. Transversal histological sections, staigth haematoxylin-eosin. Photographs A to D arecmanio-caudal
sequence. The left side of the fish is on the riji¢ for each photograph. Photograph A: the segtist caudal to the heart,
oesophagus (e) in the sagittal position, headdridys (black rods), and liver (li). Photograph Bt passing through the
pyloric caecum, and the pancreatic tissue (blackwdreads). The point where the oesophagus becdmestamach (e),
swim bladder (sb). The stomach (st) after the clacugtae, pyloric caecum (pc), small intestine (3ifie pancreas comes into
contact with the right lobe of the liver (li). Plograph C: the section passes through the large airttee stomach (st),
immediately before the S curve of the intestinegmghit then becomes larger in diameter. The smdistine (si) has
pancreatic tissue cords on both sides (black aread); it is possible to see the long branch ofstiieen (sp). The long
lobe of the pancreas (black arrowheads) is oniti# side of the stomach curve. Photograph D: eeatif the proximal
third of the spiral valve (sv). In this tract it p@ssible to see the pancreatic tissue (black dead), and lymphoid organ

(lo) in the spiral valve axis.
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Fig. 6. Sections stained with haematoxylin-eosimotBgraph A: oblique section of the small intestamal pyloric caecum
and the dorsal face with pancreatic tissue (blac&wdeads). A structure similar to the major duadepapilla with a
common bile duct and, probably, the pancreatic dedt}), is visible between the dorsal wall and tleesdl mucosa of the
small intestine. Photograph B: magnification of thet zone. Pancreatic tissue (p) on the pyloriceaewall (pcw) ducts
with some pancreatic acini (black arrowhead). Piatph C: details of the duct in photograph B. PhatplyrD: transversal
section through a caudal portion of the pyloricceae (pc) and small intestine (si). Pancreatic ssan easily be seen
(black arrowhead). It is also possible to distisguihe body of the pancreas and a small brancheopancreas attached to

the small intestine.
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Fig. 7. Haematoxylin-eosin staining, transversatiea. Photograph A: gastric pyloric sphincter (sthd pyloric caecum
(pc) with attached pancreatic tissues (black areagls). Photographs B and C: details of pancreasads attached to the
stomach wall (gw). At this level it is not possilidesee the islets of Langerhans. Photograph Rildeif the exocrine acinar

cells of pancreatic parenchyma in the gastric regi@sophilic staining of the nuclei and cytoplaswsinophilic zymogen
granules are apparent in the luminal apex.
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Fig. 8. Photographs A and B: stained with haemdiimgosin. Photographs C and D: stained with Crosstriechromic.
Photograph A: liver (li) section at the common lallect origin point (cd). It is possible to see aa#irhranch of the pancreas
(black arrowhead) and another duct on the rightt®iraph B: details of the common bile duct. PhatpbrC: details of the

pancreatic tissue (black arrowhead) and the dychédr the liver tissue (li). Photograph D: detafsthe duct wall in
photograph C.
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Fig. 9. Transverse sections, stained with Crossmearhtomic, passing through the S curve of the $imééstine and the

point of origin of the spiral valve. Photograph macro view of the organs, with the pancreas andgpiral valve (sv) and

pancreatic tissues inside the ligaments (blackwdreads). The tracts of the S curve (c), the snmédistine (si), and the
spleen (sp). Photograph B: details of the pancnesige the intestinal ligaments. It is possible ¢e ¢he vein inside the
pancreas (v). Photograph C: details of the poinorgdin of the spiral valve with lymphoid organ (lend spiral valve

mucosa (black arrowhead), pancreas tissue (p)hanthst tract of the small intestine (si). Photpdr®: junction between

the spleen body (sp) and the pancreas. Lymphofytask arrowheads) separate the two different éissinto the pancreas
parenchyma and spleen. It is possible to see the fzancreatic vein (pv).

Fig. 10. Transversal sections (stained with Mall&ZAN tri-chromic). Photograph A: intestinal paclagust behind the
opening of the pyloric caecum. The kidneys (k)\asible with the ligament that attaches the firattpf the stomach (e) to
the vertebral column, right lobe of the liver withle centre-pancreatic vein extending into the lig@r The pancreatic
tissues (black arrowheads) are darker than the lw@isible the crossing point of the common lilect and pancreatic duct
(black rod) through the intestinal wall. The stom&etween the large gastric curve (st) and pylcaiecum (pc) is visible.
Photograph B: details of the ducts in photograpibladk arrowheads). Photograph C: section beforeoginaph A with the
pyloric caecum (pc), liver (li), centre pancreatiein (v), and artery vessels with melano-macropbagentre (black
arrowhead). At this level, the ducts cross the fyloaecum wall. Photograph D: details of photogr&pwith the pyloric
caecum (pc) and liver (li). At this level, the dablack rods) start to cross the intestinal wall.
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Fig. 11. Transverse sections of the pyloric caestained with haematoxylin eosin. Photograph A: camrhile duct (cbd)
that crosses the pyloric caecum wall (w). Panarediict in the pancreas tissue (black arrowhead)tdghaph B: details of
the pancreatic duct. Photograph C: details of dmernon bile duct. Photograph D: details of the pgloaecum mucosa.

The central pancreatic veins collect the intestimalous blood, each pancreatic lobes have a lsieinside
the parenchyma. All pancreatic veins and the righé of the pancreas merge, in the cranial trachefsmall
intestine, into the long lobe of the pancreas &edveins vessel terminate in the liver (Fig. 10C).

The common bile duct and pancreatic ducts pass tnveintestinal wall in dorsal position (Fig. 10A),
merge in a structure that resembles the major caagepilla of mammals, and opens in to the pyloaecum.
Two ducts (Fig. 6) or only one (Fig. 11) charactesithe papilla.

Macroscopic observation of the sturgeon gut musbsavs changes in its structure along differentsraad we

use those as parameter for dividing and naming different tracts. Where the pharynges becomes the
oesophagus (Fig. 12A), it is possible to see thatlarge pyramidal papillae are reduced and beceme!
longitudinal folds. The gastric mucosa has higlglardinal folds next to the large gastric curveg(Fi2B). The
small intestine starts from the pyloric sphinctéthe stomach: the lumen of the pyloric caecum duedsmall
intestine mucosa present a villous and velvet-fikpect, respectively (Fig. 12C). The small intestimucosa
display a complex architecture from the end ofgieric caecum region till the S curve, has a ctigrdstic net
shape (Fig. 12D). The intestinal S curve mucosavhiasvith papillose aspect (Fig. 12E). The spixalve has a
villous aspect of the mucosa and it is possibldistinguish nodular structures inside its axis tt@trespond to
lymphoid organs (Fig. 12F). The dimensions of thes#es become smaller proceeding in the caudaltitire

Histological sections indicate that the oesophagealosa has a pseudo-stratified epithelium, ricfoinlet
cells and that the sub-mucosa has a connectiveetissucture with wide spread fatty cell clusteéier the
junction with the pneumatic duct, acinar glandsibbég appear and, at this point, the oesophagusrbes the
stomach (Fig. 13D). Histological sections allowdskerving the distribution of the nervous structureshe
oesophagus wall. In the oesophagus cranial parsamestrips of myelinated nerve fibres betweensir®sa
and the muscular layer; whereas in the caudal titre¢few millimetres) the nerves can be seen gtk
muscular layer and in the sub-mucosa, resembliagalgus nerve system of mammals.

The stomach muscular layer thickens increase pssiyaly from the beginning till the pyloric sphiect
where the maximum is reached (Fig. 7A). The gasgflands have acinar structure with small lumen eglts
with dense cytoplasm in the cranial part of thargtoh (Fig. 13C,D) and in the next tract have thacgl
structure of the oxynticopeptic glands of the stomérig. 13B). Histology shows that the mucosahdecture
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is particularly complicated in the small intesti(féig. 6D) and in the pyloric caecum (Fig. 7A) aridid
cavernous with elaborate networks of villi.

Fig. 12. Macroscopic views of different tracts afrgeon gut after partial formalin fixation: theaoial side of the intestine
is on the left side in all photographs. PhotogrApkone where the pharynx becomes the oesophafotodtaph B: gastric
mucosa with its longitudinal folds next to the largurve. Photograph C: pyloric sphincter of the stamon the left (grey
arrow) and the pyloric caecum opens onto the smgdktine on the right (black arrow). Photographsall intestine
mucosa and its characteristic net shape. Photodtapiiucosa of the intestinal S curve with a papillaspect. Photograph
F: mucosa of the spiral valve with a villous aspant it is possible to distinguish node structurests axis, which
correspond to the lymphoid organs (black rod ingis@ne knot).
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Histologically, the pancreas is composed of exacparenchyma organized in acini. The acinar cdlls o
parenchyma have basophilic cytoplasm and the zymgganules are eosinophilic sited in the luminahapf
the cells (Fig. 7D). Endocrine cells are groupedtmctures similar to Islets of Langerhans inltmey lobe of
the pancreas (Figs. 14A,B; 15). These islets atevisthble in neither main portion of pancreas ottlie small
branches attached to the intestinal wall (Fig. 14B)Siberian sturgeon islets of Langerhans ard stnuctures
with histological organization similar to those wlammals. A morphometric evaluation of the histatagi
sections of the islets showed that their mean &r&32 mm0°, with a range from 2.31 to 22.99 rfi0>
(Fig. 16) in our specimens. The mean length is 68 hut they can attain a maximum of 161 um for fish
between 50 and 300 g of body weight.

The serous membrane envelops the entire pancréa®liéows blood vessels that enter and exit from th

gut organs and pancreatic tissue (Figs. 7; 10; Where the long pancreas lobe touches the rigbt liobe,
there is a thin layer of connective tissue thaidiing the pancreas from the liver. The same orgditn was
found for the other pancreatic branches attachéuéstinal or gastric walls.
Arteries, veins, and ducts are apparent in theneatic parenchyma, veins and duct, increase imetier as
they proceed in cranial direction (Fig. 5). Hismkally, the pancreatic small arteries and smaticpaatic ducts
are similar except for the epithelial lining, indea simple layer of endothelial cells characteriagsries and
veins whereas the small pancreatic ducts have @esipnismatic epithelium.

Fig. 13. Sections A, B and C stained with haemataxgbsin. Photograph A: details of the ligament jbat the intestinal

organs and the pancreas. It is possible to seeobidepancreatic duct (black arrowhead), the atrecone of the ligament
(Ig), and pancreas tissue (p). The melano-macrashegntre in the serous membrane of the gut (natk) can be clearly
seen; they provide the characteristic macular pigat®n of the gut organs. Photograph B: detailthefthickness of the
gastric wall next to the large curve. The stomacheplete and the folds of the mucosa are stréhehmuscular (mu) and
sub-mucosa (s) layers are thin. The glands (g)gastric mucosa (m) layers appear flat. Photographo@e where the
oesophagus becomes the stomach. The sub mucosis dlelack arrowhead) have a different structurenfrime next

stomach tract shown in photograph B, and are ndillised throughout the sub mucosa. PhotograpreBtion of the first

tract of the stomach. The sub mucosa glands (ldackvhead) have the same structure as the glanplsoitograph C but
are evenly distributed throughout the sub mucose. rEd body of the swim bladder (rb) closer togtmmach (Crossmon
stain).
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Fig. 14. Transverse sections, stained with tri-oficoCrossmon. Photograph A: the islets of Langerifalask arrowheads)
can be easily seen and it is possible to distitngthie arterial vessel (a) with red blood cellsdesihe pancreatic vein (pv) in
the point where the small vein joins the pancredtict (pd). Photograph B: details of the mid zoneglebtograph A.
Photographs C and D stained with haematoxylin-ed&mtograph C: transverse section of the long tbihe pancreas
where it is possible to observe the arterial (aJ aBnous (v) vessels and a small pancreatic duatkbarrowhead).
Photograph D: a branch of the liver where it isgilmie to distinguish the pancreatic tissue arotnedbiood vessels, arteries
(a) and veins (v).

Fig. 15. Pancreas sections stained with haematergsin. Photograph A: zone where the long lobehes the right liver
lobe. The islets of Langerhans (black arrowheadsyisible. Photograph B: details of the islet (LRBhotograph C: detail of
Islet of Langerhans and erythrocytes of its bloedsel.
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Islets of Langerhans measurements
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Fig. 16. Islets of Langerhans measurements: OiXthgis, there is the number of the sampled islEt® graphic A has on
the Y-axis the islets lengthA() in pm. The graphic B have on the Y-axis the maximarea of the islets] in mn?-10°,

Moreover, some arteries have melano-macrophagkssitehe adventitia (Fig. 10C), and they are nefspnt in
pancreatic ducts adventitia. Small pancreatic dioat® a simple cubic epithelium while in the lardacts, the
epithelium is pseudo-stratified (Figs. 10B,D; 13it). Melano-macrophage centres are present, efipdaia
the liver, around arterial vessels inside the osgand between the serous membrane and muscutar(Fygs.
10C; 13A).

The observation on unfed sturgeon did not highlghatomical differences compared with fed sturgeon,
except for the pigmentation of the abdomen andgtitedue to melano-macrophage centres. When feed was
withheld, the gut organs appeared relatively pglg.(1, lower), in contrast to the highly pigmenigdg. 2B)
appearance generally observed fed fish.

Discussion

The pancreas of the Siberian sturgeon is an orgdmanprincipal part “pancreatic body” situated the dorsal
side of the pyloric caecum, between the small gasturve and the liver. Three lobes originate fréme
pancreatic body in the visceral cavity. The longe@nds in the spiral valve dorsal vein ligamemto Emaller
lobes, left lobe and right lobe, are located orhbgitles of the small intestine. Nicolas (1904) ob=e, in
Acipensersturio larvae, that the dorsal embryonic process endsrédhe spiral valve, running dorsal of the
visceral cavity. This is partially in agreement lwitur observations. The structure, named “dorsdirgomic
process” by Nicolas, appears to correspond todhg lobe of the pancreas that we observed in theri@n
sturgeon examined by us. The long lobe shows acraudal and ventro-dorsal pathway that is quifient
compared to the dorsal embryonic process that ap@sacranio-caudal in the dorsal position. Moreothe
long lobe ends between the first and the secondofdhe spiral valve upper side, which is in castr with
observations made by Nicolas in the larvae.

Our consistent observation of zymogen granulehénexocrine pancreas confirms prior studies with th
larvae of green sturgeomcipenser sturiolarvae (Nicolas 1904) anécipenser medirostrigGisbert and
Doroshov 2003).

We used gross anatomy, stereomicroscopy and ligitbatopy to identify the pancreas and the panicreat
ducts. Einarsson and Davies (1997) described thereatic ducts in Atlantic salmon observed in haemadin-
eosin stained sections. They noted that the higimdb structure of ducts is a monolayer of flatteglium. Our
observations on small pancreatic ducts are in aggaegwith the previous cited observation but, intcast; we
observed in Siberian sturgeon that big pancreatittsdhave a pseudo-stratified epithelium, and disgd a
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underlying muscular layer. Overall, the anatomicgjanisation of sturgeon pancreatic ducts was aind
those of mammals.

A structure resembling the major duodenal papilam@ammals was apparent in the pyloric caecum.
However, it was not possible to discriminate thenomn bile duct from the pancreatic duct becausg llawe a
similar histological appearance. Nicolas (1904Y)estathat during embryonic development pancreatictsdu
merge in the wall of the common bile duct, neardhedal end of the liver. They proceed along thesalovall
of the small intestine and end up close to thetjangoint between the small intestine and the pgloaecum.
Nicolas also reported that the last tract of thewwmn bile duct is surmounted by the dorsal panioréaid that,
at this point, merges with the two ventral pandeehtds, closer to the liver. In our observatiomsSiberian
sturgeon, we did not find the same anatomical @utsn. The pancreatic lobes of Siberian sturgeengmin
the body of the pancreas, at the level of the jyloaecum dorsal face. The common bile duct waspbetely
embedded in the pancreatic tissue for two/thirdgsofength, and we found that the body of the peas had
many small ramifications, in the serosa layer, fbbdw blood vessels entering and exiting from tha organs.

Two types of Islets of Langerhans were describe&ilarus asotugSiluridag and Sinipercascherzeri
(Centropomidag (Lee et al. 2001). They differ in size and looatiaccording to the different endocrine
activities and functions. In the present study drefan sturgeon, the main location of the Isldtkangerhans
was in the long lobe and left lobe caudal portiérihe pancreas. Different sized islets were presemtsuch
structure was found in any of the pancreatic simahches to the gut organs. The variability in sizthe Islets
of Langerhans in fish, which was studied by Masgb898) and Diamare (1899), is affected by feeditagus
and during periods of starvation the atrophy o tiland occurs. In the present study pancreatiphyror Islet
of Langerhans modification were not apparent imgegtan held without feed for two weeks, we supptee t
sturgeon do not modify pancreatic structure in oesp to food deprivation period in contrast withestfish
pecies.

Melano-macrophage centre in Siberian sturgeonlaee to the pigmentation, and its activity is kakto
digestive processes and body size, but unfortunaieldata are available in literature about thecfiom the
relation of these particular structure of sturgdarther studies are needed to clarify them fumctio

Gisbert et al. (1999) provided prior observatiohstorgeon intestine tracts, liver and pancre&sué reactivity,
treated with different histological stains. Howewtbieir work was limited to the ontogenesis of ¢heggans, but no
anatomical description or deal with the relatiopdtetween the pancreas and the other gut organgdessive body
developmental stages are available. Cataldi €2@02) reported the gut ontogenesis descriptioth@fAcipenser
naccarii but they did not describe pancreatic ¢is$he histological description of the alimentaagt of white sturgeon
(Domeneghini et al. 2002) provided a frameworkcfamparison with these studies in Siberian sturgéndoh and co-
workers (Andoh et al. 2000) have similarly providsaful observations about molecular forms of insand glucagons
in Huso dauricusvhole homogenised gut but no mention were doneecoimg anatomical description of the pancreas
or the possibility to sampling only this specifistie.

In conclusion, different intestinal tracts wereidefl on the base of the mucosa morphological aspéet
sturgeon pancreas is histologically similar to ¢ho$ mammals, and it is anatomically quite différiom that
of other fish. The pancreas of Siberian sturgeogrissly visible during dissection and is independd the
liver and other abdominal organs, even if in maoytipn the serous membrane joint it to gut wall dirdr.
Three large lobes start from the pancreas bodytleedrun in a caudal direction. To our knowledges th the
first work providing an anatomical description adidposition of sturgeon gut organs in post lartage with
detailed photographic tables enclosed, moreovsedins that photographs of historical works on lastege
(from 1898 to 1929) are not available. Our findirfggther define the gastrointestinal anatomy ofe8#n
sturgeon and provide a viable baseline for comparattudies of sturgeon anatomy and organ healtlnwh
assessing dietary formulations.
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