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C H A P T E R 1 
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General introduction 

1.1. Introduction 

S tu rgeons (Ac ipenser idae ) represent an anc ient g roup of f ish wh i ch are be l i eved to be 
' l iv ing foss i l s ' . They a lso b e l o n g to t h e m o s t endange red f ish because of b o t h t h e commerc i a l 
ove rexp lo i t a t i on and poach ing as a source of t h e black caviar, one of the m o s t apprec ia ted 
de l icac ies . They f irst ly appea red a l ready dur ing the Jurassic pe r iod ( 2 3 0 - 2 0 0 mi l l ions of years 
ago) (Peng et al., 2 0 0 7 ) . Their pr imi t i ve character is t ics (large b o d y s ize, heterocerca l ta i l , 
ca r t i l ag inous ske le ton) and the i r abi l i ty t o live b o t h in f reshwater and mar ine env i ronment 
make t h e m in te res t ing for s tudy the i r h isto logy, phys io logy , genet i cs , as we l l as the i r b roader 
evo lu t ionary s igni f icance. S tu rgeons are natural ly d i s t r i bu ted exclus ive ly in t h e Nor the rn 
Hemisphere and reproduce in freshwater . S tu rgeons b e l o n g to l ong l iv ing f ishes, matu re 
very late, do no t rep roduce annual ly. S p a w n i n g rates are once in 2-11 years for f ema les and 
1-6 years for ma les (Barus and Ol iva, 1995) . Dur ing the i r l ong lives, s tu rgeons have to face to 
a t tacks of many in fec t ious agen ts (bacter ia , v i ruses, paras i tes ) . It is abso lu te l y essent ia l t o 
have a we l l-deve loped i m m u n e sys tem to be ab le t o survive and live l ong life. This was one of 
the reasons why w e have f o c u s e d on t h e de ta i l ed h i s to log ica l exam ina t i on of l ympho id and 
h a e m a t o p o i e t i c t i s sues and haemato log i ca l exam ina t i on of wh i t e b l o o d cell parameters . 

Objectives of the thesis: 
The current s tudy was devo ted to comprehens i v e app roaches in examina t i on of l ympho id 

t i s sues in s tu rgeons . Tested f ish were c h o s e n as representa t i ves of part icu lar p lo idy level 
g roups : ster let , Acipenser ruthenus r ep resen ted a func t iona l l y d ip lo id g roup (2n), Russ ian 
s tu rgeon , Acipenser gueldenstaedtii was f r om t h e func t iona l l y t e t r ap lo id g roup (4n) 
and s h o r t n o s e s tu rgeon , Acipenser brevirostrum was a func t iona l l y hexap lo id g roup (6n) 
representat ive . The f o l l o w i n g object ives we re pu r sued : 

1. H is to log ica l exam ina t i on of l y m p h o i d and h a e m a t o p o i e t i c t i s sues . 
2. Immunoh i s to chem i ca l m a p p i n g of t he thymus , t he ma in l y m p h o i d organ in s tu rgeons . 
3. Examina t ion of wh i t e b l o o d cel ls parameters for th ree d i f ferent p lo idy level s tu rgeon 

spec ies reared in an i ndoo r rec i rcu la t ion aquacu l tu re s ys tem for one year. 

1.2. Fish polyploidy and its impact on their physiology 

1.2.1. General considerations 

Generally, d ip lo id indiv iduals p o s s e s s t w o c o m p l e t e c h r o m o s o m a l sets in soma t i c cel ls. 
Po lyp lo id indiv iduals have the add i t i ona l c h r o m o s o m e set or sets in soma t i c cel ls. The 
po lyp lo idy is qu i te c o m m o n in p lants , and so in an imals , espec ia l ly in inver tebrates and 
lower ver tebra tes up to rept i les . Po lyp lo idy is no t c o m m o n l y seen in birds and m a m m a l s . The 
po lyp lo idy appears to be a s ign i f i cant p h e n o m e n o n in the evo lu t i on of ver tebra tes and so as 
wel l as in f ishes. 

Natural ly occur r ing po l yp lo ids fall into e i ther occas iona l s p o n t a n e o u s t r ip lo id or even 
te t rap lo id indiv iduals , or se l f-susta in ing t r ip lo id or te t rap lo id p o p u l a t i o n w i th atyp ica l m o d e s 
of r ep roduc t i on (Benfey, 1999) . Such natural ly occur r ing po l yp lo id c o m p l e x was desc r i bed 
e.g. in Eurasian fami ly Cob i t idae , in its t w o genera , Cobitis and Misgurnus. Po lyp lo id c o m p l e x 
cons i s t s of d ip lo id , t r i p lo id and te t rap lo id ind iv idua ls . M o d e of r ep roduc t i on shou ld be shou ld 
b isexua l , or us ing a l ternat ive reproduct i ve s t ra teg ies a s soc i a t ed w i t h a l l opo l yp lo idy as 
exempl i f i ed e.g. by Li et a l . (2011 ) . 

Po lyp lo id f i shes can be art i f ic ial ly p r o d u c e d , general ly w i th t he a im of p r o d u c i n g ster i le 
popu l a t i ons for aquacu l tu re or f isher ies m a n a g e m e n t . Tr iploidy shou ld be ach ieved us ing 
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t he rma l or hydros ta t i c pressure shock of eggs shor t l y af ter fe r t i l i za t ion (Benfey, 1999 ; 
Flajshans and Vajcova, 2 0 0 2 ; Max ime , 2 0 0 8 ; Have lka et al., 2 0 1 1 ; Svobodová et al., 2 0 1 2 ) . 

Higher p lo idy level means the en l a rgement b o t h of the cell and t h e nuc leus . Larger cell 
v o l u m e is ba lanced by r educed cell numbers , r educed cel lular and nuclear sur face area per 
unit v o l u m e (Benfey, 1999 ; Pal ikova et al., 1999 ; Beyea et al., 2 0 0 5 ; Max ime , 2 0 0 8 ) . The ef fect 
of t r ip lo idy on cell s ize is clearly d e m o n s t r a t e d for e ry throcy tes wh i ch have larger cell v o l ume 
w h e n compa red to t h e d ip lo ids (Pal ikova et al., 1999 ; W l a s o w and Fopp-Bayat, 2 0 1 1 ) . This 
k n o w l e d g e is o f t en used to con f i rm p lo idy level in f i sh . No effect of t r ip lo idy on haematoc r i t 
was d e t e c t e d . A b s o l u t e a m o u n t of h a e m o g l o b i n per cell is s l ight ly h igher in t r ip lo id c o m p a r i n g 
d ip lo ids (Benfey, 1999, . Di f ferences reg is tered in l eukocy te c o u n t and di f ferent ia l wh i t e b l o o d 
cel ls c o u n t may ind icate a p lo idy spec i f i c i ty in s tu rgeons (Pal ikova et al., 1999 ; Flajshans and 
Vajcova, 2 0 0 2 ) . W e l ist o ther t i s sues for wh i ch increased nuc lear/ce l lu lar d ime n s i o n s and/or 
dec reased nuc lear/ce l lu lar numbe r s have b e e n d o c u m e n t e d in po l ypo id f i shes : brain, ret ina, 
ep i the l i um, cart i lage, musc le , l iver (hepatocy tes ) , k idney (pronephr ic duc ts ) , ovary and tes t i s 
(Benfey, 1999) . 

C o m m o n t h o u g h t is t ha t t r i p lo id shou ld g row fas ter t han d ip lo ids , bu t l i terature a b o u t 
g rowth rates of t r i p lo id f ish is inconc lus ive (Max ime, 2 0 0 8 ) . Tr iploids general ly have s imi lar 
morpho log i c a l and mer i s t i c character is t ics as d ip lo ids (Benfey, 1999 ; Max ime , 2 0 0 8 ) . Tr iploidy 
is o f t en a s soc i a t ed w i th ske leta l and ana tomica l ma l f o rma t i ons (e.g. l ower jaw deformity , 
r educ t ion of the n u m b e r of t he ver tebrae) . Tr iploid f ema les are f requent l y obse r ved to have 
larger fat d e p o s i t s a round the v iscera c o m p a r i n g w i th ma tu r i ng d ip lo id f ema les (Max ime, 
2 0 0 8 ) . Buchtová et a l . ( 2004 ) d e m o n s t r a t e d s ign i f i cant d i f ferences in the d i s t r i bu t i on of 
sa tura ted and po l yunsa tu ra ted fa t ty ac ids in musc l e l ip ids . Tr iploids are t h o u g h t to have 
a h igh po ten t i a l of t i s sue regenera t ion , and a lower t u m o u r inc idence . Tr iploids appea red 
to have a lower respi ratory eff ic iency t han d ip lo ids acco rd ing to r educed gill sur face area 
(Maxime, 2 0 0 8 ) , and microscopica l ly , s t ructura l d i f ferences in t r ip lo id gill l amel lae c o m p a r i n g 
w i th d ip lo ids we re f o u n d to s u p p o r t th is f i nd ing (Flajshans and Piačková, 2 0 0 6 ) . A c co rd ing to 
Benfey (1999) , t r ip lo id f i shes are unab le to c o p e wel l w i t h chron ic s t ress wh i ch resul ts f rom 
lower hypox ia to le rance . No di f ference in haematoc r i t , p l a sma Cort iso l and g lucose prof i le was 
f o u n d after an acu te hand l ing st ress b e t w e e n t r ip lo ids and d ip lo ids . 

Changes in me t abo l i c pa thways are more t empera tu re-dependen t in t r ip lo ids t h a n in d ip lo ids . 
Any rise of wa te r t empera tu re lowers oxygen solubi l i ty , enhances energy requ i rements , 
lessens h a e m o g l o b i n aff inity for oxygen and l imits aerob ic capacity. Con f l i c t i ng resul ts g iven in 
l i terature do no t enab le to conc l ude a task conce rn ing greater or lower sens i t i v i ty of t r ip lo ids 
to increase in t empera tu re (Max ime, 2 0 0 8 ) . A c co rd ing to Benfey (1999) , c o m p l e m e n t and 
phagocy t i c act iv i t ies are s imi lar fo r d ip lo ids and t r ip lo ids . Tr iploids may have an increased 
cel lular phagocy t i c activity, th is shou ld be ba lanced by reduced l eukocy te number s . Triploids 
are equal ly as respons i ve to vacc ina t ion as d ip lo ids , and no di f ference in d i sease suscept ib i l i t y 
after exposu re to var ious viral and bacter ia l p a t h o g e n s was repor ted (Benfey, 1999 ; Max ime , 
2 0 0 8 ) . Tr iploids appear to have r educed d i sease res is tance, average t im e to dea th was shor te r 
in t r ip lo ids (Benfey, 1999) . 

In t r i p lo id f i sh , me ios i s is ser ious ly a f fec ted because three h o m o l o g o u s c h r o m o s o m e s 
canno t correct ly pair du r ing the z ygo tene s tage of p rophase I. This impa i rmen t interferes 
w i th gonada l d e v e l o p m e n t and g a m e t o g e n e s i s (Tiwary et al., 2 0 0 4 ; Piferrer et al., 2 0 0 9 ) . 
Ovar ian g rowth is great ly re ta rded . Tr iploid f ema les typ ica l ly do no t s h o w any endoc r ine s igns 
of sexua l ma tu ra t i on , do no t p roduce mature oocy tes . Ovar ies may be h idden in d e p o s i t s of 
per iv isceral fat in a b d o m i n a l cavity. Microscopica l ly , ovar ies con ta in only smal l numbe r s of 
o o g o n i a and very f ew deve lop ing pr imary oocy tes . Tr iploid f ema le rarely p roduces eggs, bu t if 
they do , eggs are u n d e v e l o p e d , infer t i l i sable . 
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General introduction 

A l t h o u g h me ios i s is a lso impa i red in males , t es tes g row to near norma l s ize, w i th a 
cons iderab le p o p u l a t i o n of ful ly f unc t i ona l s t e ro idogen i c cel ls (Tiwary et al., 2 0 0 4 ; Piferrer 
et al., 2 0 0 9 ) . Tr iploid ma les exh ib i t no rma l pa t te rn of endoc r i ne changes a s soc i a t ed w i th 
r ep roduc t i on , and p roduce v iable s p e r m a t o z o a , bu t reduced in number , resu l t ing d i lute mi l t . 
Spe rma togenes i s in t r ip lo ids may resul t in p r o d u c t i o n of aneup lo id spe rms . Abnorma l i t i e s in 
s p e r m a t o z o a n m o r p h o l o g y was a lso r epo r t ed . W h e n pai red w i th ovu la ted d ip lo id f ema les in 
appropr ia te env i ronment , t r i p lo id ma les s h o w norma l s p a w n i n g behav iour (Benfey, 1999) . 

1.2.2. Polyploidy in sturgeons  

A c c o r d i n g to compara t i ve g e n o m i c analysis , g e n o m e evo lu t i on of ver tebra tes is probab ly 
c o n n e c t e d w i t h three to ta l g e n o m e dup l i ca t i on events . The f irst dup l i ca t i on event is 
t h o u g h t t o s tand at t h e backg round of t h e evo lu t i on of ver tebra tes itself, t h e se cond event 
is c o n n e c t e d w i th t he d e v e l o p m e n t of Gnathostoma. These t w o g e n o m e dup l i ca t ions 
are k n o w n in l i terature as 2R ( " two rounds" ) hypo thes i s . The last th i rd dup l i c a t i on event 
(and t h e n final ly f o r m u l a t e d as the 3R hypothes i s ) led to the d e v e l o p m e n t of Teieostei 
and occur red in t i m e w h e n Teieostei we re separa ted f rom s tu rgeons (Ac ipenser idae ) and 
padd le f i shes ( Po l yodont idae ) (Volff, 2 0 0 5 ; Peng et al., 2 0 0 7 ) . The s tudy of s tu rgeon genet i cs 
can prov ide va luab le da ta on m e c h a n i s m s under l y ing t h e evo lu t i on of ver tebra tes . S tu rgeons 
have evo lved via a l l opo l yp lo id i za t i on (Gregory and W i t t , 2 0 0 8 ; Smi th and Gregory, 2 0 0 9 ) by 
several po l yp lo id i za t i on and hybr id iza t ion events . The ex tan t spec ies of t h e genera Acipenser, 
Huso, Scaphirhynchus and Pseudoscaphirhynchus are separa ted into d i f ferent c lasses 
accord ing to c h r o m o s o m e numbe r s : (1) spec ies w i th 120 c h r o m o s o m e s ; (2) spec ies w i th 
2 5 0 c h r o m o s o m e s ; (3) one spec ies only, Acipenser brevirostrum Lesueur, 1818 , hav ing 
3 6 0 c h r o m o s o m e s ( Ludwig et al., 2 0 0 1 ; Peng et al., 2 0 0 7 ; Havelka et al., 2 0 1 1 , 2 0 1 6 ) . Havelka 
et a l . (2011) s ta ted tha t t w o scales of s tu rgeon p lo idy levels are r e cogn ized u p o n the i r 
c h r o m o s o m e numbe r s at present : t h e evo lu t ionary scale, wh i ch p r e sumes te t rap lo id (4n) -
oc t ap lo id (8n) - d o d e c a p l o i d (12n) re la t ionsh ips , referr ing to anc ien t p lo idy levels, and the 
func t iona l scale, wh i ch p r e sumes d ip lo id (2n) - t e t rap lo id (4n) - hexap lo id (6n) re la t ionsh ips 
ar is ing f rom s ign i f i cant func t iona l g e n o m e re-dip lo id izat ion in s tu rgeon evo lu t ion . 

S tu rgeons exh ib i t large g e n o m e s a m o n g f ishes (Gregory and W i t t , 2 0 0 8 ; Smi th and Gregory, 
2 0 0 9 ) . The increas ing n u m b e r of c h r o m o s o m e s is c lose ly c o n n e c t e d w i t h t he increase in DNA 
con t en t in t h e cell nuc le i . Cell and nuclear s ize corre late in a s t rongly pos i t i ve manne r w i th 
g e n o m e s ize and w i th each o the r at each t a x o n o m i c level , i ndependen t l y of phy logene t i c s 
and of ancient- or n e o p o l y p l o i d s ta tus (Hardie and Hebert , 2 0 0 3 ) . Cy to log ica l fea tures such 
as nuc lear vo lume , cell vo lume , cell sur face area and nuclear sur face area a lso corre late in 
a pos i t i ve manne r w i th g e n o m e s ize (Pal ikova et al., 1999 ; Hardie and Heber t , 2 0 0 3 ; Flajshans 
et al., 2 0 1 1 ) . 

Over years, t he t e chn iques de t e rm in ing p lo idy level have been ref ined. A m o n g direct 
m e t h o d s , e ry throcy te cel lular and nuclear d imens i ons were app l i ed , f o l l ow ing by ka ryo typ ing 
or DNA con t en t quan t i f i ca t ion . N u m e r o u s s tud ies p o i n t e d ou t tha t e ry throcy te cel lular and 
nuclear d i m e n s i o n increased in h igher p lo idy level g roups (Arefjev and Nikolaev, 1 9 9 1 ; Benfey, 
1999 ; Hardie and Hebert , 2 0 0 3 ; Beyea et al., 2 0 0 5 ; Max ime , 2 0 0 8 ; Flajshans et al., 2 0 1 1 ; 
Havelka et al., 2 0 1 1 ) . Increased s ize is no t un i fo rm in all d imens ions , a greater p ropo r t i ona l 
increase in cel lu lar and/o r nuc lear l ength t han in w i d t h (Benfey, 1999 ; Beyea et al., 2 0 0 5 ) , 
and thus an a l te ra t ion in ery throcy te shape shou ld be present . In add i t i on , capi l lary d i amete r 
and hear t s ize r ema ined same in d ip lo ids and t r ip lo ids . A p ropor t i ona te l y greater increase 
in e ry throcy te l ength t han in w i d t h and high de fo rmab i l i t y of e ry throcy tes con t r i bu te t ha t 
b l o o d f l ow dynamics t h r o u g h capi l lar ies may no t be a f fec ted in h igher p lo idy level g roups 
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(Benfey, 1999) . S tudy p o i n t i n g ou t cel lular and nuc lear d i m e n s i o n changes in l eukocy tes was 
pe r fo rmed by Pal ikova et a l . (1999) and d i s cussed by Hardie and Heber t (2003 ) . 

1.3. Haematology in sturgeons 

Haemato logy conce rns t h e s tudy of so l id h a e m a t o p o i e t i c and l ympho id organs, as wel l as 
b l o o d , a l iqu id t i s sue w i th its cel lu lar c o m p o n e n t s . Wh i l e h i s to logy and immunoh i s to chem i s t r y , 
respect ively, are the ma in invest igat ive t o o l s for so l id organs examina t i on , and in tha t k ind , 
t i s sue samp les are required for a s se s smen t , b l o o d as l iquid c o m p a r t m e n t is easi ly access ib le 
for t e s t i ng by vesse l punc ture . 

In our s tud ies , w e p e r f o r m e d h is to log ica l examina t i on of h a e m a t o p o i e t i c and l ympho id 
organs in Acipenser ruthenus and Acipenser brevirostrum, s ubsequen t l y c o m p l e t e d w i t h 
i m m u n o h i s t o c h e m i c a l m a p p i n g of t he thym ic m i c roenv i ronment . The resul ts are s u m m a r i z e d 
in s tud ies by Sa lkova and Flajshans (2016) (see Chapte r 2) and Sa lkova et a l . ( 2020 ) (see 
Chapte r 3). 

Haemato log i ca l examina t i on of b l o o d was f o c u s e d on wh i t e b l o o d cell parameters 
inves t iga t ion , t h a t ref lect phys io log i ca l s ta tus and play an i m p o r t a n t role in t h e d iagnos is 
of d i f ferent pa tho log i ca l cond i t i ons . Acipenser ruthenus, Acipenser gueldenstaedtii 
and Acipenser brevirostrum were encoun te r ed in a s tudy runn ing in a pe r iod of one year. 
F ishes we re s a m p l e d month ly , and to ta l n u m b e r of l eukocy tes and di f ferent ia l coun t s were 
p e r f o r m e d . Resu l ts we re s u m m a r i z e d , eva luated , and prepared for pub l i c a t i on , current ly 
rev iewed by Veter inary Med i c ine . Manusc r i p t is a t t a ched (see Chapte r 4) and descr ibes 
changes in wh i t e b l o o d cell parameters d e p e n d i n g on p lo idy level , seasonal i ty , and spec ies 
specif ic i ty . Haemato log i ca l examina t i on of wh i t e b l o o d cell parameters t hus represents a qu i te 
s imple , easi ly access ib le , va luable ind ica tor for l ympho id and i m m u n e sys tem inves t iga t ion 
and t es t i ng . 

1.3.1. Histological examination of haematopoietic and lymphoid organs  

Histology, wh i ch represents t he m i c roscop i c eva lua t ion of t i s sue and organs, has been 
success fu l l y app l i ed in the veter inary sc ience, inc lud ing i chthyo logy . For h i s to log ica l pu rposes , 
only f resh t i s sue samp les shou ld be cons ide red . To preserve the m o r p h o l o g y of t he t i s sue 
and to b lock auto lys is , t h e f ixa t ion is necessary . 1 0 % neutral-buffered fo rma l in is t h e m o s t 
c o m m o n f ix ing agen t in t h e h is to log ica l l abora tory (Rober ts and Ellis, 2 0 1 2 ) . Af ter f ixa t ion , 
t he t i s sue samp les are e m b e d d e d in the paraff in, t he t i s sue b locks are m a d e and the t i s sue 
sec t i ons w i t h a c o m m o n th i ckness of 4 \xm are prepared . O b t a i n e d s l ides are s ta ined us ing 
haematoxy l in and eos in , t he bas ic h i s to log ica l s ta in ing . C o m p l e t e d s l ides are obse r ved under 
l ight m i c r o s c o p e and the t i s sue s t ruc ture is eva lua ted . If necessary, t he advanced h is to log ica l 
s ta in ing p rocedure shou ld be app l i ed on t h e f ish t i s sues (e.g. muc in and azan s ta in ing , pe r iod i c 
acid-Schiff (PAS) s ta in ing , t r i ch rome, G i e m s a and alc ian b lue s ta in ing , G o m o r i s ta in ing us ing 
si lver for impregna t i on of ret icular f ibres or Perls reac t ion for iron de tec t ion ) . Such resul ts 
shou ld con t r i bu te t o f inal h i s to log ica l repor t and t i s sue a s se s smen t . 

In our study, t h e h is to log ica l examina t i on was p e r f o r m e d on juveni le func t iona l l y d ip lo id 
ster let , Acipenser ruthenus and juveni le func t iona l l y hexap lo id Acipenser brevirostrum. The 
w h o l e spec imens were f ixed in 1 0 % neutral-buffered fo rma l in . The t i s sue was convent iona l l y 
p rocessed , t i s sue sec t i ons were prepared and s ta ined w i th haematoxy l i n and eos in 
(HE). O b t a i n e d s l ides were i nspec ted under O l y m p u s HBS m i c ro s cope . The desc r ip t i on of 
h a e m a t o p o i e t i c and l y m p h o i d t i s sues was p e r f o r m e d . Advanced h is to log ica l s ta in ing m e t h o d s 
were app l i ed : G i emsa , PAS s ta in ing, a lc ian blue, muc in s ta in ing , Perls reac t ion . Resu l ts of 
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advanced h is to log ica l s ta in ing m e t h o d s he lped to map t h e nature of h a e m a t o p o i e t i c cells, and 
me lano-macrophages centres , respect ively . H is to log ica l p rocedure is d o c u m e n t e d in Figure 1. 

W h e n pe r fo rm ing h is to log ica l examina t i on of t he thymus , Hassal l ' s co rpusc l es were 
de t e c t ed . Ac co rd ing to m a m m a l i a n cr i ter ia for morpho log i c a l a s s e s s m e n t (Asghar et al., 
2012 ) , juveni le and p rematu re t ype of Hassal l ' s co rpusc l es were obse r ved (Salkova and 
Flajshans, 2 0 1 6 ) . 

Figure 1. Histological examination. 
The fish specimen is fixed in 10% neutral-buffered formalin, after fixation is cut into small pieces. Tissue 
is embedded in paraffin and tissue blocks are prepared. The 4 um tissue sections are cut and stained in 
haematoxylin and eosin. The final tissue slide is inspected under light microscope. Advanced histological 
staining methods may be performed on demand. 

1.3.2. Immunohistochemical examination 

Immunoh i s to chemi s t r y (IHC) is a l abora tory m e t h o d w ide l y used to character ize t i s sue and 
cell or ig in , b o t h in h u m a n and veter inary med i c i ne (Ramos-Vara et al . , 2 0 0 8 ) . In f ish, however, 
l i t t le is k n o w n a b o u t s ta in ing character is t ics of m o s t t i s sue types , and espec ia l ly fo r less 
s t ud i ed chond ros t ean f i sh . In f i sh , IHC is u sed in phys io log ica l s tud ies t ha t are m a p p i n g the 
ant igen d i s t r i bu t i on and se t t i ng on the di f ferent cell t ypes and t i s sues under phys io log i ca l 
cond i t i ons (Sa lkova et al . , 2 0 2 0 ) . IHC a lso is an i m p o r t a n t and power fu l invest igat ive t o o l 
in patho logy , inc lud ing in fec t ious d i seases ( Jorgensen et al., 2 0 0 9 ; Dezfu l i et al., 2 0 1 4 ) or 
neop las t i c les ions (Paquet te et al., 2 0 1 5 ; Y a s u m o t o et al., 2 0 1 5 ; laria et al., 2 0 1 9 ) . 

Pre-analytic phase of IHC covers t he t i s sue s l ide p repara t ion . The f resh t i s sue is highly 
r e c o m m e n d e d and f ixa t ion us ing 1 0 % neutral-buffered fo rma l in is f avoured to di f ferent f ix ing 
agents (e.g. 9 6 % e thano l , Bou in 's f lu id) . It is f o l l o w e d by analyt ica l phase wh i ch compr i ses 
an t igen retrieval procedure , pr imary a n t i b o d y app l i ca t ion and incuba t i on in a humid i t y 
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c h a m b e r at 4 °C, usual ly overn ight . The ant igen-ant ibody c o m p l e x s ignal is ampl i f i ed us ing 
a de t e c t i on s y s t em . De tec t i on sys tem is represented by a secondary a n t i b o d y tha t is carry ing 
the label (enzyme, labe l led po lymer ) , and is app l i ed to b ind w i th the pr imary an t ibody . The 
ant igen-ant ibody c o m p l e x is f inal ly v i sua l ized us ing 3-3 ' d i a m i n o b e n z i d i n e te t rahydroch lo r ide 
(DAB) as a c h r o m o g e n , t h a t p r o d u c e d a b r o w n end p roduc t . Harr is 's haematoxy l i n is u sed to 
pe r fo rm nuclear coun te r s t a in ing and t i s sue overview. 

Both m o n o c l o n a l and po lyc lona l an t i bod i e s are used in IHC (Ramos-Vara, 2 0 0 5 ; Ruiz et al., 
2 0 0 5 ; Ramos-Vara et al., 2 0 0 8 ; Jo rgensen et al., 2 0 0 9 ) . M o s t an t i bod i e s are of m a m m a l i a n 
or ig in (i.e. mouse , rabbit , or goa t ) . M o n o c l o n a l an t i bod i e s b ind to a s ingle ep i t ope of an 
ant igen and thus prov ide high specif ic i ty . Po lyc lonal an t i bod i e s con ta in an t i bod i e s aga ins t a 
w ide range of ep i t opes (Ramos-Vara, 2 0 0 5 ; Ramos-Vara and Miller, 2 0 1 4 ) . Their spec i f ic i ty may 
there fore be lower, and sens i t i v i ty h igher c o m p a r e d to m o n o c l o n a l an t i bod i e s . Greater n o n 
spec i f ic backg round s ta in ing may be present w h e n us ing po lyc lona l an t i bod i es , and cross-
react iv i ty may be f o u n d in cases w h e n ta rget t i s sue an t igen ep i t opes are shared w i t h o ther 
prote ins . K n o w l e d g e of t h e p roper an t igen se t t i ng , inc lud ing loca t ion of t he pos i t i ve react ion 
pat terns , is there fore i m p o r t a n t w h e n in te rpre t ing t h e resul ts o b t a i n e d (Ramos-Vara, 2 0 0 5 ) . 

In our study, w e pe r f o rmed t h e i m m u n o h i s t o c h e m i c a l exam ina t i on of t he s ter le t ' s t h ymus . 
Invest igated markers were c h o s e n as representa t i ves of ep i the l ia l ( cy tokerat in AE1/AE3 ) , 
mesenchyma l (v iment in ) , n e u r o e c t o d e r m a l (S-100 prote in ) , l ympho id (CD3 and LCA, l eukocy te 
c o m m o n ant igen ) s t ruc tures of t h e thym ic m i c roenv i ronmen t . More deta i l ed i n fo rma t ion 
conce rn ing a n t i b o d y t ype app l i ca t ion , an t igen desc r i p t i on and d i s cuss ion a b o u t h u m a n 
an t i body app l i ca t ion in the i ch thyo logy is m e n t i o n e d in our s tudy (Sa lkova et al., 2 0 2 0 ) . 
R e c o m m e n d a t i o n regard ing f ish spec ies a n t i b o d y d e v e l o p m e n t is a lso s t a t ed i b idem. 

1.3.3. Haematological examination  

Haemato log i ca l exam ina t i on of f i shes is a usefu l and i m p o r t a n t d i agnos t i c t oo l fo r eva luat ion 
the phys io log ica l s ta tus and plays an i m p o r t a n t role in the d iagnos i s of d i f ferent pa tho log i ca l 
cond i t i ons (e.g. i n f l ammatory and non- in f lammatory d i seases , wa te r po l l u t i on , s t ress) . 
C o m p a r i n g h i s to log ica l exam ina t i on ( t i ssue d e m a n d , l abora tory equ ipmen t , t i m e demands ) , 
haemato log i ca l eva lua t ion seems to be min imal l y invasive ( b l ood is easi ly access ib le by vesse l 
puncture ) , shou ld be pe r f o rmed repeated ly and b l o o d punc tu re is c o m p l e t e d in one minute . 
There are a lso s o m e pitfa l ls a c c o m p a n y i n g t h e haemato log i ca l exam ina t i on - to avo id rapid 
b l o o d c lo t t i ng , t h e b l o o d samp les are t aken to hepar in-coated syr inge. The b l o o d smea r is 
r e c o m m e n d e d to be pe r f o rmed immed ia te l y af ter t he samp l ing , dr ied at r o o m tempera tu re , 
f ixed w i th m e t h a n o l and s ta ined us ing e.g. Hemacolor® Rapid s ta in ing se t (Merck KGaG, 
Darmstad t , Germany ) . 

Basic haemato log i ca l parameters are rep resen ted by red b l o o d cell ind ices (red b l o o d 
cell counts , haematoc r i t , h a e m o g l o b i n concen t r a t i on , m e a n corpuscu la r vo lume , mean 
corpuscu la r h a e m o g l o b i n and m e a n corpuscu la r h a e m o g l o b i n concen t ra t ion ) , wh i t e b l o o d 
cell ind ices (whi te b l o o d cell c o u n t and di f ferent ia l wh i t e b l o o d cell count ) , and p la te le ts 
c o u n t (Knowles et al., 2 0 0 6 ; Zex ia et al., 2 0 0 7 ; Docan et al., 2 0 1 2 ; S v o b o d o v a et al., 2012 ) . 
Physiological ly , all de ve l opmen ta l s tages of e ry throcy tes and l eukocy tes are p resent in the 
per iphera l b l o o d ( S vobodova et al., 2 0 1 2 ) . W h e n p e r f o r m i n g di f ferent ia l l eukocy te count , 
only matu re cel ls are invo lved, wh i l e b las ts and van ish ing cel ls are exc luded . The presence 
of all d e v e l o p m e n t a l s tages in t h e per iphera l b l o o d represents one of t h e reasons why l ight 
m ic roscop i ca l a s s e s s m e n t is favoured c o m p a r e d to c o m p u t e d p rocess ing . W h e n eva luat ing 
wh i t e b l o o d cell parameters , internal (e.g. p lo idy level , age, sex and s p a w n i n g activity, diet) 
and externa l cond i t i ons (e.g. wa te r chemistry , i ndoor or o u t d o o r b reed ing , t empera tu re , l ight) 
shou ld be t aken in account . 
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In our study, t he t e s t ed f i shes were c h o s e n as representa t i ves of par t icu lar p lo idy level 
g roups . Ac co rd ing to Havelka et a l . (2011 ) , Acipenser ruthenus r ep resen ted func t iona l l y 
d ip lo id g roup (2n), Acipenser gueldenstaedtii was f rom the te t rap lo id g roup (4n) and 
Acipenser brevirostrum was t h e func t iona l l y hexap lo id (6n) representa t i ve . Al l f ishes 
or ig ina ted f rom t h e Genet i c F isher ies Centre of t h e Faculty of F isher ies and P ro tec t ion of 
Waters , Univers i ty of Sou th Bohem ia in Ceske Budejov ice , Czech Republ ic . The s tudy was 
carr ied ou t in acco rdance w i t h the Czech Law No. 2 4 6 / 1 9 9 2 'An imal welfare ' . P ro toco l s were 
superv i sed by t h e Inst i tut iona l An ima l Care and Use C o m m i t t e e (IACUC) of t h e Univers i ty of 
Sou th B o h e m i a (USB), Faculty of F isher ies and P ro tec t ion of Waters (FFPW) in Vodnany . The 
USB FFPW has t h e approva l of t he Min is t ry of Agr i cu l ture of t h e Czech Republ i c for hand l ing 
and usage of expe r imen ta l an imals (ref. no. 1 6 O Z 1 5 7 5 9 / 2 0 1 3 - 1 7 2 1 4 ) . 

1.3.3.1. Total number of leukocytes  

Total n u m b e r of l eukocy tes is recorded in 1 0 V L , represents t he basic parameter re f lec t ing 
fish phys io log ica l or immuno log i c a l s ta tus , respect ively . Increased or dec reased to ta l n u m b e r of 
l eukocy tes ref lects t he pa tho log i ca l cond i t i ons inc lud ing in f l ammato ry and non- in f lammatory 
d iseases , mechan ica l injury, wa te r po l l u t i on or s t ress cond i t i on . 

In our study, b l o o d samp les for to ta l n u m b e r of l eukocy te de t e rm ina t i on were s to red in 
hepar in ized t u b e s and p laced on ice unt i l fu r the r analys is , bu t no longer t han one hour. 
Hepar in ized b l o o d was d i lu ted 2 0 0 t imes w i th so lu t i on con ta in ing NaCI, N a 2 S 0 4 , N a 2 H P 0 4 . 1 2 H 2 0 , 
K H 2 P 0 4 , f o rma ldehyd and 1 % cresyl v io le t d i lu ted in d is t i l led wate r ( S vobodova et al., 2012 ) . 
Total n u m b e r of l eukocy tes was pe r f o rmed by c o u n t i n g wh i t e b l o o d cel ls in a Burker chamber 
and was recorded in 1 0 V L (Knowles et al., 2 0 0 6 ; S v o b o d o v a et al., 2 0 1 2 ) . Th rombocy tes and 
thrombocy te- l i ke cel ls were no t inc luded in wh i t e b l o o d cel ls parameters , s ince they represent 
d i s t inc t b l o o d cell c o m p o n e n t (Khandekar et al., 2 0 1 2 ) . 

1.3.3.2. Differential white blood cell count 

Different ia l wh i t e b l o o d cell coun t shows a pe r cen tage of par t icu lar cell t ype and is recorded 
in % (Knowles et al., 2 0 0 6 ; S v o b o d o v a et al., 2 0 1 2 ) . B l ood smea r is prepared immed ia te l y 
after b l o o d samp l i ng and t w o hund red l eukocy tes are de t e rm ined and c o u n t e d for each 
s p e c i m e n . Cel lu lar s ize, nuc lear morpho logy , c y top l asmic s ta in ing pa t te rns are t h e criter ia 
for cel ls ident i f i ca t ion and de t e rm ina t i on (Ellis, 1977 ; A i n s w o r t h , 1992 ; Know les et al., 2 0 0 6 ; 
Zex ia et al., 2 0 0 7 ; S v o b o d o v a et al., 2 0 1 2 ) . Changes in di f ferent ia l c oun t s s h o u l d po in t at 
part icu lar f ish pa tho l ogy (e.g. bacter ia l , viral, myco t i c in fec t ions , h a e m a t o p o i e t i c d isorders , 
po i son ing , stress, nu t r i t i on d isorders ) . 

In our study, d i f ferent ia coun t was pe r f o rmed for representa t i ve of d ip lo id , t e t rap lo id and 
hexap lo id s tu rgeons . The b l o o d smears we re i n spec t ed under an O l y m p u s BHS m i c ro s cope 
us ing x l , 0 0 0 magn i f i ca t i on . Lymphocy tes , g ranu locy tes , m o n o c y t e s we re de t e rm ined . 
Granu locy tes were fu r ther c lass i f ied as neut roph i l s and eos inoph i l s , and in each subg roup 
the bands and s e g m e n t s were c o u n t e d . The n u m b e r of nuc lear s e g m e n t s in neut roph i l s and 
eos inoph i l s was a lso es tab l i shed for each p lo idy level g roup . 

Data conce rn ing seasona l and annua l var ia t ion are sti l l under review in Veter inary Med ic ine . 

- 75-



1.4. Haematopoiesis in lower vertebrates 

In phy logenet i ca l l y less advanced spec ies inc lud ing f ish, h a e m a t o p o i e s i s is t ak ing p lace in 
d iverse organs such as kidney, sp leen , in test ine , liver as we l l as in c i rculatory space (Fänge, 
1986 ; Tavassol i , 1986) . N o n e of t h e s e organs p o s s e s s the o rgan iza t ion of ma r row k n o w n 
f rom higher ver tebra tes . H a e m a t o p o i e t i c t i s sue is t hus accessory and supp l emen ta r y 
c o m p o n e n t of above-ment ioned organs, l oca ted o f t en interst i t ia l ly , rather t han a separate 
organ . Phy logenet ica l ly , t h e b o n e mar row f irst appears in Anuran amph ib i an (Tavassoli, 1986) . 
On the o ther hand , l ymphopo i e s i s t akes p lace in the t hymus , wh i ch represents the main 
l ympho id organ a l ready d o c u m e n t e d in e l a smobranchs and car t i l ag inous f ish (Fänge, 1986 ; 
Petr ie-Hanson and Pe te rmann , 2 0 0 5 ) . 

It is remarkab le to m e n t i o n s o m e d i s t inc t s t ruc tures and t i s sues encoun t e r ed in 
haema topo i e s i s in phy logenet i ca l l y less advanced spec ies . In Chondrichthyes, Leydig organ, 
ep igona l organ and sp leen cons t i t u t e l y m p h o m y e l o i d t i s sues . Leydig organ is b o n e mar row 
like t i s sue s i tua ted b e t w e e n t h e muscu la r i s and the m u c o s a of the e sophagus . Leydig 
organ p roduces granu locy tes and l ymphocy tes and represents a par t of t h e i m m u n e sys tem 
(Ma t t i s son and Fänge, 1982 ; H o n m a et al., 1984) . Ep igona l organ is t h e largest l y m p h o m y e l o i d 
organ, wh i ch enve lops t h e gonads , a lso pos te r io r reg ion of in tes t ine and reaches up t h e rectal 
g land (Fänge and M a t t i s s o n , 1 9 8 1 ; H o n m a et al., 1984 ; M a n c a et al., 2 0 1 9 ) . 

In Chondrostei, men ingea l mye lo id t i s sue , card iac/per icard ia l mye lo id are obse r ved 
(Scharrer, 1944 ; Ca t ton , 1 9 5 1 ; Fänge, 1986 ; Tavassol i , 1986 ; Gradi l et al., 2 0 1 4 ) . H is to log ica l 
desc r ip t i on and f unc t i on is m e n t i o n e d fu r ther ahead . 

1.4.1. Lymphoid organs and tissues in sturgeons  

I.4.I.I. Thymus  

The t h y m u s represents the ma in l ympho id organ in s tu rgeons (Fänge, 1986) , it is a s i te of 
l ymphocy te deve l opmen t . The t h y m u s in f ish is a pair l ymphoep i the l i a l organ lying on the 
upper ins ide edge of t h e ope r cu lum, just benea th the cubo ida l or f lat ep i the l i um cover ing the 
branchia l cavity (Rober ts and Ellis, 2 0 1 2 ; Sa lkova and Flajshans, 2 0 1 6 ) . Embryologica l ly , t he 
t h y m u s is der ived f rom the th i rd pharyngea l p o u c h . Thymi in s tu rgeons pers is t unt i l t h e f ish 
reach the sexua l matur i ty . Later t he se undergo t h e p rocess of age-related a t rophy (Fänge, 
1986 ; B o w d e n et al., 2 0 0 5 ) . Histological ly , a th in f ib rous capsu le covers t h e thym ic sur face . The 
t h y m u s is l obu l a t ed and o rgan ized in ou te r cor tex enc los ing the centra l medu l l a (Petr ie-Hanson 
and Pe te rmann , 2 0 0 5 ; Sa lkova and Flajshans, 2 0 1 6 ) . A d ivers i ty of d i f ferent cell t ypes is f o u n d 
w i th in t h e t h y m u s . The cor tex is p r edominan t l y c o m p o s e d of c lose ly packed l ymphocy tes . 
The medu l l a is c o m p o s e d of sparse ly o rgan ized l ymphocy tes , mac rophages , ret icular cel ls, 
t inny vascu lar channe ls and Hassal l ' s co rpusc l es t ha t have a d i spe rsed d i s t r i bu t i on (Fänge, 
1986 ; Petr ie-Hanson and Pe te rmann , 2 0 0 5 ; Pe te rmann and Petr ie-Hanson, 2 0 0 6 ; Sa lkova and 
Flajshans, 2 0 1 6 ) . 

Hassal l ' s co rpusc l es are c o m p o n e n t s of non- lymphocyt i c m i c roenv i r onmen t of t he thym ic 
medu l l a . Histological ly , t he co rpusc l es are r o u n d e d or spher ica l ep i the l ia l s t ruc tures vary ing 
in diameter . They are c o m p o s e d of eos inoph i l i c ret iculo-epithel ia l cells, o f t en concentr i ca l l y 
ar ranged (Salkova and Flajshans, 2 0 1 6 ) . The centra l par t of t h e co rpusc le may unde rgo the 
process of degene ra t i on . Regress ive changes inc lud ing hya l in iza t ion , ca lc i f i ca t ion and cyst 
f o r m a t i o n shou ld a lso be f o u n d . The n u m b e r of Hassa l l ' s co rpusc l es may vary acco rd ing to the 
age, t he course of d i sease or the p resence of s t ress (Furukawa, 2 0 1 2 ) . The thym ic t o p o g r a p h y 
is i l lust rated in Figure 2. The thym ic s t ruc ture is d e m o n s t r a t e d in Figure 3. 
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Figure 2. Thymic topography, haematoxylin and eosin (HE), magnification x40. 
The thymus is lying in a close proximity to the branchial cavity, in the upper inside edge of the operculum. 
The cartilaginous skull represents the boundary between the cranial cavity and adjacent soft tissues. 

Figure 3. The thymic structure, haematoxylin and eosin, magnification x200. 
Fine fibrous capsule is situated in the thymic surface. Plain arrows point at the flat or cuboidal epithelium 
covering the branchial cavity. The thymus is lobulated and consists of outer cortex (illustrated by white 
arrowheads) and inner medulla (stars). There are juvenile Hassall's corpuscles indicated by black arrows. 
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1.4.1.2. Intestine 

Lympho id t i s sue in d iges t i ve s ys tem cons t i t u t e s t h e i m p o r t a n t barr ier f unc t i on aga ins t 
microbia l a t t acks . In younge r indiv iduals , c lusters of c lose ly packed l ymphocy tes , g ranu locy tes 
and mac rophages are s i tua ted in lamina propria mucosae. In o lder indiv iduals , foll icle-like 
s t ructure , r e semb l i ng Peyer 's pa t ches in h igher ver tebrates , shou ld be recogn i sed i b idem. 
Intestinal l ympho id t i s sue is p redominan t l y f o u n d and loca ted in spiral valves (Fänge, 1986 ; 
Pe te rmann and Petr ie-Hanson, 2 0 0 6 ) . Topography and s t ruc ture of spiral valve is i l lust rated 
in Figure 4. 

Figure 4A. Spiral valve, topography, haematoxylin-eosin, magnification x40. 
Spiral valve is situated in the distal portion of the intestine, and enlarges the absorption surface. It is 
worth noted the proximity to the kidney, which is situated dorsally to the intestine. In the distal portion 
of the renal tissue, glomeruli and excretory tubules dominate, while interstial haematopoietic tissue is 
presented only marginally. 

Figure 4B. Spiral valve, haematoxylin-eosin, magnification x200. 
Aggregates of small lymphocytes are situated in lamina propria mucosae in the spiral valve. Lymphoid 
aggregates or clusters, respectively, represent an important barrier function against microbial attacks. 
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General introduction 

1.4.1.3. Other lymphoid tissues  

Clusters of c lose ly packed l ymphocy tes or only d i spersed ly d i s t r ibu ted l ymphocy tes are 
o f t en p resent in the sk in , in t h e oral or branchia l cavity. Their f unc t i on is s imi lar to tha t in 
d igest i ve sys tem, i.e. barr ier f unc t i on aga ins t microb ia l a t tacks . These l ympho id c lusters do 
not cons t i t u t e a t rue organ or t i ssue , bu t play an i m p o r t a n t role in i m m u n e sys t em. 

1.4.2. Haematopoietic organs in sturgeons  

1.4.2.1. Kidney  

In s tu rgeons , t h e kidney, espec ia l ly t h e anter ior po r t i on , is regarded to be t h e main 
h a e m a t o p o i e t i c organ (Fänge, 1986) . The k idney cons i s t s of excretory (g lomeru l i and renal 
tubu les ) and h a e m a t o p o i e t i c t i s sue (Figure 5). Interst it ial k idney t i s sue is r epor ted to be the 
source of h a e m a t o p o i e t i c s t em cel ls ( for e ry thropo ies i s , g ranu lopo ies i s and l ymphopo i es i s ) . 
Haema topo i e t i c capac i ty is grea tes t anter ior ly and decreases descendant l y . P redominant ly , 
e ry th ropo ies i s t akes p lace in the head of kidney. W i t h less f requency, g ranu lopo ies i s and 
l ymphopo i e s i s are loca ted there, t o o . In add i t i on , excretory renal t ubu l e s p r edomina t e in 
dorsa l p o r t i o n of t he k idney (Fänge, 1986 ; Charmi , 2 0 1 0 ) . 

Microscopica l ly , b las t and imma tu r e cel ls are s i t ua t ed w i th in t h e renal i n te r s t i t i um, wh i ch 
is c o m p o s e d of re t i cu loendothe l i a l cel ls and n u m e r o u s s inuses (Rober ts and Ellis, 2012 ) . 
B lood f l ow a l lows f i l t ra t ion of effete cel ls and add i t i on of new ones (Rober ts and Ellis, 2012 ) . 
A n o t h e r cel lu lar s t ructure , o f t en f o u n d interst i t ia l ly in k idney and o the r h a e m a t o p o i e t i c 
organs, is t h e me lano-macrophage cent res (MMC) (Agius and Rober ts , 2 0 0 3 ; Rober ts 
and Ellis, 2 0 1 2 ) . M M C are aggregates of dark p i g m e n t e d cel ls d i s t r ibu ted t h r o u g h o u t t he 
h a e m a t o p o i e t i c t i s sues , espec ia l ly in o lder ind iv idua ls . The p i g m e n t is dark b r o w n or black. 
The nature of p i g m e n t is t h o u g h t t o be me lan in , l i po fusc in , hemos ide r i n , or ce ro id . In hea l thy 
f ish, t h e a m o u n t of dark p i g m e n t in M M C is sma l l . N u m b e r of M M C is r is ing in case of chron ic 
stress, chron ic i n f l ammato ry cond i t i ons , s ta rva t ion , haemolys i s , and , of course , w i th ag ing. 
One exp l ana t i on shou ld cons ide r the i r role as a scavenger s y s t em (Agius and Rober ts , 2 0 0 3 ) . 
Morpho log ica l l y , M M C are usual ly nodular, c o m p o s e d of p i g m e n t e d mac rophages , may have 
a r im of l ymphocy tes . 
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Figure 5. Kidney, haematoxylin and eosin, magnification x400. 
Anterior portion of the kidney (head of the kidney) is the main haemopoietic organ in sturgeons, and 
especially erythropoiesis takes place here. Interstitial tissue, which is composed of reticuloendothelial 
cells and vascular sinuses, is the site of haematopoietic stem cells. Clusters of developing erythrocytes 
are presented. 

I.4.2.2. Spleen and liver  

The sp l een is dark red in co lour (Fänge, 1986) . Microscopica l ly , t h e f ib rous capsu le covers the 
surface, and t h e pa renchyma is c o m p o s e d of red and wh i t e pu lp . The sp len ic red pu lp cons i s t s 
of s inuso ida l phagocy t i c t i s sue in wh i ch large numbe r s of e ry throcy tes may be he ld , and foc i 
of e ry th ropo ie t i c t i ssue , wh i ch is s u p p o r t e d by f ibres. Wh i t e pu lp is r ecogn ized as foll icle-like 
s t ruc ture periarterial ly, and conta ins l ymphocy tes , g ranu locy tes , and sca t te red mac rophages . 
The per iphera l r im is c o n s t i t u t e d by n u m e r o u s eos inoph i l s and the i r precursors (Fänge, 1986) . 
Me lano-macrophage centres shou ld occu r in the sp leen (Agius and Rober ts , 2 0 0 3 ) . 

It is obv ious , t h a t cranial k idney represents t h e ma in haema topo i e t i c , and of course 
e ry th ropo ie t i c organ in s tu rgeons , respect ive ly . The sp leen is regarded a secondary l ympho id 
organ . Thus, it is r espons ib l e for d i f ferent f unc t i ons : i m m u n e defence , scavenger s y s t em, b l o o d 
reservoir. Immune de fence and scavenger f unc t i on are t h e ma in sp len ic f unc t i ons i ndeed . 

E ry thropo ies is represents one of the sp len ic func t i ons , however, in c o m p a r i s o n w i th a 
cranial k idney wh i ch is a ma in e ry th ropo ie t i c t i ssue , it acts as a supp l emen ta r y source o f 
ma tu r i ng ery throcy tes . E ry thropo ies i s is c o n s t i t u t e d by d i spersed ly d i s t r i bu ted smal l foc i of 
ma tu r i ng ery throcytes , espec ia l ly in t h e red sp len ic pu lp (Fänge, 1986) . Sp leen as a b l o o d 
reservoir enab les b l o o d cel ls t r app ing (both wh i t e and red b l o o d cells and t h r o m b o c y t e s ) and 
the i r re lease into t he b l o o d s t ream (vessels) on d e m a n d (Figure 6). 

The liver shou ld a lso be inc luded to h a e m a t o p o i e t i c organs . D ispersed ly d i s t r ibu ted is lets 
of main ly e ry t ropo ie t i c t i s sue are loca ted w i th in t he parenchyma, p redominan t l y in per ipor ta l 
areas (Figure 7). 
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General introduction 

Figure 6A. Topography of the spleen, haematoxylin and eosin, magnification x40. 
The spleen is situated in the abdominal cavity and in close proximity to the intestine anteriorly, to the 
kidneys dorsally. 

Figure SB. Spleen in detail, haematoxylin and eosin, magnification x400. 
The spleen consists of red and white pulp. Red pulp is constituted with phagocytic sinusoidal tissue 
admixed with foci of erythropoietic cells. White pulp is located periarterially and is composed of small 
lymphocytes, scattered macrophages, granulocytes and eosinophils. White circles point at melano-
macrophages located at the periphery of white pulp. 
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Figure 7. Liver, haematoxylin and eosin, magnification x400. 
Dispersedly distributed islets of erytropoietic tissue are located within the liver parenchyma (indicated by 
arrows). White circles point at melano-macrophages centres. 

I.4.2.3. Meningeal myeloid tissue  

Men ingea l mye lo id t i s sue (MMT) is be l ieved to be t h e s i te of g ranu lopo ies i s in s tu rgeons , 
it is l oca ted in t h e cranial cavity above t h e h ind part of t he brain, and anter ior t o n o t o c h o r d 
(Scharrer, 1944 ; Fänge, 1986 ; Gradi l et al., 2 0 1 4 ; Icardo, 2 0 0 2 ; Pe te rmann and Petr ie-Hanson, 
2 0 0 6 ) . M M T ex tends v en t ro l a t e r a l ^ a long centra l ne rvous sys tem unt i l t h e level of t he 
anter ior p o r t i o n of kidney. Microscopica l ly , loose ly packed free cel ls are in te rspersed w i th in 
connec t i ve t i ssue , a round smal l arter ies, and nerve bund les . The free cel ls inc lude l ymphocy tes , 
g ranu locy tes , and ery throcy tes in var ious s tages of deve l opmen t . The re lease of matu re red 
cel ls into the c i rcu la t ion is enab l ed t h r o u g h open ings in t h e wal ls of t he s inuso ids (Figure 8). 
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General introduction 

Figure 8A. Topography of meningeal myeloid tissue, magnification x40. 
Meningeal myeloid tissue (MMT) is located in the cranial cavity, forms a large mass of tissue around and 
above the hind part of the brain, and anterior to notochord (chorda dorsalis). 

Figure 8B. Meningeal myeloid tissue, magnification x600. 
Loosely packed clusters or free haematopoietic cells are dispersedly distributed within the fine connective 
tissue, sinusoids and vascular spaces (sinusoids and vascular spaces are indicated by black stars). 
Developing granulocytes, erythrocytes, thrombocytes and small lymphocytes are present in small clusters 
in MMT. Mature cells traverse the sinusoidal wall and enter the circulation. Black arrow points at melano-
macrophage centre (note the thin cytoplasmic protrusions resulting in star shape of melano-macrophage 
centre). 

I.4.2.4. Cardiac myeloid tissue  

Macroscopica l ly , cardiac mye lo id t i s sue (CMT) covers t h e ep i ca rd ium, is greyish or p ink 
in colour, and nodu la r in a r rangement . Microscopica l ly , c lose ly packed cel ls (p redominant l y 
granu locytes , mac rophages and l ymphocy tes as wel l as a smal l n u m b e r of a d m i x e d 
ery throcytes ) are separa ted by venous or l ymphat i c s inuses . Thus, CMT is a c o m p l e x lympho-
h a e m o p o i e t i c organ (Fänge, 1986 ; Icardo et al., 2 0 0 2 ; Gradil et al., 2 0 1 4 ) (Figure 9) . CMT plays 
an i m p o r t a n t role in e s t ab l i shmen t and ma in t enance of t he i m m u n e r e sponses . S o m e s tud ies 
proved t h e p resence of p l a sma cel ls in CMT espec ia l ly af ter i m m u n i z a t i o n ( Pe te rmann and 
Petr ie-Hanson, 2 0 0 6 ) . In s o m e aspec ts , t he s t ruc ture of CMT is s imi lar to the thymus , one 
theo r y sugges t s CMT to be a mod i f i ed t h y m u s w i th extra e ry th ropo ie t i c capabi l i ty, w i t h o u t 
the p resence of Hassa l l ' s bod i e s in s t ruc ture r e semb l i ng medu l l a (Icardo et al., 2 0 0 2 ) . CMT 
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simi lar ly to t h e t h y m u s unde rgoes the a t rophy by the t i m e s tu rgeons reach sexua l matur i ty . In 
adul ts , CMT mic roscop ica l l y r esemb les avian lymph-node-l ike s t ruc ture (Fänge, 1986) . 

Figure 9A. Cardiac myeloid tissue, haematoxylin-eosin, magnification x200. 
Cardiac myeloid tissue covers the epicardium, and is lobular and nodular in an arrangement. It is 
composed of closely packed cells including granulocytes, macrophages, small lymphocytes and a small 
number of admixed erythrocytes. Cellular component is separated by venous or lymphatic sinuses and 
bands of fibrous tissue. The presence of fibrous bands increase with time and is connected with age 
related cardiac myeloid tissue atrophy. 

Figure SB. Cardiac myeloid tissue, haematoxylin-eosin, magnification x400. 
Closely packed granulocytes, macrophages, small lymphocytes constitute aggregates which are separated 
by thin vascular and lymphoid sinuses. 
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1.5. Blood cells 

1.5.1 Erythrocytes  

The f ish e ry throcy tes are s imi lar in s ize and t inc tor ia l p roper t i es t o tha t of t he h igher 
ver tebra tes . E ry throcytes represent t he d o m i n a n t b l o o d cel ls c o m p o n e n t in s tu rgeons 
( 1 . 2 3 x 1 0 1 2 / l ) . E ry throcytes are nuc lea ted cel ls w i t h central ly l oca ted nuc le i . Al l d e v e l o p m e n t a l 
s tages of ery throcytes , i nc lud ing b lasts , may be seen in t h e per iphera l b l o o d , such f ind ing is 
conce rned to be phys io log ica l (Rober ts and Ellis, 2 0 1 2 ; S v o b o d o v a et al., 2 0 1 2 ) . It shou ld be 
no ted , t ha t in t h e per iphera l b l o o d , under phys io log i ca l cond i t i on , t h e n u m b e r of b las ts is low, 
and usual ly no t exceed ing 1-2% f rom all e ry throcy tes ( S vobodova et al., 2 0 1 2 ) . By contras t , 
increas ing n u m b e r of immatu re e ry throcy tes shou ld po in t ou t t h e pa tho log i ca l cond i t i on , 
such as hypox ia , p o i s o n i n g , d i seases ( S vobodova et al., 2 0 1 2 ) . 

1.5.2. Leukocytes  

Leukocy tes are nuc lea ted cells and to ta l n u m b e r of l eukocy tes vary in w i d e phys io log ica l 
ranges (14-40 x 1 0 V L ) d e p e n d i n g on externa l cond i t i ons (e.g. wa te r chemistry , t empera tu re , 
f eed ing , l ight reg imen) and internal cond i t i ons (e.g. p lo idy level , age, sex, h o r m o n a l s ta tus , 
genera l hea l th cond i t i on ) . 

Wh i l e pe r f o rm ing di f ferent ia l wh i t e b l o o d cell count , l ymphocy tes , m o n o c y t e s and 
granu locy tes are r e cogn i zed . Lymphocy tes d o m i n a t e in di f ferent ia l c o u n t (make up 7 0 - 8 6 % ) , 
are r espons ib l e for the i m m u n e response , and are d iv ided into smal l and large ones , us ing 
the cr i ter ia of cell s ize (Ellis, 1977 ; Zex ia et al., 2 0 0 7 ; Know les et al., 2 0 0 6 ; S v o b o d o v a et 
al., 2 0 1 2 ) . L ymphocy tes are round or spher ica l . The nuc leus occup i e s a l m o s t t he w h o l e cel l , 
only a nar row r im of basoph i l i c c y top l a sm remains a round t h e nuc leus . Major i ty of c i rcu la t ing 
smal l l ymphocy tes appears as inact ive cel ls. L ymphocy tes are s t imu la t ed to ac t ion by spec i f ic 
an t igens . Thus, large l ymphocy tes represent d i f ferent func t i ona l s tate , and p l a sma cel ls are 
be l ieved to be ma tu red l ymphocy tes (Know les et al., 2 0 0 6 ; Rober t s and Ellis, 2012 ) . 

M o n o c y t e s are large cel ls w i th p rom inen t eccentr ica l ly l oca ted horseshoe-shaped nuc leus , 
s l ight ly basoph i l i c and vacuo l a t ed c y top l a sm (Pal ikova et al., 1999 ; Know les et al., 2 0 0 6 ; 
S v o b o d o v a et al . , 2 0 1 2 ) . C o u n t i n g f rom all l eukocy tes , m o n o c y t e s cons t i t u t e 1-2%. 

Granu locy tes are c lass i f ied as neut roph i l s , eos inoph i l s and basoph i l s a cco rd ing to the i r 
ultra s t ructura l and h i s tochemica l g rounds (Ellis, 1977 ; A i n s w o r t h , 1992 ; Petr ie-Hanson and 
Peterman, 2 0 0 5 ) . Generally, in f ish under phys io log i ca l cond i t i ons , basoph i l s s e e m to be 
rare cell s u b p o p u l a t i o n (Pal ikova et al . , 1999 ; Zex ia et al., 2 0 0 7 ; S v o b o d o v a et al., 2012 ) . 
Basoph i l s cons t i t u t e less t h a n 1 % of all l eukocy tes , basoph i l i c granules shou ld be de t e c t ed 
in t he cy top l a sm (Rober ts and Ellis, 2 0 1 2 ) . Contrary to t h e basoph i l s , neu t roph i l s dom ina t e 
in di f ferent ia l counts , make up 1 0 - 2 0 % of all l eukocy tes , or up to 7 5 - 8 0 % f rom granu locy tes , 
respect ively. Neut roph i l s vary in shapes , t h e nuc leus is s l ight ly basoph i l i c , may occur as band or 
may be two- or severa l-segmented . Their c y top l a sm is amph iph i l i c in bas ic cy to log ica l s ta in ing 
procedures , e.g. w h e n us ing Hemacolor® Rapid s ta in ing set . Neut roph i l s are phagocy t i c , 
c hemo ta c t i c and bacter ic ida l (Rober ts and Ellis, 2 0 1 2 ) . 

Eos inoph i l s are c o m m o n l y f o u n d in b l o o d smears of s tu rgeons . C o u n t i n g f rom all l eukocy tes , 
eos inoph i l s represent 5-6% , or 1 5 - 2 0 % f r om granu locy tes , respect ively . Their c y top l a sm 
conta ins easi ly r ecogn izab le eos inoph i l i c granules . The nucle i are basoph i l i c , may occur as 
bands or may be two- or severa l-segmented (A inswor th , 1992 ; S v o b o d o v a et al., 2 0 1 2 ) . The 
n u m b e r of eos inoph i l s increase in paras i t ic d i seases (Rober ts and Ellis, 2012 ) . 
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1.5.3. Thrombocytes  

Currently, t h r o m b o c y t e s represent a separa te and an i n d e p e n d e n t g roup of b l o o d cells 
based on t h e di f ferent or ig in and di f ferent f unc t i ons c o m p a r i n g the l eukocy tes . Thus, t he 
t h r o m b o c y t e s shou ld no t be encoun te r ed into l eukocy te coun t s as was pe r f o rmed by s o m e 
sc ien t i s t s (e.g. Know les et al., 2 0 0 6 ; Zex ia et al., 2 0 0 7 ) . Th rombocy tes are nuc lea ted cel ls, 
occur as s ing le cel ls or f o rm c lusters or smal l g roups . Di f ferent shapes are r ecogn ized - round , 
oval , f u s i f o rm, sp ind le shape , d e p e n d i n g on the a m o u n t of t he c y top l a sm ( S vobodova et al., 
1986 ; Pal ikova et al., 1999 ; P iackova et al., 2 0 1 4 ) . Th rombocy tes are respons ib l e for b l o o d 
c l o t t i ng and play an i m p o r t a n t role in p revent ing t h e loss of t i s sue f lu ids f rom injuries. Their 
n u m b e r is s imi lar t o the n u m b e r of l eukocy tes . 
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A B S T R A C T : Histological examination of thymi from juvenile Acipenser ruthenus and Acipenser brevirostrum after 
haematoxylin and eosin staining revealed the presence of Hassalľs corpuscles, in a scattered distribution within the 
thymic medulla in two of seven, and one of nine examined specimens, respectively. Morphologically, the Hassalľs 
corpuscles were of the juvenile and premature type and no degenerative changes were seen. 

Keywords: Acipenser ruthenus; Acipenser brevirostrum; histology; thymus 

The thymus in fish is a paired lymphoepithelial 
organ lying on the upper inside edge of the oper
culum, just beneath the cuboidal or flat epithelium 
covering the branchial cavity (Roberts and Ellis 
2012). Embryologically, the thymus is derived from 
the third pharyngeal pouch. Thymi in sturgeons 
persist until the fish reach sexual maturity. Later, 
these undergo age-related atrophy (Fange 1986). 

Histologically, the thymus is lobulated and organ
ised in the outer cortex enclosing the central medulla 
(Petrie-Hanson and Peterman 2005). A diversity of 
different cell types is found within the thymus. The 
cortex is predominantly composed of closely packed 
lymphocytes. The medulla is composed of sparsely 
organised lymphocytes, macrophages, reticular cells 
and Hassall's corpuscles that have a disperse distri
bution (Fange 1986; Petrie-Hanson and Peterman 
2005; Peterman and Petrie-Hanson 2006). 

Hassall's corpuscles are components of the non-
lymphocytic microenvironment of the thymic me
dulla. Histologically, the corpuscles are rounded 
or spherical epithelial structures varying in size. 
They are composed of eosinophilic reticuloepithe-
lial cells, often concentrically arranged. The central 
part of the corpuscle may undergo the process of 
degeneration. Regressive changes including hyalin-

isation, calcification and cyst formation can also be 
observed. The number of Hassall's corpuscles may 
vary according to the age, the course of disease or 
the presence of stress (Furukawa 2012). Mammalian 
Hassall's corpuscles may be divided into four types 
according to their morphology: juvenile, premature, 
mature and senescent (advanced) type (Asghar et 
al. 2012). The juvenile type represents the early de
velopmental stage of Hassall's corpuscles, in which 
one or two reticuloepithelial cells are arranged in 
a cluster. The premature stage is represented by 
small groups of hypertrophic cells showing early 
processes of keratinisation, but without the evident 
tendency to concentric arrangement, or a flattened 
appearance. In the mature type, the reticuloepithe
lial cells are flattened, and concentrically arranged 
around the mixture of keratin and degenerated lym
phocytes and macrophages. In the advanced stage, 
Hassall's corpuscles demonstrate varying degrees 
of material deposition both in the centre as well 
as on the periphery of the corpuscle. The shape of 
the corpuscle seems to be distorted, and in some 
cases the tendency of corpuscles to fuse is evident. 
Regressive changes including cystic space forma
tion, and pronounced hyalinisation or calcification 
are often present (Asghar et al. 2012). 
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Table 1. Length, weight and age characteristics of histologically examined fish 

„ . Total length (mm) 
range/median 

Total weight (g) 
range/median 

Age (months) 
range/median 

No. 
of specimens 

Acipenser ruthenus 136-480/180 9-180/28 6-19/14.5 7 
Acipenser brevirostrum 100-140/120 3-12/6.5 2.5-11/6.25 9 

M A T E R I A L A N D M E T H O D S 

The study material comprised seven juvenile 
functionally diploid (2n) specimens of Acipenser 
ruthenus and nine juvenile functionally hexaploid 
(6n) specimens of Acipenser brevirostrum originat
ing from the hatchery of the Faculty of Fisheries 
and Protection of Waters, University of South 
Bohemia, Czech Republic. Length and weight char
acteristics of the examined fish are given in Table 1. 
The study was carried out in accordance with the 
Czech Law No. 246/1992 regarding animal welfare. 
Protocols underwent an ethical review process at 
the University of South Bohemia animal care com
mittee (PP3/FROV/2012; in Czech). Fish were sac
rificed with all efforts made to minimise suffering. 
Clove oil in the amount of 30-40 mg/1 was used 
for anaesthesia; subsequently, a double dose was 
used for euthanasia. Whole specimens were fixed 
in 10% neutral-buffered formalin. After fixation, 
specimens were cut vertically, and in three cases 
horizontally as well. The tissue was embedded in 
paraffin, conventionally processed and stained with 
haematoxylin and eosin (H-E), Giemsa and periodic 
acid-Schiff staining. Alcian blue staining was done 
in one case, and mucin staining was performed in 
four cases. Obtained slides were inspected under an 

Figure 1. Histological section of the thymus of the 
juvenile sterlet, Acipenser ruthenus after staining with 
haematoxylin-eosin, under x 400 magnification. Has-
sall's corpuscle is presented as an inset in the figure 

Olympus BHS microscope, recorded with a 3CCD 
Sony DXC-9100P colour camera and processed in 
Olympus Microimage v. 4.0 software. 

RESULTS 

Thymi were found in sixteen specimens, and were 
examined histologically The thymi were lobulated 
and were composed of the outer cortex and the inner 
medulla. In two of the seven specimens of Acipenser 
ruthenus (one 6-month-old and one 14-month-old 
sterlet), and one of nine specimens of Acipenser 
brevirostrum (8.5-month-old), Hassall's corpuscles 
were found, dispersed within the thymic medulla. 
Hassall's corpuscles were round or oval in shape 
and eosinophilic in H-E staining (Figures 1 and 2). 
Their size, i.e. diameter of round corpuscles and 
the maximum and minimum diameters of the oval 
ones was 36 um, and 20 um x 78 um, respectively 
The cytoplasm was slightly granular. According to 
the mammalian criteria for morphological assess
ment, only the juvenile and the premature type of 
Hassall's corpuscles were observed. They consisted 
of small clusters of reticuloepithelial cells without 
signs of keratinisation and flattening, or clusters 
of hypertrophic reticuloepithelial cells with early 

Figure 2. Histological section of the thymus of juvenile 
Acipenser brevirostrum after staining with haematoxy
lin-eosin, under x 400 magnification. Hassall's corpuscle 
is presented as an inset in the figure 
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stages of keratinisation. Mucin staining was nega
tive in the premature stage of Hassall's corpuscles. 
No tendency of corpuscles to fuse was found; the 
Hassall's corpuscles did not exhibit any degenera
tive changes. 

DISCUSSION 

Bearing the name of the British physician Arthur 
Hil l Hassall, who first described these structures in 
1849 in the thymi of children (Hassall 1849), Hassall's 
corpuscles are commonly found in the thymic me
dulla in different animals. They were described in 
lungfish (Mohammad et al. 2007), in teleosts (Bowden 
et al. 2005) and in mammals (Furukawa et al. 2012). 

Among acipenseriform fish, they were reported 
only in American paddlefish Polyodon spathula 
(Walbaum 1792) (Petrie-Hanson and Peterman 
2005). Histological examination of the lymphoid 
tissue was performed on the specimens at the age 
of 18 months post-hatch. Whorls of epithelial cells 
and early Hassall's corpuscles were noted within 
Polyodon thymi (Petrie-Hanson and Peterman 2005). 

Sturgeon lymphoid organs were described by Fange 
(1986). His study included 20 specimens of the Pacific 
white sturgeon (Acipenser transmontanus), with body 
weights ranging from 60.8 to 33 200 g. Some of the 
specimens were caught in the wild. Hatchery-reared 
young hybrid sturgeons {Huso huso x Acipenser ru-
thenus), were also included in the study. Additionally, 
thymi were found and examined in three specimens 
of Acipenser transmontanus (body weights varying 
between 179 and 33 200 g, ages varying between 
half a year and two and a half years, one specimen 
was caught in the wild and was of unknown age) and 
Hassall's corpuscles were not found. Thymic atrophy 
related to age was noted in one specimen. 

Our observation in juvenile Acipenser ruthenus and 
Acipenser brevirostrum seems to be the first descrip
tion of Hassall's corpuscles in sturgeons. Juvenile and 
premature stages of Hassall's corpuscles were found. 
We propose to extend the histological and immuno-
histochemical examinations of these thymi. 

Veterinární Mediána, 61, 2016 (8): 464-466 

doi: 10.17221/247/2015-VETMED 

Acknowledgement 

The authors wish to acknowledge the technical 
assistance of Mrs Jindřiška Procházkova from the 
Department of Pathology and Molecular Medicine, 
2 n d Medical Faculty, Charles University in Prague. 

REFERENCES 

Asghar A, Yunus MS, Faruqi A N (2012): Polymorphism of Has
sall's corpuscles in thymus of human fetuses. International 
Journal of Applied and Basic Medical Research 2, 7-10. 

Bowden TJ, Cook P, Rambout J H W M (2005): Development 
and function of the thymus in teleosts. Fish and Shellfish 
Immunology 19, 413-427. 

Fange R (1986): Lymphoid organs in sturgeons (Acipenseri-
dae). Veterinary Immunology and Immunopathology 12, 
153-161. 

Furukawa S, Wingenfeld L, Morita S, Takay A, Nakagawa T, 
Sakaguchi I, Matsuda W, Nishi K (2012): Histochemical and 
morphological characteristics of the Hassall's corpuscles. The 
stress affects involution of the ectopic intra-thyroidal and the 
normal position thymus and morphological changes of the 
Hassall's corpuscles. Journal of Forensic Research 2012,3-9. 

Hassall A H (1849): The microscopic anatomy of the human 
body. In: Health and Disease. Samuel Highley, London. 
281 pp. 

Mohammad M G , Chilmonczyk S, Birch D, Aladaileh S, Raftos 
D, Joss J (2007): Anatomy and cytology of the thymus in 
juvenile Australian lungfish, Neoceratodus forsteri. Journal 
of Anatomy 211, 784-797. 

Peterman AE, Petrie-Hanson L (2006): Ontogeny of American 
paddlefish lymphoid tissue. Journal of Fish Biology 69, 
72-88. 

Petrie-Hanson L, Peterman A E (2005): American paddlefish 
leukocytes demonstrate mammalian-like cytochemical 
staining characteristics in lymphoid tissues. Journal of Fish 
Biology 66, 1101-1115. 

Roberts RJ, Ellis AE (2012): 2. The anatomy and physiology 
of teleosts. In: Roberts RJ (ed.): Fish Pathology. 4 t h edn. 
Wiley-Blackwell, Oxford. 17-62. 

Received: 2015-11-15 
Accepted after correction: 2016-06-10 

Corresponding Author: 

Eva Salkova, University of South Bohemia in Ceske Budějovice, Faculty of Fisheries and Protection of Waters, 
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, Zatisi 728/11, 389 25 Vodnany, 
Czech Republic 
E-mail: salkoe00@frov.jcu.cz 

466 

-35-

mailto:salkoe00@frov.jcu.cz




CHAPTER 3 

IMMUNOHISTOCHEMICAL MAPPING OF THYMIC MICROENVIRONMENT IN 
STERLET (ACIPENSER RUTHENUS) 

Sa lkova, E., Flajshans, M., S te inbach , C , 2 0 2 0 . Immunoh i s to chem i ca l m a p p i n g of thym ic 
m i c roenv i ronmen t in s ter le t (Acipenser ruthenus). Vet . M e d . 65 , 3 0 1 - 3 0 8 . 
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Abstract: In this study, we describe the immunohistochemical characterisation of the thymus, the main lymphoid 
organ, in sturgeon. The wide range cytokeratin, vimentin, S-100 protein, L C A (CD45) and C D 3 were selected as 
the immunohistochemical markers to map the thymus in juvenile sterlet (Acipenser ruthenus). The epithelial cells 
and Hassalľs corpuscles were labelled with a wide range cytokeratin. The fibroblasts and connective tissue within 
the thin fibrous capsule on the thymic surface expressed vimentin positivity. The stromal reticular cells were 
S-100 protein positive. The Leukocyte Common Antigen L C A (CD45) was negative on the thymic lymphocytes. 
The C D 3 was negative on the thymic lymphocytes with cross-reactivity on the non-targeted structures. In conclu
sion, the commercially available antibodies against the wide range cytokeratin, vimentin and S-100 protein can 
be used to differentiate components of the sturgeon thymus, while the L C A (CD45) and C D 3 application failed. 
We suggest that further studies are needed to generate fish specific antibodies. 

Keywords: C D 3 ; Hassalľs corpuscles; L C A (CD45); S-100 protein; vimentin; wide range cytokeratin 

The thymus is considered as the primary lym- the surface of the thymus is covered with a fine 
phoid organ in sturgeons, Acipenseridae (Petrie- fibrous capsule. The thymus is lobulated and con-
Hanson and Peterman 2005; Peterman and sists of an outer cortex and the inner medulla, with 
Petr ie-Hanson 2006). The thymus is a paired a diverse range of cell types within its microenvi-
lymphoepithelial organ situated on the upper ronment (Salkova and Flajshans 2016). The epithe-
inside edge of the operculum in close proximity lial cells constitute a fine epithelial intra-thymic 
to the branchial cavity and pharyngeal epithelium network (Mohammad et al. 2007; Gradi l et al. 
(Bowden et al. 2005; Salkova and Flajshans 2016). 2014), while closely packed lymphocytes dominate 
Thymi persist until the fish reach sexual maturity, the cortex. The medulla consists of sparsely organ-
later the thymus undergoes age-related atrophy. ised lymphocytes, macrophages, reticular cells, 
From an evolutionary perspective, the interaction fibroblasts and dispersedly distributed Hassall's 
of three embryonic germ layers (ectoderm, endo- corpuscles (Bowden et al. 2005; Petrie-Hanson and 
derm and mesoderm) takes place during the thymic Peterman 2005; Peterman and Petrie-Hanson 2006; 
development (Bowden et al. 2005). Histologically, Salkova and Flajshans 2016). 

Supported in parts by the Ministry of Education, Youth and Sports of the Czech Republic projects C E N A K V A (LM2018099), 
Biodiversity (CZ.02.1.01/0.0/0.0/16_025/0007370) and PROFISH (CZ.02.1.01/0.0/0.0/16_019/0000869). 
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Currently, few studies have reported histologi
cal and ultrastructural examinations of the thymus 
in acipenserid fishes (Petrie-Hanson and Peterman 
2005; Peterman and Petrie-Hanson 2006; Gradil 
et al. 2014; Salkova and Flajshans 2016). To the best 
of our knowledge, there is no literature concern
ing the immunohistochemical (IHC) mapping 
of the thymic microenvironment in sturgeons. 

Immunohistochemistry is a method which detects 
expression of markers in tissues and organs by apply
ing mono- or polyclonal antibodies against antigens 
(Ramos-Vara et al. 2008). Currently, Mohammad 
et al. (2007) have studied the application of IHC 
on the thymus of Australian lungfish, Neocemtodus 
forsterl. They described the immunohistochemi
cal examination of the cytoskeletal proteins (cy-
tokeratins, desmin, vimentin, actin and tubulin) 
in the thymic epithelial cells and found that 
the positivity of each antibody differed depending 
on the location within the thymus (capsule, cortex, 
medulla). The study helped to define seven catego
ries of thymic epithelial cells in lungfish. 

In the present study, a wide spectrum of mark
ers was examined in order to characterise the spe
cific cell types located within the thymus of sterlet 
(Acipenser ruthenus). This immunohistochemical 
study followed the study of Salkova and Flajshans 
(2016), describing a histological investigation 
of the thymus and Hassan's corpuscle in sturgeon. 
Moreover, this study examined application of com
mercially available antibodies in ichthyological 
practice. We applied antibodies against markers 
representing the main components of the thymic 
structure: a wide range cytokeratin to map the epi
thelial components, vimentin to highlight the mes
enchymal components, the S-100 protein to map 
the neuroectodermal constituents, and the L C A 
(CD45) and C D 3 to map the thymic lymphoid 
elements. 

M A T E R I A L A N D M E T H O D S 

Fish 

A six-month-old functionally diploid (2n) speci
men of sterlet (TL = 14 cm, BW = 28 g) was obtained 
from the hatchery of the Faculty of Fisheries and 
Protection of Waters (FFPW), University of South 
Bohemia (USB), Czech Republic for the histologi
cal and immunohistochemical examination. This 
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study was conducted in accordance with Czech Law 
No. 246/1992 on animal welfare. The Institutional 
A n i m a l Care and Use Commit tee ( I A C U C ) 
of the University of South Bohemia, Faculty of 
Fisheries and Protection of Waters (USB FFPW) 
in Vodnany, supervised and approved the scien
tific protocol. The USB F F P W has approval from 
the Ministry of Agriculture of the Czech Republic 
for the handling and usage of experimental ani
mals, Ref. No. 16OZ15759/2013-17214. Clove oil 
(30-40 mg/1) was used for the anaesthesia, while 
a double dose was used for the euthanasia. 

Histological preparations 

The whole specimen was fixed in 10% neutral-
buffered formalin. After fixation, the sterlet was 
vertically cut. The tissues were embedded in paraf
fin, conventionally processed, and stained with hae-
matoxylin and eosin (HE). The obtained slides were 
inspected under an Olympus BHS microscope, and 
a proper paraffin block containing the thymus was 
chosen for the I H C examination. The identifica
tion of Hassall's corpuscle in the thymus was based 
on the description of Salkova and Flajshans (2016). 
Tissue sections with a thickness of 4 um were used 
for the IHC. 

Studied antibodies 

The wide range cytokeratin (clone KL1), S-100 
protein, vimentin, L C A (CD45), CD3 were used 
to map the components of the thymic microen
vironment. The antibodies used in this study and 
their characteristics are summarised in Table 1. A l l 
the antibodies have been routinely used in human 
medicine, of mammalian origin and specifically 
designed to target antigens located on human cells. 

Immunohistochemical examination 

The immunohistochemical examination followed 
specific protocols developed by investigators and 
antibody suppliers, so that the heat-induced antigen 
retrieval procedure (LCA, CD3), or direct antibody 
application with endogenous enzymatic blockage 
(cytokeratin, vimentin, S-100 protein) were used. 
Each antibody dilution was performed individu
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Table 1. The characteristics of the selected antibodies applied to the thymus of the sterlet (Acipenser ruthenus) 

Antibody Supplier Clone Antigen source Dilution Isotype control 
Wide range cytokeratin Immunotech KL1 polyclonal 1 : 100 IgGi 
Vimentin Roche V9 monoclonal mouse RTU IgG 2 a/K 

S-100 Roche 4C4.9 monoclonal mouse RTU IgG/K 

Leukocytes common antigen 
L C A (CD45) 

Dako 2B11 + PD7/26 monoclonal mouse 1 :400 IgGi/K 

CD3 Dako F7.2.38 monoclonal mouse 1 : 100 IgGi/K 

R T U = ready to use 

ally and was adjusted in accordance with the sup
plier guidelines and laboratory expertise (Table 1). 
The application of the primary antibody was fol
lowed by the overnight incubation in a humidity 
chamber at 4 °C. A detection system was used 
to bind with the primary antibody. The antigen-
antibody complex was visualised using chromogen 
3-3' diaminobenzidine tetrahydrochloride (DAB). 
Therefore, a positive result created a brown end-
product. Harris' haematoxylin was used to perform 
the nuclear counterstaining. 

Human tissues, (including the tonsil and ap
pendix) that are known to be reactive for the in 
vestigated marker, were used as positive controls. 
The internal tissue control was conducted while 
evaluating the immunohis tochemica l slides. 
The results of the immunostaining were con
cluded as either negative or positive. The staining 
pattern (nuclear, cytoplasmic and membrane) was 
described for each marker. The intensity of the 
positive reaction was evaluated in accordance with 
the three-degree scale: weak (+), moderate (++), 
and strong (+ ++) positivity. Any other reactions 
(atypical or cross-reaction) were documented. 
The slides were evaluated independently by two 
observers (ES, CS). 

RESULTS 

The histological examination revealed a lobu-
lated thymus, covered by a fine fibrous capsule 
on the surface, and consisted of an outer cortex 
and inner medulla. 

Wide range cytokeratin 

Wide range cytokeratin labelled the epithelial 
components: a fine network of epithelial cells and 

Hassall's corpuscles revealed moderate membra
nous positivity. 

A positive internal control was approved on the 
flat/cuboidal epithelium covering the branchial 
cavity, on the squamous epithelium in the oral cav
ity and on the stratified squamous epithelium 
of the skin (Figure 1A). 

Vimentin 

Vimentin labelled the fine fibrous capsule on the 
thymic surface with strong cytoplasmic intensity 
(Figure IB). A positive internal control was ob
served on the basement membrane of the skin. 

S-100 protein 

The S-100 protein revealed a strong cytoplas
mic positivity on the stromal reticular cells within 
the cortex and medulla (Figure 1C). A positive in
ternal control was observed on the adjacent pe
ripheral nerve and the peripheral ganglion, i.e., the 
nerve fibres revealed a strong cytoplasmic positiv
ity, whereas the neurons, composing the peripheral 
ganglion, were negative. 

A positive internal control was found on the af
ferent nerve fibres accompanying the taste buds 
in the oral cavity. 

L C A (CD45) 

The L C A (CD45) was negative on the targeted 
structures, i.e., the thymic lymphoid elements were 
negative. Simultaneously, negativity was noticed 
on the leukocytes located within the connective 
tissue adjacent to the skin and leukocytes within 
the gills. 
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Figure 1. The immunohistochemical examination of the thymus in the sterlet (Acipenser ruthenus). (A) Wide range 
cytokeratin, clone K L 1 (magnification x 40; scale bar 50 |jm). The fine network of epithelial cells revealed moderate 
membranous positivity (arrowhead); the fine network is presented as an inset in the figure in the upper right corner. 
Hassall's corpuscles reacted with strong positivity (arrows). A positive internal control was observed on the epi
dermis and on the flat/cuboidal epithelium covering the adjacent branchial cavity (star). (B) Vimentin (magnifica
tion x 20; scale bar 200 |im). The thin fibrous capsule on the thymic surface revealed strong cytoplasmic positivity 
(indicated by the arrows). A positive internal control was observed on thin basement membrane in the skin (star). 
(C) S-100 protein (magnification x 60; scale bar 50 |jm). The stromal reticular cells within the cortex and medulla 
revealed strong cytoplasmic positivity (arrowheads). A positive internal control was presented on the adjacent 
peripheral nerve (positivity on nerve fibres) located in close proximity to the thymus (arrow). (D) CD3 (magnifica
tion x 20; scale bar 200 |im). The thymic lymphocytes were negative. A cross-reaction was noticed on the adjacent 
non-targeted structures: the stars pointed at the muscular fibres, the arrowhead at the supportive tissue in the gill 
lamellae, the arrow at the neurons within the peripheral ganglion 

C D 3 DISCUSSION 

The CD3 was negative on the targeted thymic 
lymphocytes. The cross-reactivity with an altered 
staining pattern (cytoplasmic instead of membra
nous positivity) was revealed on the non-targeted 
tissues including the neurons in the peripheral 
ganglion, the striated muscle fibres and myocar
dium, the scattered developmental stages of gran
ulocytes wi th in the meningeal myeloid tissue 
(Figure ID). 

Cytokeratins are intermediate filament proteins 
that contribute to the cytoskeleton of epithelial 
cells. There are two large families of cytokera
tins, acidic and basic cytokeratins, but all contain 
the same basic domain (Schaffeld et al. 2001). 
Cytokeratins are expressed in epithelial cells. 
According to the knowledge from human research, 
individual human cytokeratins are numbered 1 to 
20. Anti-cytokeratin antibody applications in ich-
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thyology is well documented. Generally, com
mercially available antibodies originally produced 
for human medicine have been applied in fish tis
sues. Several studies are mapping the occurrence 
of cytokeratins in different types of epithelial 
cells under physiological conditions, i.e., Schmitz 
(1998) tested the polyclonal anti-keratin anti
body in the notochord cells of shortnose sturgeon 
{Acipenser brevirostrum), West African lungfish 
(Protopterus annectens) and yellow perch (Perca 
flavescens). Garcia et al. (2005) performed a study 
to analyse the keratin occurrence in carp and gold
fish (Carassius auratus) within different epithelial 
tissues (skin, fin tip, gill, liver) and compared the re
sults with zebrafish {Danio rerio) and rainbow trout 
(Oncorhynchus mykiss). Ng et al. (2005) prepared 
a study concerning the formation of the digestive 
system in zebrafish using an anti-pan-cytokeratin 
antibody to highlight the intestinal epithelium 
morphogenesis. Bunton (1993) tested the anti-
cytokeratin antibodies (cytokeratin A E , M A K - 6 and 
C A M 5.2) in multiple fish tissues in striped bass 
(Morone saxatilis) and medaka {Oryzias latipes). 
Moreover, there are studies describing the anti-
cytokeratin antibody application to perform a tu
mour identification and classification, i.e., Iaria 
et al. (2019) applied the anti-cytokeratin antibody 
in bream (Abramis brama) to confirm papilloma. 
Yasumoto et al. (2015) performed an immunohisto
chemical study in common carp (Cyprinus carpio) 
using a spectrum of antibodies including anti-
pan-cytokeratin to perform the diagnosis of un
differentiated gonadal carcinoma. Only a small 
number of studies described the applicat ion 
of fish-specific antibodies designed and produced 
by the scientist themselves [Pan et al. (2000) 
in stomachless fishes]. The application of fish-
specific antibodies is thought to avoid the nega
tivity/non-reactivity or cross-reaction, respectively 
(Ramos-Vara et al. 2008). 

In this study, we have shown that the fine network 
of thymic epithelial cell and juvenile and premature 
Hassan's corpuscles were cytokeratin positive. Our 
finding was, thus, in agreement with the immuno
histochemical studies performed on lungfish thymi 
(Mohammad et al. 2007) and human thymi (Raica 
et al. 2006). 

Vimentin is an intermediate-sized filament and 
helps to constitute the main part of the cellular cy-
toskeleton (Herrmann et al. 1996). Among mam
mals, birds, reptiles, amphibians and teleost fishes, 
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vimentin shares an extensive amino acid sequence 
homology (Schaffeld et al. 2001). Moreover, despite 
the highly conserved primary structure, the expres
sion pattern of vimentin in fish is different than 
in mammals (Herrmann et al. 1996). Reportedly, 
the environmental temperature is an important 
principle for the fine primary protein structure set
ting (Herrmann et al. 1996; Schaffeld et al. 2001). 
Vimentin reacts with cytoplasmic positivity and is 
reported to be expressed in most cells of mesenchy
mal origin, including fibroblasts, endothelial cells, 
melanocytes, smooth muscle cells and is regarded 
to be a sensitive and specific marker for mesen
chymal derivation and differentiation (Schaffeld 
et al. 2001; Iaria et al. 2019). Vimentin reacts with 
cytoplasmic positivity. Iaria et al. (2019) applied 
an anti-vimentin antibody to identify tumours 
in fish: vimentin positivity obtained in sand steen-
bras helped to perform the diagnosis of a dermal 
fibroma. In contrast, vimentin negativity contrib
uted to conclude the diagnosis of an undifferen
tiated carcinoma in carp (Yasumoto et al. 2015). 
In this study, the thin fibrous capsule on the thymic 
surface reacted positively, just as the other struc
tures of mesenchymal origin (basement membrane 
of the skin). 

The S-100 proteins play an important role in cell 
physiology involving various cellular activities 
such as signal transduction, cell differentiation, 
gene transcription, calcium homeostasis and cell 
cycle progression (Fonseca et al. 2011). The S-100 
protein family is comprised of 20 members (pri
marily described in humans), they are highly sim
ilar in structure, but exhibit distinctive patterns 
of cell and tissue distribution (Fonseca et al. 2011). 
The S-100 protein results in cytoplasmic positivity 
and is reportedly expressed in cells of neuroecto
dermal origin (Sandulescu et al. 2011; Iaria et al. 
2019), as well as on the antigen-presenting cells, 
such as stromal reticular cells within the thymus 
(Raica et al. 2006). Application of the antibody 
against the S-100 protein contributed to the diag
nosis of melanoma in an Xiphophorus hybrid and 
schwannoma in a crucian carp (Carassius caras
sius) (Iaria et al. 2019). In our study, the thymic 
stromal reticular cells revealed strong cytoplas
mic S-100 protein positivity. However, Raica et al. 
(2006) described S-100 protein positivity in human 
Hassan's corpuscles, while, in our study, no positiv
ity was expressed in Hassall's corpuscles. The dif
ferent antibody clone application, heat-induced 
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epitope retrieval, incubation times or different 
developmental stages in Hassall's corpuscles might 
explain the conflicting results (Ramos-Vara et al. 
2008). Moreover, no background cross-reactivity 
was observed in the abovementioned markers 
in the sturgeon tissue. 

The leukocyte common antigen ( L C A , CD45), 
a transmembrane protein tyrosine phosphatase, is 
expressed in haematopoietic cells. L C A plays an im
portant role in the maturation and differentiation 
of B- and T-lymphocytes, T-cells without L C A can
not respond to the antigen. In mammals, L C A la
bels the thymic lymphocytes (Kurtin and Pinkus 
1985). L C A can be expressed in different isoforms 
depending on the cell type, the state of activation 
and differentiation (Diaz del Pozo et al. 2000). 
The CD45 gene structure in fugu (Takifugu ru-
bripes) seems to be similar to the human CD45 
gene, i.e., similar exon/intron organisation. Some 
differences were noticed in the 5' end structure 
in the fugu, however, the CD45 gene in the fugu is 
smaller than the human gene due to the smaller size 
of the introns in the fugu (Diaz del Pozo et al. 2000). 
Holmes (2005) pointed out that the polymorphic 
variants result in a high number of variations 
in the coding region, which was evident in mammals 
and hagfish. When performing the L C A examina
tion, a positive result is considered as membranous 
positivity. 

CD3 represents a marker specific for T-lympho
cytes, and in mammals, reacts positively with 
the early developmental stages of the thymocytes 
(Mason et al. 1989). CD3 is an essential component 
of the T-cell receptor (TCR) complex antigen. TCR 
is expressed as a multisubunit membrane complex 
and CD3 components are responsible for coupling 
the antigen ligation events with the intracellular 
signalling pathway (Alabyev et al. 2000). Most 
of the commercially available antibodies target 
the CD3 component. The C D 3 component was 
analysed and sequenced in sterlet (Alabyev et al. 
2000), in rainbow trout (Boardman et al. 2012) and 
Japanese pufferfish (Takifugu rubripes) (Araki et al. 
2005). Some studies have suggested particular se
quence conservation among fish species and some 
homology with mammalian CD3 (Boardman et al. 
2012). Still, a high transcript heterogeneity is dem
onstrated in the sterlet CD3 (Alabyev et al. 2000). 
When performing the I H C in the CD3, the CD3 
results in membranous positivity. In our study, no 
reactivity of the examined and targeted lymphoid 
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markers ( L C A , CD3) was detected. Additionally, 
a cross-reaction with different staining pattern (cy
toplasmic instead of membranous positivity) was 
present while examining the CD3. The L C A and 
CD3, thus, proved ineffective at staining the cells 
of lymphoid origin in sterlet. The structural pol
ymorphism and heterogeneity may represent 
the main reasons for the unsuccessful I H C exami
nation of the lymphoid markers ( L C A and CD3) 
in the sterlet. Consequently, and naturally, further 
research is required to design sturgeon specific L C A 
and CD3 antibodies (Ramos-Vara et al. 2008). 

The immunohistochemical examination was per
formed using monoclonal antibodies (vimentin, 
S-100 protein, L C A , CD3) and a polyclonal anti
body (cytokeratin). The applied antibodies were 
commercially available and originally designed 
for human medicine. Three of the five tested an
tibodies (cytokeratin, vimentin, S-100 protein) 
brought conclusive results with the expected stain
ing pattern (references), and no cross-reactivity was 
detected in the background. Positive results were 
obtained regardless of the origin of the monoclonal 
or polyclonal antibody. Therefore, these markers 
(cytokeratin, vimentin, S-100 protein) can be rec
ommended for application on sturgeon. 

Negative results, or non-reactivity respectively, 
were obtained when examining the L C A . While 
testing the CD3, the obtained results were nega
tive with a cross-reactivity at the adjacent tissues. 
The applied antibodies were monoclonal and 
of mouse origin. As it was as expected, the mon
oclonal antibodies bound to a single epitope 
on an antigen, and, thus, provided high specific
ity (Ramos-Vara et al. 2008). The high specificity 
of the monoclonal antibodies and its mammalian 
origin might explain why negative results (or non-
reactivity) were obtained when testing the lym
phoid markers ( L C A and CD3) . Consequently, 
these findings support the proposal of Ramos-Vara 
et al. (2008) for researchers to invent and produce 
fish specific antibodies. 

This immunohistochemical study on the thymic 
microenvironment in sterlet supports the previ
ous histological findings concerning the cellular 
components in the thymus (Gradil et al. 2014; 
Salkova and Flajshans 2016). To our knowledge, 
this is the first study to demonstrate the applica
tion of human antibodies on a sturgeon's thymus: 
most of the tested antibodies (cytokeratin, vimen
tin, S-100 protein) were suitable for usage in stur-
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geons. The non-reactivity observed in the lymphoid 
markers L C A and C D 3 support the importance 
of fish specific antibody generation (Ramos-Vara 
et al. 2008). 
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CHAPTER 4 

EXAMINATION OF WHITE BLOOD CELL PARAMETERS FOR THREE DIFFERENT 
PLOIDY LEVEL STURGEON SPECIES REARED IN AN INDOOR RECIRCULATION 
AQUACULTURE SYSTEM FOR ONE YEAR 

Sa lkova, E., Gela , D., Pecherkova , P., Flajshans, M., 2 0 2 0 . Examina t ion of wh i t e b l o o d cell 
parameters for th ree d i f ferent p lo idy level s tu rgeon spec ies reared in an indoor rec i rculat ion 
aquacu l tu re s ys tem for one year. Manusc r ip t . 
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Abstract 
Juveni les of func t iona l l y d ip lo id Acipenser ruthenus, func t iona l l y t e t r ap lo id Acipenser 

gueldenstaedtii and func t iona l l y hexap lo id Acipenser brevirostrum were s a m p l e d mon th l y 
for one year, wh i t e b l o o d cell parameters were d e t e r m i n e d . The to ta l n u m b e r of l eukocy tes 
(TL) was 4 0 . 9 3 1 7 . 2 4 x 1 0 V L fo r d ip lo ids , 2 0 . 6 3 1 1 . 2 0 x 1 0 V L for te t rap lo ids , 14 .137 .72 x 1 0 V L 
for hexap lo ids . TL dec reased w i th increas ing p lo idy level . H ighes t n u m b e r of l eukocy tes was 
reached dur ing S e p t e m b e r and O c t o b e r for A. ruthenus and A. brevirostrum, f r om O c t o b e r 
to January for A. gueldenstaedtii (s tat is t ica l ly s ign i f i cant f ind ing) . L ymphocy tes d o m i n a t e d 
( 7 6 . 8 9 - 8 0 . 1 4 % ) in di f ferent ia l c oun t s and were f o u n d r educed in June and July in each group. 
Granu locy tes were represen ted by neut roph i l s and eos inoph i l s . C o u n t i n g f rom all l eukocy tes , 
neut roph i l s represented 1 3 . 0 - 1 8 . 7 % and eos inoph i l s 5 . 7 - 6 . 1 % , respect ively . Increasing 
n u m b e r of nuc lear s e g m e n t s in g ranu locy tes was d e p e n d e n t on increas ing p lo idy level . Nuc lear 
s e g m e n t a t i o n in l ymphocy tes was c o m m o n f ind ing in h igher p lo idy level g roups . Data sugges t 
the s ign i f i cant ef fect of p lo idy level on to ta l n u m b e r of l eukocy tes and morpho log i c a l nuc lear 
changes in g ranu locy tes and l ymphocy tes . Annua l var ia t ion in di f ferent ia l l eukocy te coun t s 
d e p e n d s on t h e spec ies and in f luence of var ious externa l cond i t i ons rather t han p lo idy level . 

Key words: Acipenser brevirostrum; Acipenser gueldenstaedtii; Acipenser ruthenus; 
differential leukocyte count; white blood cell count 
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1. Introduction 

Sturgeons (Acipenser idae) are anc ient f ishes wh ich are bel ieved to be ' l iving fossi ls ' . Their 
pr imit ive ancestral character ist ics and thei r abi l i ty t o live in bo th f reshwater and marine 
env i ronments make t h e m interest ing to s tudy the i r histology, phys io logy and genet ics . 
S turgeons have to face many infect ious agents and they need a wel l-developed i m m u n e sys tem 
to be able to survive. Wh i t e b l o o d cells represent an impor t an t c o m p o n e n t of immuno log i ca l 
defence. 

Haemato log ica l examinat ion of f ishes is a useful d iagnost i c t oo l for eva luat ion the phys io logica l 
s ta tus and plays an impor tan t role in the d iagnos is of dif ferent patho log ica l cond i t ions . Basic 
haemato log ica l parameters are represented by red b l o o d cell indices, wh i te b l o o d cell indices 
(white b l ood cell coun t and differential wh i t e b l o o d cell count ) , and plate lets coun t (Knowles et 
al., 2 0 0 6 ; Zexia et al., 2 0 0 7 ; Docan et al., 2 0 1 2 ; S vobodova et al., 2012 ) . 

Whi le pe r fo rming differential wh i te b l ood cell count , l ymphocytes , monocy t e s and 
granulocytes are recogn ized . The l ymphocy tes are round or spher ica l , w i th large basophi l i c 
nuclei and basophi l i c c y top lasm. The size of l ymphocy tes varies, smal l and large l ymphocytes 
are recogn ized (Ellis, 1977; Knowles et al., 2 0 0 6 ; Zexia et al., 2 0 0 7 ) . Granulocytes are classif ied 
as neutrophi ls , eos inoph i l s and basoph i l s accord ing to the i r ul trastructural and h is tochemica l 
g rounds (Ellis, 1977; A inswor th , 1992) . Generally, in f ish under phys io logica l cond i t ions , basophi ls 
seem to be rare cell subpopu l a t i on (Palikova et al., 1999; Zexia et al., 2 0 0 7 ) . Neutrophi l s vary 
in shapes, t he nuc leus is sl ightly basophi l ic , may occur as band or may be two- or several-
segmen ted . The eos inoph i l s have easily recognizab le eos inophi l i c cy top lasmic granules. The 
nuclei are basophi l ic , may occur as bands or may be two- or several-segmented (A insworth , 
1992 ; S vobodova et al., 2012 ) . Monocy t e s are large cells w i th p rominen t eccentr ical ly located 
horseshoe-shaped nucleus, s l ightly basophi l i c and vacuo la ted cy top lasm (Knowles et al., 2 0 0 6 ; 
Zexia et al., 2 0 0 7 ; S vobodova et al., 2012 ) . 

The s tudy of s tu rgeon genet ics can prov ide valuable data on mechan i sms under ly ing the 
evo lut ion of vertebrates. S turgeons have evolved via a l lopo lyp lo id iza t ion (Gregory and Wit t , 
2 0 0 8 ; Smi th and Gregory, 2 0 0 9 ; Crow et al., 2012) by several po lyp lo id iza t ion and hybr id izat ion 
events. Spec ies of the genera Acipenser, Huso, Scaphirhynchus and Pseudoscaphirhynchus 
are separated into dif ferent c lasses accord ing to c h r o m o s o m e numbers : (1) spec ies w i th 
c. 120 c h r o m o s o m e s ; (2) spec ies w i th c. 2 5 0 c h r o m o s o m e s ; (3) one spec ies only, Acipenser 
brevirostrum Lesueur, 1818, having c. 3 6 0 c h r o m o s o m e s (Ludwig et al., 2 0 0 1 ; Havelka et al., 
2 0 1 1 , 2016 ) . Havelka et al . (2011) s ta ted tha t t w o scales of p lo idy levels are recogn ized at 
present : t he evo lut ionary scale, wh ich presumes te t rap lo id (4n) - oc tap lo id (8n) - dodecap lo id 
(12n) re lat ionships, referring to anc ient p lo idy levels, and the funct iona l scale, wh ich presumes 
d ip lo id (2n) - te t rap lo id (4n) - hexaplo id (6n) re la t ionships ar is ing f rom signif icant funct iona l 
g e n o m e re-diploidizat ion in s tu rgeon evo lut ion . 

S turgeons exhib i t large g e n o m e s a m o n g f ishes (Gregory and Wi t t , 2 0 0 8 ; Smi th and Gregory, 
2009 ) . The increas ing number of c h r o m o s o m e s is c losely assoc ia ted w i th t he increase in DNA 
conten t in t he cell nucle i . Cell and nuclear s ize correlate in a strongly pos i t i ve m o d e w i th g e n o m e 
size and wi th each other at each t axonomic level, i ndependent l y of phy logenet i cs and of anc ient 
or neopo lyp lo id s ta tus (Hardie and Hebert , 2 0 0 3 ) . Cyto logica l features such as nuclear vo lume, 
cell vo lume, cell surface area and nuclear surface area a lso correlate in a pos i t ive manner w i th 
g e n o m e size (Palikova et al., 1999; Hardie and Hebert , 2 0 0 3 ; Flajshans et al., 2011 ) . 

The a im of our s tudy was samp l ing of dif ferent p lo idy level representat ives (sterlet Acipenser 
ruthenus, Russian sturgeon Acipensergueldenstaedtii and sho r tnose s turgeon A brevirostrum) 
over a year and eva luat ing wh i t e b l ood cell parameters in context of the p lo idy level and season . 
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2. Material and methods 

In th is study, 10 s p e c i m e n s of juveni le func t iona l l y d ip lo id (2n) A. ruthenus ( init ial 
age 8 m o n t h s , to ta l b o d y l ength , TL 16 cm, b o d y we igh t 31 g), 10 spec imens of juveni le 
func t iona l l y t e t rap lo id (4n) A. gueidenstaedtii ( init ial age of 6 m o n t h s , TL 12 cm, b o d y w e i g h t 
24 g) and 10 spec imens of juveni le func t iona l l y hexap lo id (6n) A. brevirostrum ( initial age of 
2 m o n t h s , TL 11 cm, b o d y w e i g h t 6 g) were exam ined . Tested f i sh , r ep resen t ing spec imens of 
part icu lar p lo idy level g roup , o r ig ina ted f r om the p o p u l a t i o n of ident ica l age and s imi lar s ize 
representat ives . 

All f i shes o r ig ina ted f rom the Gene t i c F isher ies Cent re of t h e Faculty of F isher ies and 
P ro tec t ion of Waters , Univers i ty of Sou th Bohem ia in Ceske Budejov ice , Czech Republ ic . The 
f ishes were kept in an i ndoo r rec i rcu lat ion aquacu l tu re s y s t em (RAS) at a dens i t y of 10 k g . m 3 

in 3.2 m 3 t anks at 16-18 °C, w i th a f e ed ing rate of 4 % of the f ish b i o m a s s dai ly us ing a 
commerc i a l d ie t (Coppens® Supreme-10, C o p p e n s Internat ional B.V., t h e Nether lands ) 
con ta in ing 4 9 % prote in , 1 0 % fat, 0 . 8 % c rude f ibre and 7 . 9 % ash . 

Wa te r t empera tu re , d i sso l ved oxygen , pH and wa te r chemis t r y were m o n i t o r e d daily. 
Water t empe ra tu r e was ma in ta ined b e t w e e n 16-18 °C, bu t occas iona l l y du r ing the s u m m e r 
reached 2 0 °C. Generally, t h e t empera tu re of i n f low ing wa te r reached 16 °C. D i sso l ved 
oxygen in o u t f l o w i n g wate r ranged b e t w e e n 6 0 - 7 5 % . Wate r pH was kept b e t w e e n 7 and 8. 
Concen t r a t i on of n i t r i tes was kept under 0.1 m g N 0 2 - N . Daily wa te r v o l u m e exchange in RAS 
was 1 0 % of to ta l wa te r vo lume . 

The t e s t e d f i shes were visual ly healthy. S amp l i ng was p e r f o r m e d each m o n t h in a pe r iod 
of one year, s ta r t ing in May and con t i nu ing unt i l Apr i l . S amp l i ng was p e r f o r m e d dur ing f i rst 
half of t h e m o n t h , a lways w i th in one day, t hus interval b e t w e e n samp l ings was at least three 
weeks . 

B l ood samp les were t aken f rom t h e cauda l b l o o d vesse l w i t h a hepar in-coated syr inge 
and need le was ad jus ted for ind iv idua l f i sh . A c co rd ing to our prev ious exper i ence w i th rapid 
b l o o d c lo t t ing , b l o o d smears were t aken immediate ly , dr ied at r o o m tempera tu re , f ixed 
w i th m e t h a n o l and s ta ined us ing Hemacolor® Rapid s ta in ing se t (Merck KGaG, Darmstad t , 
Germany) . The s l ides o b t a i n e d were i n spec t ed unde r an O l y m p u s BHS m i c r o s c o p e us ing 
x l , 0 0 0 magn i f i ca t i on . Wh i l e p e r f o r m i n g l eukocy te di f ferent ia l count , t w o hundred l eukocy tes 
were d e t e r m i n e d and c o u n t e d for each s p e c i m e n . Cel lu lar s ize, nuc lear morpho logy , 
c y top l asmic s ta in ing pa t te rns were t h e cr i ter ia for cel ls ident i f i ca t ion and de t e rm ina t i on (Ellis, 
1977 ; A i n s w o r t h , 1992 ; Know les et al., 2 0 0 6 ; Zex ia et al . , 2 0 0 7 ; S v o b o d o v a et al., 2012 ) . 
Granu locy tes were fu r ther c lass i f ied as neut roph i l s and eos inoph i l s , and in each subg roup 
the bands and s e g m e n t s were c o u n t e d . The n u m b e r of nuc lear s e g m e n t s in neut roph i l s and 
eos inoph i l s was a lso es tab l i shed for each p lo idy level g roup . Dif ferent ia l l eukocy te c o u n t was 
recorded as a pe rcen tage of part icu lar cell t ype (Knowles et al., 2 0 0 6 ; S v o b o d o v a et al., 2012 ) . 
Only matu re cel ls were invo lved in the l eukogram, o the rw i se b las ts and van i sh ing cel ls were 
exc luded . 

B l ood samp les for to ta l n u m b e r of l eukocy te de t e rm ina t i on were s to red in hepar in ized 
t u b e s and p laced on ice unt i l fu r the r analysis , bu t no longer t han one hour. Hepar in ized 
b l o o d was d i lu ted 2 0 0 t imes w i th so lu t i on con ta in ing NaCI, N a 2 S 0 4 , N a 2 H P 0 4 - 1 2 H 2 0 , K H 2 P 0 4 , 
f o rma ldehyd and 1 % cresyl v io le t d i lu ted in d is t i l led wate r ( S vobodova et al., 2 0 1 2 ) . Total 
n u m b e r of l eukocy tes was pe r f o rmed by c o u n t i n g wh i t e b l o o d cel ls in a Burker c h a m b e r 
and was recorded in 1 0 V L (Knowles et al., 2 0 0 6 ; S v o b o d o v a et al., 2 0 1 2 ) . Th rombocy tes and 
th rombocy te- l i ke cel ls were no t inc luded in wh i t e b l o o d cel ls parameters , s ince they represent 
d i s t inc t b l o o d cell c o m p o n e n t (Khandekar et al., 2 0 1 2 ) . 
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The s tudy was carr ied ou t in acco rdance w i th t h e Czech Law No. 2 4 6 / 1 9 9 2 'An imal welfare ' . 
P ro toco ls were superv i sed by the Inst i tut iona l An ima l Care and Use C o m m i t t e e (IACUC) of the 
Univers i ty of Sou th B o h e m i a (USB), Faculty of F isher ies and P ro tec t ion of Waters (FFPW) in 
Vodnany . The USB F FPW has the approva l of t he Min is t ry of Agr i cu l ture of t h e Czech Republ i c 
for hand l ing and usage of expe r imenta l an imals (ref. no. 1 6 O Z 1 5 7 5 9 / 2 0 1 3 - 1 7 2 1 4 ) . 

3. Statistical analysis 

Ana lyses of haemato log i ca l da ta were p e r f o r m e d every m o n t h for one year. M e a n was used 
as ind icators of centra l tendency . For analys is of d i f ferent b l o o d c o m p o n e n t s , t h e A N O V A t e s t 
w i th Tukey's hones t l y s ign i f i cant d i f ference t es t and t-test we re used . Level of s ign i f i cance was 
0 .05 . All P-values were in te rpre ted descr ipt ive ly , and no a d j u s t m e n t of P-values or s igni f icance 
levels was app l i ed . S tat is t ica l ana lyses we re p e r f o r m e d us ing SPSS v23 (SPSS, Ch icago, IL, 
USA) and Ma t l ab R 2 0 1 8 b so f tware (The M a t h Works , Inc., Nat ick, MA, USA) 

4. Results 

Nuclear changes of g ranu locy tes (mu l t inuc lea ted nuc le i , a typica l nuc lear shapes and 
increas ing n u m b e r of nuc lear s egmen t s ) were c o m m o n in h igher p lo idy level g roups (see 
Figure 1) (s tat is t ica l s ign i f icant f ind ing) . Changes were re la ted to increas ing g e n o m e s ize and 
DNA fo ld ing . Increasing p lo idy level in l ymphocy tes was a s soc i a t ed w i th the t endency for 
nuclei t o div ide, and t h e nuc leus revealed ' b u d d i n g ' appearance (see Figure 2). 

f t <i 

V 

9 -

CM 
kW 

Figure 1. Blood smear, Acipenser brevirostrum (6n), Hemacolor® Rapid staining set, (magnification 
WOOx, scale bar 70 urn). 
Erythrocytes (Ery) dominate in blood smear. Thrombocytes (T) are spindle or fusiform, with elongated 
nucleus. Lymphocytes (Ly) are round or spherical, with large basophilic nuclei and thin rim of basophilic 
cytoplasm. Nuclear changes of granulocytes including atypical nuclear shapes and increasing number of 
nuclear segments (indicated by arrows) are common findings in higher ploidy level groups. 
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Figure 2. Blood smear, Acipenser brevirostrum (6n), Hemacolor® Rapid staining set (magnification 
WOOx, scale bar 70 um). 
Lymphocytes (Ly) are round or spherical, with basophilic nuclei and thin rim of basophilic cytoplasm. 
Increasing ploidy level in lymphocytes is associated with the tendency to nuclei division. Arrow points 
to the 'budding' appearance of nucleus in lymphocyte. Neutrophils (Neu) represent granulocytic group, 
different developmental stages are present (bands or segments). Erythrocytes (Ery) dominate in blood 
smear. Thrombocytes (T) are oval, spindle or fusiform and occur as single cells or may constitute clusters 
or small groups. 

-53 -



4.1. Total number of leukocytes  

The to ta l n u m b e r of l eukocy tes over the year ranged b e t w e e n 40.93±17.24x10 9/L 
for A. ruthenus, 20.63±11.20xl0 9/L for A. gueldenstaedtii and 14.13±7.72x1 O V L for 
A. brevirostrum ( summary in Table 1). S tat is t ica l ly s ign i f i cant d i f ferences (P<0.001) in the 
to ta l n u m b e r of l eukocy tes were f o u n d for each g roup w i th in t h e year, w i th h ighes t n u m b e r 
of l eukocy tes reached dur ing a u t u m n ( Sep tember and Oc tobe r ) for A ruthenus (45.5x1 O V L 
and 6 3 . 0 x l 0 9 / L ) and for A. brevirostrum ( 2 2 . 0 x l 0 9 / L and 2 0 . 5 x l 0 9 / L ) and dur ing a u t u m n 
and w in te r (Oc tobe r unt i l January) for A. gueldenstaedtii ( f rom 2 1 . 0 x l 0 9 / L t o 2 7 . 0 x l 0 9 / L ) . 
The l owes t va lue was reached in N o v e m b e r for A. ruthenus ( 28 .0x10 9 /L ) , in July for 
A. gueldenstaedtii ( 13 .0x10 9 /L ) , and in February for A. brevirostrum ( 7 .5x10 9 /L ) . Annua l 
var ia t ion in t h e to ta l n u m b e r of l eukocy tes is g iven in Graph 1. 

Table 1. Summary of white blood cells (WBC) parameters within different ploidy level groups 
(Acipenserid species). 
Total number of leukocytes (W 9/L), differential leukocyte counts comprising lymphocytes, monocytes and 
granulocytes counts recorded as percentages. Granulocytic content within total number of leukocytes 
and proportion of developmental stages recorded as bands and segments are presented. Values are 
recorded as mean SD. Data with * show statistically significant difference at P = 0.00 7, data with ** point 
at statistically significant difference at P<0.0001, NS = not specific. 

Ploidy level, WBC Lymphocytes Monocytes Granulocytes Granulocytes Granulocytes 
functional scale (xlOVL) (%) (%) (%) bands(%) segments (%) 

A. ruthenus 2n 40.9117.21« 77.618.51* 0.9±0.7NS 21.6±8.2 "I. 15.6±5.3 - 5.811.8 iNS 

A. gueldenstaedtii 4n 20.6111.2ľ J 
80.1±8.1 

1.0±0.8NS 18.0±7.8 
1* 

10.113.4 - 7.412.6^ 

A. brevirostrum 6n 14.1±7.7 J - 76.9±7.8 J 1.1±0.9NS 22.0±7.5 J 10.113.1 NS 10.514.3-1 

NS no t specif ic 
* p<0.01 

** p<0.0001 

number of leukocytes 

Graph 1. Total number of leukocytes. 
The annual variation in total number of leukocyte (TL) within different ploidy level groups is presented. 
Axis x represents time schedule as months in year, study has been running since May till April. Axis y 
marks mean of TL recorded in 10 g/L. Increasing ploidy level is associated with decreasing TL. Seasonal 
changes are evident: Highest number of leukocytes was reached during September and October for A. 

ruthenus (2n) and A. brevirostrum (6n), from October to January for A. gueldenstaedtii (4n). Seasonal 
changes in TL within each ploidy level group are statistically significant. 
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4.2. Lymphocytes  

Lymphocy tes d o m i n a t e d in di f ferent ia l l eukocy te coun t s regard less of spec ies or p lo idy 
level. L ymphocy tes c o n s t i t u t e d 7 7 . 5 9 8 . 4 5 % in A ruthenus, 8 0 . 1 4 8 . 1 3 % in A gueldenstaedtii 
and 7 6 . 8 9 7 . 8 2 % in A. brevirostrum. S tat is t ica l ly s ign i f i cant d i f ferences we re f o u n d b e t w e e n 
A. gueldenstaedtii and A. ruthenus, and b e t w e e n A. gueldenstaedtii and A. brevirostrum 
(Table 1). Reduced numbe r s of l ymphocy tes were d o c u m e n t e d in June and July for each p lo idy 
g roup (stat ist ica l ly s igni f icant ) . Annua l var ia t ion in l ymphocy te di f ferent ia l c oun t s in g iven in 
Graph 2. 

lymphocytes in % 
100 

Graph 2. The annual variation of lymphocytes. 
Axis x represents study time schedule as months in year, study has been running since May till April. Axis 
y marks mean lymphocyte count recorded as %. Lymphocytes dominated (76.89-80.14%) in differential 
counts and were found reduced in June and July in each ploidy level group (statistically significant). 

4.3. Granulocytes  

Three t ypes of g ranu locy tes were d e t e r m i n e d in t h e s tu rgeons , i.e. neut roph i l s , eos inoph i l s 
and basoph i l s . No basoph i l s were r e cogn ized in any spec imens . F rom all l eukocy tes , 
g ranu locy tes represen ted 2 1 . 6 3 8 . 2 % in A. ruthenus, 1 8 . 8 5 7 . 7 5 % in A. gueldenstaedtii and 
2 2 . 0 4 7 . 4 7 % in A. brevirostrum (Table 1). S tat is t ica l ly s ign i f icant d i f ferences we re f o u n d 
b e t w e e n A. brevirostrum (6n) and A. gueldenstaedtii (4n), and b e t w e e n A. brevirostrum 
(6n) and A. ruthenus (2n) (Table 1). In con t ras t t o l ymphocy tes , t h e h ighes t n u m b e r of 
g ranu locy tes was reached dur ing Apr i l and June in A. gueldenstaedtii and dur ing June and 
July in A. ruthenus and A. brevirostrum. Eva luat ing b l o o d smears , d i f ferent d e v e l o p m e n t a l 
s tages of g ranu locy tes we re ev ident , g ranu locy t i c bands and s e g m e n t s were present : bands 
c o n s t i t u t e d 10 .1-15 .6 % and s e g m e n t s c o m p r i s e d 5.8-10.5 % (Table 1). 

Regard ing part icu lar granu locy tes , neu t roph i l s d o m i n a t e d and c o n s t i t u t e d 7 0 . 0 - 7 5 . 0 % 
of granu locytes , and 1 3 . 1 - 1 8 . 7 % of all l eukocy tes , respect ively . Eos inoph i l s r epresen ted 
2 5 . 0 - 3 2 . 0 % of g ranu locy tes and 5 . 6 - 6 . 0 % of all l eukocy tes . P lo idy level d id no t in f luence 
pe rcen tage of neut roph i l s and eos inoph i l s in granu locy t i c subg roup . 

Increasing n u m b e r of nuc lear s e g m e n t s in g ranu locy tes was ev ident and d e p e n d e n t on 
the increas ing p lo idy level s ta tus . S tat is t ica l ly s ign i f icant d i f ferences were f o u n d b e t w e e n 
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A brevirostrum (6n) and A. gueldenstaedtii (4n) as wel l as b e t w e e n A. brevirostrum (6n) 
and A. ruthenus (2n). Wh i t e b l o o d cel ls parameters are s u m m a r i z e d in Table 1. Granu locy t i c 
parameters are p resen ted in Table 2. 

Table 2. Granulocytic parameters within different ploidy level groups in details. 
Granulocytes are classified as neutrophils and eosinophils, number of nuclear segments in each 
granulocytic subgroup is recorded. Values are recorded as mean SD. Data with * show statistically 
significant difference at P < 0.01, data with ** point at statistically significant difference at P<0.0001. NS 
= not specific. 

Ploidy level, 
functional scale Neutrophils(%) Neutrophils: number 

of nuclear segments Eosinophils(%) Eosinophils: number 
of nuclear segments 

A. ruthenus 2n 18.7±9NS 2.6 5.8±3.2NS 2.05 -

A. gueldenstaedtii 4n 13.1±7NS 3.1 « 5.6±2.8NS 2.6 * 

A. brevirostrum 6n 15.5±9NS 4.1 - - 6±4.9NS 3.3 

* p= 0.001 
** p<0.001 
NS not specific 

4.4. Monocytes 

M o n o c y t e s were easi ly r e cogn ized in b l o o d smears due to the i r s ize, nuc lear shape and 
cy top lasmic t inc tu re . F rom all l eukocy tes , m o n o c y t e s represen ted 0 . 8 5 0 . 6 6 % in A ruthenus, 
1 . 0 0 0 . 8 1 % in A gueldenstaedtii and 1 . 0 6 0 . 9 4 % in A brevirostrum. No stat is t ica l ly s ign i f i cant 
d i f ferences were f o u n d b e t w e e n p lo idy level g roups . The h ighes t n u m b e r of m o n o c y t e s 
was reached in May for A ruthenus, in June for A gueldenstaedtii and in N o v e m b e r for 
A brevirostrum. Annua l var ia t ion in m o n o c y t e di f ferent ia l c oun t s is g iven in Graph 3. 

monocytes in % 

° ' ' / / / / / / / V • ^ 
—*—6n —*—4n —•—2n 

Graph 3. The annual variation of monocytes. 
Axis x represents study time schedule as months in year, study has been running since May till April. Axis 
y marks mean monocyte count recorded as %. The highest number of monocytes was reached in May for 
A. ruthenus, in June for A. gueldenstaedtii and in November for A. brevirostrum. 
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5. Discussion 

5.1. Polyploidy in sturgeons and number of leukocytes  

S tu rgeons are wel l k n o w n for the i r po l yp lo idy (Flajshans and Vajcova, 2 0 0 0 ; Ludw ig et al., 
2 0 0 1 ; Havelka et al., 2 0 1 1 , 2 0 1 6 ; C row et al., 2 0 1 2 ) . It is n o w be l i eved , t ha t po l yp lo id i za t i on 
m igh t represent an i m p o r t a n t p h e n o m e n o n in t h e evo lu t i on of f i shes (Hardie and Hebert , 
2 0 0 3 ; Havelka et al., 2 0 1 1 ) . Cell and nuc lear s ize b o t h corre late s t rong ly w i th g e n o m e s ize and 
w i th each o the r in ray-finned and car t i l ag inous f i shes . These re la t ionsh ips remain s ign i f i cant 
at each t a x o n o m i c level and exis t i ndependen t l y of phy logeny (Hardie and Heber t , 2 0 0 3 ) . The 
c h r o m o s o m e n u m b e r pos i t i ve ly corre la tes w i th DNA con t en t a m o n g f ishes (Smith and Gregory, 
2 0 0 9 ) . Increased cel lu lar and nuc lear v o l u m e due to the add i t i ona l c h r o m o s o m a l set or sets 
is ba lanced by reduced cell numbe r s (Benfey, 1999 ; Max ime , 2 0 0 8 ) . The same obse rva t i ons 
were m a d e in s tud ies d o c u m e n t i n g changes in phys io logy and , especial ly, h a e m a t o l o g y of 
s tu rgeons w i th d i f ferent p lo idy levels (Acipenser baerii, Acipenser stellatus, Huso huso in 
Pal ikova et al., 1999 ; A. ruthenus, A. gueldenstaedtii, A. baerii in Flajshans and Vajcova, 
2 0 0 2 ; A. persicus Bo rod in , 1897 , H. huso in Bahman i et al., 2 0 0 1 ; A. baerii in Havelka et al., 
2016 ) . S imi lar resul ts were ob t a i ned f rom s tud ies c o m p a r i n g haemato log i ca l prof i les b e t w e e n 
d ip lo ids and i nduced t r ip lo ids ( A brevirostrum in Beyea et al., 2 0 0 5 ; A baerii in W l a s o w and 
Fopp-Bayat, 2 0 1 1 ; A. baerii in Fopp-Bayat et al., 2 0 1 3 ; A. baerii in Rozynsk i et al., 2015 ) . 

Our resul ts s h o w e d a d e p e n d e n c e b e t w e e n t h e to ta l n u m b e r of l eukocy tes and t h e p lo idy 
level. S tat is t ica l ly s ign i f i cant was t h e increas ing p lo idy level a s soc i a t ed w i th the dec reas ing 
to ta l n u m b e r of l eukocy tes . Our resul ts were thus in ag r eemen t w i th o the r s tud ies , espec ia l ly 
w i th Hardie and Heber t ( 2003 ) . The to ta l n u m b e r of l eukocy tes revealed p lo idy spec i f ic i ty and 
d e p e n d e n c e . 

5.2. Annual and seasonal changes in blood cells parameters, general considerations  

Avai lab le haemato log i ca l da ta of annua l and seasona l changes in b l o o d cells parameters 
are scarce, espec ia l l y for s tu rgeons , and have concen t r a t ed mos t l y on red b l o o d cel ls. 
Haemato log i ca l da ta on wh i t e b l o o d cell parameters we re co l l ec ted f rom spec imens reared in 
indoor rec i rcu la t ion aquacu l tu re s ys t ems (H. huso in Zare jabad et al . , 2 0 0 9 a , b ; Akrami et al., 
2 0 1 3 ; A. baerii in Fopp-Bayat et al., 2 0 1 3 and Rozynsk i et al., 2 0 1 5 ; A. ruthenus, A. baerii, 
A. gueldenstadtii in Flajshans and Vajcova, 2 0 0 2 ; A. brevirostrum in Know les et al., 2 0 0 6 ) , or 
ob t a i ned f rom wi ld caught f i shes (A. stellatus in Docan et al., 2 0 1 4 ; H. huso in Mazandaran i et 
al., 2 0 1 5 A. persicus, A. stellatus in Pou rgho l am and Saeid i , 2 0 0 0 ; A brevirostrum in M a t s c h e 
and G ibbons , 2 0 1 2 and M a t s c h e et al., 2 0 1 3 ) . S tu rgeons inves t iga ted were of d i f ferent age 
(juveniles, adu l t s or u n k n o w n age of w i ld caugh t f i shes ) , gender, p lo idy level, n u m b e r of 
samples , and f rom di f ferent env i ronmenta l cond i t i ons . C o n t i n u o u s b l o o d analys is of red or 
wh i t e b l o o d cell parameters have rarely e x c e e d e d 3 m o n t h s . Data for se l ec ted pe r iods of the 
year (spr ing, au tumn ) we re d o c u m e n t e d for A stellatus (Docan et al., 2014 ) , A brevirostrum 
(Ma tsche and G ibbons , 2 0 1 2 ; M a t s c h e et al., 2013 ) and A. persicus ( Pourgho lam et al., 2 0 0 0 ) . 

5.3. Lymphocytes  

Generally, dif ferential wh i t e b l o o d cell coun ts in s turgeons were of l ymphocy t i c or igin in each 
of t he a b o v e m e n t i o n e d s tud ies . Exceptional ly , t h r o m b o c y t e s and thrombocytes- l ike cells were 
encounte red in t w o differential coun ts (Knowles et al., 2 0 0 6 ; Zexia et al., 2 0 0 7 ) . Nowadays , 
t h r o m b o c y t e s are be l ieved to be l ong to an indiv idual b l o o d cell ca tegory (Khandekar et al., 
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2012) w i th un ique func t i on and or ig in . Lymphocy tes cons t i t u t ed 7 0 - 8 0 % f rom all leukocytes , 
rarely only 5 1 % (Matsche and G ibbons , 2 0 1 2 ; Pa lanisamy et al., 2016 ) , or reached up to 9 8 % 
(Rozynski e ta l . , 2015 ) f rom all l eukocytes . Marginal values m igh t be ach ieved o w i n g to specia l or 
speci f ic exper imenta l or env i ronmenta l cond i t i ons . In our study, l ymphocy tes ranged b e t w e e n 
7 6 . 8 9 - 8 0 . 1 4 % , and thus , t he results were in accordance w i th o the r s tud ies . Increasing p lo idy 
level in l ymphocy tes was assoc i a ted w i th the t endency to nuclei d iv is ion, t he nuc leus revealed 
a ' budd ing ' appearance . In our study, ' budd ing ' appearance in l ymphocy tes was f irst m a d e in 
the te t rap lo ids (A. gueldenstaedtii). This f ind ing s e e m e d to be ana logous to erythrocyte nuclei 
d iv is ions repor ted by Beyea et a l . (2005) in t r ip lo id A. brevirostrum and W l a s o w and Fopp-
Bayat (2011) in t r ip lo id A . baerii. Our observa t ion of l ymphocy te nuclear d iv is ion, however, was 
in cont ras t w i th f ind ings m a d e by W l a s o w and Fopp-Bayat (2011) in l ymphocy tes . 

5.4. Granulocytes  

W h e n s tudy ing granu locy tes , s o m e sc ien t i s t s have de t e rm ined neut roph i l s , eos inoph i l s and 
basoph i l s ( Pourgho lam et al., 2 0 0 0 ; Flajshans and Vajcova, 2 0 0 2 ; Ruchin , 2 0 0 7 ; Zex ia et al., 
2 0 0 7 ; Zare jabad et al., 2 0 0 9 a , b ; Docan et al., 2 0 1 2 ; M a t s c h e and G ibbons , 2 0 1 2 ; Akrami e t 
al., 2 0 1 3 ; Mazandaran i et al., 2 0 1 5 ; Pa lan isamy et al., 2 0 1 6 ) , o thers have p rov ided add i t i ona l 
c lass i f i ca t ion of d i f ferent deve l opmen ta l s tages (Pal ikova et al., 1999 ; Fopp-Bayat et al., 2 0 1 3 ) , 
or f o c u s e d on c o u n t i n g n u m b e r of nuc lear s e g m e n t s (Fopp-Bayat et al., 2 0 1 3 ; Rozynsk i et al., 
2 0 1 5 ; W l a s o w and Fopp-Bayat, 2 0 1 1 ) . Generally, neut roph i l s d o m i n a t e d , eos inoph i l s occur red 
in each study, a lways w i t h less f requency c o m p a r e d to neu t roph i l s . Gharaei et a l . (2016) 
r epor ted only basoph i l s as granu locy t i c representa t i ves in H. huso. In our study, neut roph i l s 
d o m i n a t e d in each p lo idy level g roup , and c o n s t i t u t e d 1 3 . 1 - 1 8 . 7 % f r om all l eukocy tes . 
Eos inoph i l s c o n s t i t u t e d 5 . 6 - 6 . 0 % f r om all l eukocy tes . Our resul ts on granu locy tes were in 
accordance w i th o the r s tud ies . S tat is t ica l ly s ign i f icant was the d e p e n d e n c e b e t w e e n the 
increas ing n u m b e r of nuc lear s e g m e n t s b o t h in neut roph i l s and eos inoph i l s and increas ing 
p lo idy level . S imi lar f ind ings were d o c u m e n t e d by W l a s o w and Fopp-Bayat (2011) in A . baerii. 

5.5. Monocytes  

Repor ts a b o u t m o n o c y t e s in di f ferent ia l coun t s were o f t en conf l i c t ing ; s o m e au thors d id 
not m e n t i o n m o n o c y t e s in di f ferent ia l coun t s at all (W l a sow and Fopp-Bayat, 2 0 1 1 ; Fopp-
Bayat et al., 2013 ) , o the r au thors po i n t ed ou t m o n o c y t e s sporad i c occur rence (Pal ikova et 
al., 1999) . Based on our resul ts , m o n o c y t e s c o n s t i t u t e d 0 . 8 5 - 1 . 0 6 % f rom all l eukocy tes , and 
were in acco rdance w i th pub l i shed resul ts . 

5.6. Ploidy level representatives' assessment and comparison  

5.6.1. Diploid group  

Of interest were t h e resul ts of wh i t e b l o o d cell parameters measu red b e t w e e n 
representa t i ves of par t i cu lar p lo idy level g roups . C o m p a r i s o n of spec ies was d o n e u p o n the 
func t iona l p lo idy level sca le (Havelka et al., 2 0 1 1 ) . W h i t e b l o o d cel ls parameters f o u n d for 
A. ruthenus under s tudy we re c o m p a r e d to pub l i shed da ta for s tu rgeons of s a m e p lo idy level, 
i.e. A . ruthenus, H. huso and A. stellatus ( summary in Table 3). Pal ikova e t a l . (1999) eva luated 
wh i t e b l o o d cell prof i le of A. stellatus w i th co r r e spond ing resul ts as for A . ruthenus in our 
study. Pou rgho l am and Saeidi ( 2000 ) p e r f o r m e d eva luat ions f r om wi ld adu l t s of A stellatus 
wi th a l ower to ta l l eukocy tes and l ymphocy tes c o m p a r e d to our data , and w i t h increased 
n u m b e r of granu locy tes . 
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Flajshans and Vajcova ( 2000 ) r epor ted a lower to ta l l eukocy te in A. ruthenus c o m p a r e d to 
our resul ts , as wel l as s l ight ly dec reased eos inoph i l s and s l ight ly e levated m o n o c y t e s . Bahman i 
et a l . ( 2001 ) , Bani et al . ( 2009 ) , Akrami et al . (2013) and Mazandaran i et al . (2015) p resen ted 
a co r r e spond ing to ta l l eukocy te for H. huso as a d ip lo id representa t i ve c o m p a r e d t o our da ta 
f rom A. ruthenus. In contras t , Gharaei et al . (2016) and Zare jabad et al . (2009a ,b ) r epor ted a 
s igni f icant ly lower to ta l l eukocy te in H. huso. L ymphocy tes d o m i n a t e d and reached 5 4 - 7 5 % . 

The major i ty o f s tu rgeons exam ined or ig ina ted f rom t h e hatchery and juveni les d o m i n a t e d 
in t he s tud ies . Pourgho lam and Saeidi ( 2000 ) examined w i ld adu l t s of A. steiiatus, and Akrami 
et a l . (2013) p e r f o r m e d haemato log i ca l examina t i on of H. huso o f di f ferent ages reared in 
ponds . 

Table 3. White blood cells parameters measured between representatives of diploid group. 
Ploidy level 2n 

Acipenser ruthenus Huso huso Acipenser 
steiiatus 

Our s tudy Flajshans 
and 
Vajcova 
(2002) 

Akrami 
et al. 
(2013) 

Pali-
kova 
et al . 
(1999) 

Bani 
et al. 
(2009) 

Shah-
savani 
et al . 
(2004) 

M a z a n 
darani 
et al . 
(2015) 

Bahmani 
et al . 
(2001) 

Za 
rejabad 
et al. 
(2009) 

Gharaei 
et al. 
(2016)* 

Za 
rejabad 
et al. 
(2019) 

Paliko-
va et al. 
(1999) 

Pourgho 
lam and 
Saeidi 
( 2000 ) 

W B C 10 9 / l 40.93±17.24 10.614.6 23-25 NA 37-52 4 2 3 $ 
24.9 (J 

31-57.7 18-22 6.8 18 NA 16.514 

Lym % 77.59±8.45 76 .619 6 8 - 7 2 73 NA 75 68 .4 $ 
72.4 c? 

54 .5-67.5 56-69 74 58 73 

Neu % 18.7±9 17.2.18.5 18-20.5 22 NA 20 .56 21.4 $ 
18.6 c? 

22-33 24-56 no 28 21 

Eos % 5.8±2.8 1.2.11.8 5.5-6.5 5 NA 2.2 7 $ 
4.6 c? 

6.6-13.7 6-14 no 13 4 11.9 

M o n o % 0.85±0.66 2.612.2 3.3-4.2 NA NA 0 .342 3.2 $ 
4c? 

0.6-2.25 0.3-0.6 4 1 NA 0.1 

5.6.2. Tetraploid group  

Pub l i shed da ta on wh i t e b l o o d cell parameters in A. baerii, A. persicus and A. sinensis were 
used for compara t i ve p u r p o s e s in t h e te t rap lo id g roup ( summary in Table 4) . C o m p a r i n g results 
f rom A. gueidenstaedtii in our study, t h e c o r r e s p o n d i n g to ta l l eukocy te and di f ferent ia l coun ts 
were r epo r t ed by Flajshans and Vajcova ( 2000 ) , Docan et al . (2012) and Rozynsk i et al . (2015) 
in A. baerii. In contras t , Ruchin (2007 ) d o c u m e n t e d a h igher to ta l l eukocy te in A. baerii. 
Changes in l ymphocy t e pe rcen tages in A. baerii dec reased in s tud ies prov ided by Pal ikova et 
al. (1999) , W l a s o w and Fopp-Bayat (2011) , Fopp-Bayat et a l . (2013 ) . Increased l ymphocy tes 
were d o c u m e n t e d in t h e s tudy of Ruchin (2007 ) . Bahman i et a l . (2001 ) p rov ided eva luat ion 
in A. persicus w i t h co r r e spond ing resul ts , Pourgho lam and Saeidi ( 2000 ) and Pa lan isamy et 
al. (2016) d o c u m e n t e d a dec reased to ta l o f l eukocy tes c o m p a r e d t o our resu l ts . Dec reased 
l ymphocy tes were m o s t p r o m i n e n t in the s tudy of Pa lan isamy et a l . (2016) and reached up to 
5 1 % . The m o s t con fus ing resul ts were f o u n d in t h e s tudy of Zex ia et al . ( 2007 ) on A. sinensis; 
plate le ts were encoun te r ed in t h e wh i t e b l o o d cell count , and m o n o c y t e s represented t he 
major i ty in the di f ferent ia l l eukocy te c o u n t f o l l o w e d by l ymphocy tes and neut roph i l s . The 
major i ty of s tu rgeons s tud i ed or ig ina ted f rom hatcher ies and juveni les d o m i n a t e d . Pa lan isamy 
et a l . (2016) p resen ted a c o m p a r i s o n of haemato log i ca l ind ices b e t w e e n A. persicus adu l t 
males and fema les . 
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Table 4. White blood cells parameters measured between representatives of tetraploid group. 
Ploidy level 4n 

Acipenser guelden
staedtii 

Acipenser baerii Acipenser persicus Acipenser 
sinensis 

Our study Docan 
et al. 
(2012) 

Fopp-Ba
yat et al. 
(2013) 

Wlasow 
and Fopp-
-Bayat 
(2011) 

Palíková 
et al. 
(1999) 

Flajshans 
and Vajcová 
(2002) 

Ruchin 
(2007) 

Rozyn-
ski et al. 
(2015) 

Pourgho-
lam and 
Saeidi 
(2000) 

Bahmani 
et al. 
(2001) 

Palanisa-
my et al. 
(2016) 

Padash 
et al. 
(2010) 

Zexia et al. 
(2007)** 

WBC 
10 9 /l 

20.63±11.20 20 NA NA NA 20.1±11 30-43.7 NA 10±4 13-46 10-14 1.25 22.4 

Lym % 80.14±8.13 70-77 60 69 68 74±15 83-90 86 
(69-98) 

70 73-82 44.5-51 82.6 12 

Neu % 13.1±7 15-25 35* 28* 25 12.9±9 3-7 14.5* 22 12-20 45-50 15* 11 
Eos % 5.6±2.8 2.9-4 0.6 2.2 3 8.8±8.3 0.5-1 2.5 7 2-6.5 0.23-0.69 2* 
Mono % 1.00±0.81 1-2 NA NA NA 1.8±1.6 5 1 0.2-2.5 0.7-1.1 0 13 

*Authors presented developmental stages of neutrophils or eosinophils, respectively; number represents 
total count of different neutrophilic/eosinophilic subtypes. 
" Zex i a et al. (2007) included thrombocytes into white blood cell differential count, thrombocytes 
consistuted 6 0 % of white blood cells. 
NA data not available. 

5.6.3. Hexaploid group  

Haemato log i ca l da ta on wh i t e b l o o d cell parameters f rom A. brevirostrum are rare. 
C o m p a r i n g our resul ts , s u m m a r i z e d in Table 5, co r r e spond ing da ta for to ta l n u m b e r of 
l eukocy tes were d o c u m e n t e d by M a t s c h e and G i b b o n s (2012) and M a t s c h e et a l . (2013) , 
wh i le Know les et a l . (2006 ) p resen ted a s igni f icant ly h igher to ta l l eukocy te . Neut roph i l s 
d o m i n a t e d in the s tudy of M a t s c h e and G i b b o n s (2012) in m o s t exam ined f ish o w i n g to 
long las t ing s t ress . Know les et a l . (2006 ) encoun te red th rombocy tes- l i ke cel ls in di f ferent ia l 
counts , bu t desp i t e th is , l ymphocy tes d o m i n a t e d in t h e di f ferent ia l count . Resu l ts ob t a i ned 
f rom M a t s c h e and G i b b o n s (2012) and M a t s c h e et a l . (2013) ref lected t h e haemato log i ca l 
prof i les of adu l t f ish dur ing s p a w n i n g activity, wh i le da ta ob t a i ned f rom Know les et a l . (2006) 
were based on immatu re cu l tu red f i sh . 

Table 5. White blood cells parameters measured between representatives of hexaploid group. 

Ploidy level 6n 
Acipenser brevirostrum 

Our study Knowles et al. (2006)* Matsche et al. (2012, 2013)* 
WBC 10 9/l 14.13±7.72 57 (28-90) 2.08-8.74 
Lym % 76.89±7.82 39-74** 30 
Neu % 15.5±9 13-37 51 
Eos % 6±4.1 0-1.7 2 
Mono % 1.06±0.94 0-7.8 3 

*Authors presented differential leukocyte count as number of particular cell type and reference interval. 
"Lymphocytes were originally subdivided as small and large lymphocytes, the number represents the 
total count of lymphocytes. 
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5.7. Conclusion 

Resul ts ob t a i ned f r om a var iety of s tud ies d o c u m e n t e d changes in haemato log i ca l and 
b iochemica l parameters under d i f ferent in f luences and cond i t i ons , and t hus represen ted 
useful k n o w l e d g e a b o u t s tu rgeon phys io logy and the i r abi l i ty t o adapt . Resu l ts have o f ten 
been prov ided for compara t i ve pu rposes and have been repor ted as descr ip t i ve summar i e s . 

To our current know ledge , there has no t been any s t andard i sed gu ide l ines pub l i shed for 
s amp l i ng s tu rgeon b l o o d parameters . This is no t surpr i s ing s ince f i shes have revealed high 
var iabi l i ty in b l o o d cell parameters a m o n g spec ies and under d i f ferent env i ronmenta l and 
an th ropogen i c cond i t i ons . 

The per iod ica l and annua l examina t i on o f f i s h p o p u l a t i o n s as desc r i bed in our s tudy appear 
to be un ique . The da ta ob t a i ned con t r i bu t ed to bas ic k n o w l e d g e on s tu rgeon phys io logy, 
espec ia l ly haemato logy . The to ta l n u m b e r of l eukocy tes was d e p e n d e n t on t h e p lo idy level , 
whi le t h e var ia t ions in di f ferent ia l coun t s dur ing annua l examina t i on were spec ies speci f ic . 
Thus, k n o w l e d g e of seasona l changes in wh i t e b l o o d cell parameters shou ld be t aken in to 
a c coun t wh i l e pe r f o rm ing haemato log i ca l examina t ions . 

The au thors dec lare no conf l i c t of interest . 
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General discussion 

General discussion 

S tu rgeons have l ived on Earth for a l ong pe r iod of t ime . Ac ipense r i f o rm f ishes f i rst appea red 
in foss i l records of approx imate l y 2 0 0 mi l l ion years, a l ready dur ing t h e Jurassic pe r iod (Peng 
et al., 2 0 0 7 ) . Their we l l-deve loped i m m u n e sys tem has enab led s tu rgeons to face and deal 
w i th d i f ferent a t t acks (e.g., in fec t ions , s t ress, externa l env i ronmenta l cond i t i ons ) . There is 
a var iety of organs and t i s sues involved in s tu rgeon h a e m a t o p o i e s i s and l ymphopo i es i s , 
respect ive ly (Scharrer, 1944 ; M a t t i s s o n and Fänge, 1982 Tavassol i , 1986 ; Fänge, 1986 ; Manca 
et al., 2 0 1 9 ) . However, none of t he se p o s s e s s the s t ruc ture and o rgan iza t ion k n o w n f r om 
the mar row of h igher ver tebra tes . The interst i t ia l t i s sue in the anter ior po r t i on of the k idney 
represents the ma in e ry th ropo ie t i c t i s sue in s tu rgeons . Moreover , t h e sp l een is a lso involved 
in e ry th ropo ies i s . It is remarkab le t ha t s tu rgeons deve l oped un ique h a e m a t o p o i e t i c t i s sues 
not seen in h igher ver tebra tes . Men ingea l mye lo id and per icardia l mye lo id t i s sues represent 
s i tes, whe re g ranu lopo ies i s , t h r o m b o p o i e s i s , e ry th ropo ies i s and less f requency l ymphopo i e s i s 
take p lace (Scharrer, 1944 ; Fänge, 1986) . The ma in l y m p h o i d organ is t h e t h y m u s (Fänge, 
1986 ; Sa lkova and Flajshans, 2 0 1 6 ) . L ympho id masses , usual ly f o u n d in t h e in test ina l m u c o s a 
or less f requent l y in sk in , gil ls and oral cavity a lso represent an i m p o r t a n t t i s sue for s tu rgeon 
p ro tec t i on . Examina t ion of wh i t e b l o o d cell parameters and the i r eva lua t ion ref lect f ish 
phys io log ica l s ta tus and play an i m p o r t a n t role in t h e d iagnos i s of d i f ferent pa tho log i ca l 
cond i t i ons . Haemato log i ca l examina t i on t hus represents relat ively cheap, easi ly access ib le 
t e s t i ng , wh i ch prov ides va luab le da ta conce rn ing f ish hea l th s ta tus . 

Histology of lymphoid organs  

In o u r f i r s t study, w e f o c u s e d on the morpho log i c a l m a p p i n g of the thym ic m i c roenv i r onmen t 
(Salkova and Flajshans, 2 0 1 6 ) . The s tudy was c o n d u c t e d on cu l tured Acipenser ruthenus and 
Acipenser brevirostrum. To our know ledge , w e are the f i rst t o desc r ibe Hassal l ' s co rpusc les 
(HC) in t h e thym ic medu l l a in th ree ou t of 16 inves t iga ted f i sh . Fänge (1986) in his overv iew of 
the l ympho id organs in s tu rgeons , pe r f o rmed his s tudy on Pacific wh i t e s tu rgeon (Acipenser 
transmontanus) and y o u n g hybr id s tu rgeons (Huso x Acipenser ruthenus) and n o t e d no 
Hassal l 's co rpusc les . 

In our study, w e de tec t ed p rematu re and juveni le t ype of HC; all t e s t e d f ish were juveni les 
not o lder t han 19 m o n t h s . Physiological ly , t h e n u m b e r of HC is r is ing w i th increas ing age and 
is c o n n e c t e d w i th a t hym i c at rophy. An increased n u m b e r of HC in juveni les is o f t en caused by 
the p ro l onged st ress or chron ic d i sease . In t he se cases, ma tu re and s enes cen t t ypes of HC are 
more f requent l y p resen t (Sa lkova and Flajshans, 2 0 1 6 ) . Such f ind ing may serve as an ind ica tor 
of t h e pa tho log i ca l cond i t i on . 

The fact t ha t HC were seen only in a minor i t y of t e s t e d s tu rgeons may be exp la ined by 
the l ow age and a favourable , hea l thy env i ronmenta l cond i t i ons in rec i rcu lat ing aquacu l tu re 
sys tem. 

Our f ind ing c o m p l e t e s t h e m i s s i ng i n fo rma t ion a b o u t HC occur rence and con t r i bu tes to the 
c o m p l e t e h i s to log ica l desc r ip t i on of the t h ymus . 

In our s e c o n d study, t h e morpho log i c a l m a p p i n g of the thym ic m i c roenv i r onmen t in s ter le t 
(Acipenser ruthenus) was e x t e n d e d by app ly ing an i m m u n o h i s t o c h e m i c a l examina t i on 
(Salkova et al., 2 0 2 0 ) . Immunoh i s t o chem i s t r y (IHC) is a m e t h o d used to de t e rm ine the 
an t igen express ion in t i s sues and organs us ing an t i bod i e s (Ramos-Vara, 2 0 0 5 ; Taylor and 
Rudbeck , 2 0 1 3 ) . The an t igens are loca l i zed in the d i f ferent cell c o m p a r t m e n t s , i.e. on t h e cell 
membrane , in t h e c y top l a sm and in t h e nuc leus . M o s t commerc ia l l y avai lable an t i bod i e s are 
of m a m m a l i a n or ig in (i.e., m o u s e , rabbit , or goat ) and pr imar i ly i n t ended and ta rge ted aga ins t 
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h u m a n cel ls and t i s sues . M o n o c l o n a l an t i bod i e s b ind to a s ing le e p i t o p e of an an t igen , and 
thus prov ide high specif ic i ty . On the o the r hand , po lyc lona l an t i bod i e s con ta in an t i bod i e s 
aga ins t a w i d e range of ep i t opes (Jones et al., 1993 ; Ramos-Vara, 2 0 0 5 ; Taylor and Rudbeck , 
2 0 1 3 ; Ramos-Vara and Miller, 2 0 1 4 ) . Thus, the i r spec i f i c i ty may be lower, and sens i t iv i ty 
h igher c o m p a r e d to m o n o c l o n a l an t i bod i e s . Greater nonspec i f i c b a c k g r o u n d s ta in ing may be 
present us ing po lyc lona l an t i bod i e s and cross-react iv i ty may be f o u n d in cases w h e n ta rget 
t i s sue an t igen ep i t opes are shared w i th o the r prote ins . K n o w i n g t h e p roper an t igen se t t i ng , 
inc lud ing the l o ca t i on of pos i t i ve reac t ion pa t te rns is i m p o r t a n t for in te rpre t ing the resul ts 
ob t a i ned (Ramos-Vara, 2 0 0 5 ; Taylor and Rudbeck , 2 0 1 3 ) . 

Immunoh i s tochemica l examina t i on inc ludes th ree bas ic s teps : pre-analytic, analyt ic , 
and post-analyt ic . The pre-analytic s tep compr i s e s t i s sue samp l ing , t i s sue p rocess ing w i th 
appropr ia te f ixa t ion and paraff in e m b e d d i n g , b lock cu t t i ng and s l ide p repara t ion . The analyt ic 
phase cons i s t s of reac t ions b e t w e e n an t igens and an t i bod i e s and t h e v i sua l i za t ion of such 
comp lexes . The post-analyt ic s tep inc ludes resul t eva lua t ion and in te rpre ta t ion (Ramos-Vara, 
2 0 0 5 ; Ramos-Vara et al., 2 0 0 8 ; Taylor and Rudbeck , 2 0 1 3 ) . 

Though IHC app l i ca t ion in veter inary med i c ine con t inues to rise, espec ia l ly in t h e last 
decades , it is sti l l less c o m m o n l y used c o m p a r e d to h u m a n med i c ine and pa tho logy . Lack 
of spec ies-spec i f ic an t i bod i e s is one obs tac l e (Ruiz et al., 2 0 0 5 ; Ramos-Vara et al., 2 0 0 8 ) . In 
veter inary med ic ine , m o s t r epor ted cases desc r ibe markers inves t iga t ion us ing commerc ia l l y 
avai lable an t i bod i e s rout ine ly u sed in h u m a n med i c ine (Gallo et al., 2 0 0 4 ; Jo rgensen et al., 
2 0 0 9 ; Tarakci e t a l . , 2 0 1 2 ; Dezful i et al., 2 0 1 4 ; Paque t te et al., 2 0 1 5 ; Y a s u m o t o et al., 2 0 1 5 ) . A 
smal l n u m b e r of a n t i b o d y sets is p roduced and manu fac tu red by researchers t hemse l ves (Pan 
et al., 2 0 0 0 ; Dezfu l i et al . , 2 0 1 4 ; Jorgensen et al., 2 0 0 9 ) . 

Cases of IHC app l i ca t ion in veter inary med i c ine have m o s t o f t en invo lved m a m m a l s . Ruiz et 
at. ( 2005 ) in the i r s tudy t e s t e d t i s sues of m a m m a l i a n or ig in (dog , monkey, bear Ursus arctos 
middendorffi, bov ine ) w i th a pane l of 21 di f ferent markers us ing 26 di f ferent an t i bod i e s on 
a set of n ine neop las t i c , one react ive and one norma l t i s sue . The an t i bod i e s app l i ed in the 
s tudy were commerc ia l l y avai lable and or iginal ly i n t ended fo r use in h u m a n med ic ine . The 
major i ty of inves t iga ted cases s h o w e d posit iv i ty , only t w o of twenty-s ix (2/26) an t i bod i e s 
d id no t react on t i s sue sec t ions . This s tudy con f i rmed tha t many of the an t i bod i e s p r o d u c e d 
for use in h u m a n med i c ine may be app l i ed in Veter inary Med i c i ne . Ramos-Vara et a l . (2008) 
made an extens ive s tudy and survey on i m m u n o h i s t o c h e m i s t r y in veter inary pract ise and 
sugges t ed gu ide l ines for IHC in veter inary d i agnos t i c l abora tor ies . M o s t cases were t e s t e d on 
m a m m a l i a n t i s sues . Each s tep in the IHC process f rom t i s sue s amp l i ng to resul t in te rpre ta t ion 
was desc r ibed , c o m m o n dif f icul t ies in veter inary pract ise were c i ted and a p roposa l of h o w to 
deal w i th t h e p rob l ems was made . Va l ida t ion , s t anda rd iza t i on , and qual i ty assurance/qua l i t y 
cont ro l was des i gned . 

Immunoh i s tochemis t r y in f ish is sti l l qu i te rare, c o m p a r e d to o the r an ima l spec ies . There 
are phys io log ica l s tud ies m a p p i n g an t igen d i s t r i bu t ions and se t t i ng on di f ferent cell t ypes 
and t i s sues (e.g., Pan et al., 2 0 0 0 in s t omach l e s s t e l eos t f ish) . M o h a m m a d et a l . (2007) 
pe r f o rmed i m m u n o h i s t o c h e m i c a l examina t i on of t hym i c ep i the l ia l cells in Aust ra l ian lungf ish 
(Neoceratodus forsteri). Gal lo et a l . ( 2004 ) p e r f o r m e d i m m u n o h i s t o c h e m i c a l m a p p i n g 
of the chromaf f in s ys tem in be luga s tu rgeon (Huso huso). Tarakci et a l . (2012) p rov ided a 
s tudy m a p p i n g t h e d i s t r i bu t i on of endoc r ine cells in t h e s t o m a c h of endemi c t r ou t Salmo 
macrostigma (moun ta in t r ou t Salmo trutta macrostigma). 

Immunoh i s tochemis t r y a lso serves as an i m p o r t a n t and powe r fu l invest igat ive t o o l in the 
di f ferent ia l d i agnos i s of pa tho log i es , i nc lud ing in fec t ious d i seases (Dezful i et al . , 2 0 1 4 in 
perch Perca fluviatilis; Jo rgensen et al., 2 0 0 9 in r a inbow t rou t Oncorhynchus mykiss; Oros 
et al., 2 0 1 4 in rept i les inc lud ing var ious snakes , sea tu r t l es and l izards) or neop las t i c les ions . 

- 68-



General discussion 

Immunoh i s to chemi s t r y conf i rms t h e or ig in of t h e neop las t i c l es ions : can ine neop las t i c les ions 
were inves t iga ted by C iapu ta et a l . (2016) in mixed-breed d o g s ; K im et a l . (2015) in Ma l t ese 
d o g ; K im et a l . (2016) in G o l d e n Retr iever; Macr i i et a l . (2015) in Ge rman Shephe rd inbred ; 
Park et a l . (2016) in Ma l t e se d o g . Fel ine neop las t i c les ions were examined by As ian et al . 
(2014) in S i amese cat; Fi lho et a l . (2015) in Pers ian cat. Av ian neop las t i c les ions were s tud i ed 
by T imurkaan et a l . (2016) in budger iga r (Melopsittacus undulatus) and i ch thyo log ica l 
neop las t i c les ions were t e s t ed by laria et a l . (2019) in four fish t u m o u r s ; by Paque t te et al . 
(2015) in zebra fish, by Sirri et a l . (2010 ) and by Y a s u m o t o et a l . (2015) b o t h in c o m m o n 
carp. The IHC resul ts and the i r in te rpre ta t ion are i m p o r t a n t for t r e a t m e n t dec i s ions and may 
also lead to s u b s e q u e n t t a rge ted therapy as d o c u m e n t e d by K im et a l . (2016) in mas t cells 
t u m o u r s in G o l d e n Retr ievers. 

The a im of ou r s e c o n d s tudy was to examine t h e spec i f ic i ty and sens i t i v i ty of var ious 
i m m u n o h i s t o c h e m i c a l markers in juveni le s ter le t (Acipenser ruthenus). W e t e s t e d a panel 
of commerc ia l l y avai lable an t i bod i e s rout ine ly u sed in h u m a n med i c ine to desc r ibe thym ic 
c o m p o n e n t s . W i d e range cy tokera t in , v iment in , S-100 prote in , LCA (CD45) and CD3 were 
app l i ed , d i s cuss i on of t he resul ts o b t a i n e d was p rov ided . Examina t ion of w i d e range 
cy tokera t in (cytokerat in AE1/AE3) , v imen t in and S-100 prote in was success fu l , and the results 
ob t a i ned were pos i t i ve and conc lus ive . Our s tudy con f i rmed t h e poss ib i l i t y of commerc ia l l y 
avai lable h u m a n a n t i b o d y app l i ca t ion on fish t i s sue . In add i t i on , examina t i on of LCA (CD45) 
and CD3 was negat ive as the a n t i b o d y d id no t react w i th t he an t igen or t h e final resul t s h o w e d 
cross-reactivity. Thus, negat ive , or inconc lus ive resul ts respect ively, s u p p o r t t h e impo r t ance 
of genera t ing fish spec i f ic an t i bod i e s . The app l i ca t ion of IHC in fish may con t r i bu t e t o more 
comprehens i ve k n o w l e d g e of an t igen se t t ings under spec i f ic phys io log i ca l cond i t i ons . 
Immunoh i s to chemi s t r y (IHC) thus prov ides s u p p l e m e n t a l i n fo rma t ion to rout ine h i s to log ica l 
a s ses smen t . 

Haematology of polyploid sturgeons  

S tu rgeons exh ib i t large g e n o m e s a m o n g fishes (Gregory and Wi t t , 2 0 0 8 ; Smi th and 
Gregory, 2 0 0 9 ) and these are wel l k n o w n for the i r po l yp lo idy or ig in . Ac ipense r i f o rmes have 
a h igh to le rance for hybr id iza t ion as wel l as for s p o n t a n e o u s d o u b l i n g of c h r o m o s o m e sets 
( au topo l yp lo id iza t ion ) (Havelka et al., 2 0 1 6 ) . It is w o r t h no t i ng tha t a m o n g ver tebrates , 
s tu rgeons exh ib i t t h e s e c o n d h ighes t c h r o m o s o m e c o u n t (Havelka et al., 2 0 1 6 ) . Cell and 
nuclear s ize b o t h corre late s t rongly w i th g e n o m e s ize and w i th each o the r in ray-finned and 
car t i l ag inous fishes. These re la t ionsh ips remain s ign i f i cant at each t a x o n o m i c level and ex is t 
i ndependen t l y of phy logeny (Hardie and Heber t , 2 0 0 3 ) . The c h r o m o s o m e n u m b e r pos i t i ve ly 
corre lates w i t h DNA con t en t a m o n g fishes (Smith and Gregory, 2 0 0 9 ) . Increased cel lular and 
nuclear v o l u m e due to the add i t i ona l c h r o m o s o m a l set or sets is ba lanced by reduced cell 
numbers (Benfey, 1999 ; Max ime , 2 0 0 8 ) . 

In our study, w e examined wh i t e b l o o d cell parameters on di f ferent p lo idy level cu l tu red 
s tu rgeons . Acipenser ruthenus was a func t iona l l y d ip lo id (2n) representat ive , Acipenser 
gueldenstaedtii r ep resen ted t h e func t iona l l y t e t r ap lo id (4n) gvoup and Acipenser brevirostrum 
t he hexap lo id g roup (6n). Our s tudy involved annua l haemato log i ca l examina t i on of juveni le 
representa t i ves cu l tu red in a rec i rcu lat ing aquacu l tu re s ys tem (RAS) under s tab le cond i t i ons 
over a pe r iod of one year. The to ta l n u m b e r of l eukocy tes and di f ferent ia l l eukocy te coun ts 
were es tab l i shed , and t h e da ta o b t a i n e d were stat is t ica l ly eva luated (manusc r ip t under 
revis ion in Veter inary Med i c ine ) . In our study, no b las ts were p resent in b l o o d smears and 
van ish ing cells were no t invo lved in di f ferent ia l coun t s . Van i sh ing cel ls were usual ly p resen t 
as cel ls w i th d i s in tegra ted cell membrane , " g h o s t " nucle i or just as c lusters of rema in ing 
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cy top lasmic granules (or ig inat ing f rom van ish ing eos inoph i l s ) . Such cel ls shou ld no t be 
c lass i f ied as d i s t inc t wh i t e b l o o d cells ( eos inoph i l s , or neut roph i l s ) . Moreover , t he n u m b e r of 
nuc lear s e g m e n t s w o u l d no t be poss ib l e to assess in t he se van i sh ing e l ements . 

In our study, w e d id no t prov ide fu r the r d iv i s ion to mye locy tes and me tamye locy t e s . Bands 
as younge r f o rms and s e g m e n t s as deve lopmenta l l y ma tu red cel ls we re only d i s t i ngu i shed . 

It is w o r t h no t i ng tha t s o m e sc ien t i s t s sti l l encoun te r ed t h r o m b o c y t e s and th rombocy te-
like cel ls w i th in di f ferent ia l coun t s of l eukocy tes (Know les et al., 2 0 0 6 ; Zex ia et al., 2 0 0 7 ) . 
Nowadays , t h r o m b o c y t e s are be l i eved to b e l o n g to an indiv idual b l o o d cell ca tegory 
(Khandekar et al., 2 0 1 2 ; S v o b o d o v a et al., 2 0 1 2 ) w i th un ique f unc t i on and or ig in . 

The to ta l n u m b e r of l eukocy tes (TL) was 4 0 . 9 3 1 7 .24x10 9 /L for d ip lo ids , 2 0 . 6 3 1 1 . 2 0 x 1 0 V L 
for te t rap lo ids , 14 .137.72x1 O V L f o r hexap lo ids . TL dec reased w i th increas ing p lo idy level . The 
h ighes t n u m b e r of l eukocy tes was reached dur ing S e p t e m b e r and O c t o b e r for A. ruthenus 
and A. brevirostrum, f r om O c t o b e r to January for A gueldenstaedtii (s tat ist ica l ly s ign i f i cant 
f ind ing) . L ymphocy tes d o m i n a t e d ( 7 6 . 8 9 - 8 0 . 1 4 % ) in di f ferent ia l coun t s and were f o u n d to 
be reduced in June and July in each group . Granu locy tes were represen ted by neu t roph i l s and 
eos inoph i l s . O u t of all t he l eukocy tes , neu t roph i l s represented 1 3 . 0 - 1 8 . 7 % and eos inoph i l s 
5.7-6.1 % , respect ively . Increasing n u m b e r of nuc lear s e g m e n t s in g ranu locy tes was d e p e n d e n t 
on increas ing p lo idy level . Nuc lear s e g m e n t a t i o n in l ymphocy tes was a c o m m o n f ind ing in 
h igher p lo idy level g roups . Data sugges t the s ign i f i cant ef fect of p lo idy level on the to ta l 
n u m b e r of l eukocy tes and morpho log i c a l nuc lear changes in g ranu locy tes and l ymphocy tes . 
Annua l var ia t ion in di f ferent ia l l eukocy te coun t s d e p e n d s on the spec ies and var ious externa l 
cond i t i ons rather t han p lo idy level . Thus, k n o w l e d g e of seasona l changes in wh i t e b l o o d cell 
parameters shou ld be cons ide red w h e n pe r fo rm ing haemato log i ca l examina t i ons . 

Ava i lab le haemato log i ca l da ta of annua l and seasona l changes in b l o o d cell parameters 
are scarce, espec ia l l y for s tu rgeons , and have concen t r a t ed mos t l y on red b l o o d cel ls. 
Resul ts of our s tudy shou ld c o m p l e t e our bas ic k n o w l e d g e regard ing s tu rgeon h a e m a t o l o g y 
and phys io logy , respect ively . D i s cuss ion regard ing wh i t e b l o o d cell parameters w i th in 
representa t i ves of part icu lar p lo idy level g roups is p resen ted and s u m m a r i z e d . C o m p a r i s o n of 
spec ies was p e r f o r m e d u p o n the func t iona l p lo idy level sca le (Havelka et al., 2 0 1 1 ) . 

Examina t ion of wh i t e b l o o d cell parameters ( total n u m b e r of l eukocy te and di f ferent ia l 
count ) , as we l l as h i s to log ica l and i m m u n o h i s t o c h e m i c a l examina t i on , respect ively, represent 
the ma in me thod i c a l app roaches for l ympho id organ and i m m u n e sys tem a s s e s s m e n t in 
s tu rgeons . M e t h o d s s h o u l d be app l i ed in i ch thyo log ica l pract ise . The resul ts o b t a i n e d shou ld 
con t r i bu te to f ish hea l th s ta tus eva luat ion . 
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English summary 

Methodical approaches to examination of lymphoid tissues in sturgeons 

Eva Šál ková 

S tu rgeons live on Earth for a l ong pe r iod of t ime , a c ipense r i fo rm f ishes f irst appea red a lready 
dur ing Jurassic pe r i od , as it has been d o c u m e n t e d f rom foss i l records . We l l-deve loped i m m u n e 
sys tem enab led s tu rgeons to face and deal w i th d i f ferent a t t acks (e.g. in fec t ions , s t ress, 
externa l env i ronmenta l cond i t i ons ) , and thus p layed an i m p o r t a n t and crucial role in s tu rgeon 
survival unt i l p resen t days. S tu rgeons exh ib i t large g e n o m e s a m o n g f ishes and are wel l k n o w n 
for the i r po l yp lo idy or ig in . Ac ipense r i f o rmes have a high to le rance for hybr id iza t ion as wel l 
as for s p o n t a n e o u s d o u b l i n g of c h r o m o s o m e sets ( au topo l yp lo id i za t i on ) . In the i r e vo lu t ion , 
at least three i n d e p e n d e n t po l yp lo id i za t i on events have t aken place, in t h e l i terature k n o w n 
as 3R hypo thes i s ( three rounds hypo thes i s ) . It is w o r t h no t ing , t ha t a m o n g ver tebrates , 
s tu rgeons exh ib i t ed s e c o n d h ighes t c h r o m o s o m e count . 

Therefore, t he present research f o c u s e d on t h e h a e m a t o p o i e t i c and l ympho id t i s sues 
examina t i on . Representa t i ves of d i f ferent p lo idy level g roups were encoun te r ed in the s tudy : 
s ter let (Acipenser ruthenus) r ep resen ted d ip lo id (2n) group, Russ ian s tu rgeon (Acipenser 
gueldenstaedtii) was c h o s e n as t e t rap lo id g roup representa t i ve (4n), and finally s h o r t n o s e 
s tu rgeon (Acipenser brevirostrum) served as hexap lo id g roup representa t i ve (6n). 

Haema topo i e t i c and l ympho id t i s sues we re convent iona l l y h is to log ica l l y p roces sed , 
ob t a i ned sec t i ons were s ta ined us ing haematoxy l i n and eos in . Advanced h is to log ica l s ta in ing 
m e t h o d s were app l i ed w h e n examin ing t i s sues to map and recogn ize part icu lar cell t ypes 
involved in haemato- and l ymphopo i e s i s (G iemsa s ta in ing , PAS s ta in ing , Perls reac t ion , a lc ian 
blue) . Hassal l ' s co rpusc les were de t e c t ed in thymi , par t i cu lar in the thym ic medu l l a ; t o our 
know ledge , it was t h e f irst desc r i p t i on of Hassal l ' s co rpusc l es in s tu rgeons . 

Subsequent ly , t he t h y m u s of juveni le s ter let (Acipenser ruthenus) was exam ined 
immunoh i s tochemica l l y . The w i d e range cy tokera t in , v imen t in , S-100 prote in , l eukocy te 
c o m m o n an t igen LCA (CD45) and CD3 were se lec ted as the markers to map the thym ic 
m ic roenv i ronment . Commerc ia l l y avai lable h u m a n an t i bod i e s were app l i ed on f ish t i ssue , and 
w ide range cy tokera t in , v imen t in , S-100 prote in b rough t conc lus i ve resul ts and d i s t i ngu i shed 
nature of d i f ferent m i c roenv i ronmenta l c o m p o n e n t s . Contrari ly, LCA and CD3 app l i ca t ion 
was negat ive or inconc lus ive , and fa i led . S tudy con f i rmed the poss ib i l i t y of h u m a n an t i body 
app l i ca t ion on f ish t i ssue , t o g e t h e r w i th t h e need to genera te f ish and spec ies-spec i f ic 
an t ibod ies , mos t l y w h e n examin ing l ympho id t i s sues . 

Except for the h is to log ica l and i m m u n o h i s t o c h e m i c a l examina t i on , respect ively, t he 
l ympho id or i m m u n e sys tem shou ld be t e s t e d w h e n us ing t h e de t e rm ina t i on of wh i t e 
b l o o d cell parameters . Generally, t he b l o o d is more easi ly access ib le (vessel puncture ) , and 
the de t e rm ina t i on of t he to ta l n u m b e r of l eukocy tes and the di f ferent ia l coun t s represent 
impo r t an t f ish hea l th and phys io logy s ta tus . 

Under t he study, representa t i ves of th ree d i f ferent p lo idy level g roups were t e s t e d and wh i t e 
b l o o d cell parameters were m o n i t o r e d mon th l y dur ing a pe r iod of one year. Data sugges t ed 
the s ign i f i cant ef fect of p lo idy level on to ta l n u m b e r of l eukocy tes and morpho log i c a l nuc lear 
changes in granu locy tes and l ymphocy tes . Annua l var ia t ion in di f ferent ia l l eukocy te coun ts 
d e p e n d e d on t h e spec ies and in f luence of var ious externa l cond i t i ons rather t han p lo idy level . 

Examina t ion of wh i t e b l o o d cell parameters ( total n u m b e r of l eukocy te and di f ferent ia l 
count ) , as wel l as h i s to log ica l and i m m u n o h i s t o c h e m i c a l examina t i on , respect ively, represent 
the ma in me thod i c a l app roaches for l ympho id organs and i m m u n e sys tem a s s e s s m e n t in 
s tu rgeons . M e t h o d s s h o u l d be app l i ed and avai lable in an i ch thyo log ica l pract ise . O b t a i n e d 
results con t r i bu te t o f ish hea l th s ta tus eva lua t ion . 
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Czech summary 

Czech summary 

Metodické přístupy k vyšetření lymfoidních tkání jeseterů 

Eva Šál ková 

Jeseteři se na Zemi vyskytují již více než 2 0 0 milionů let, jak dokládají fosilní nálezy pocházející 
z období Jury. Přežití do současnosti j im umožnil dobře vyvinutý a fungující obranný systém, 
zajišťující o d o l n o s t vůči mnohým zevním faktorům (např. podmínky zevního prostředí, infekce, 
různé stresové s i tuace) . 

Jeseteři j sou známí poměrně velkým g e n o m e m a náchylností k polyploidizačním událostem. 
Mez i obra t lovc i j sou pak uváděni jako zástupci s druhým nejvyšším doloženým počtem 
chromosomů. Je známo, že v evo luc i jeseterovitých ryb se uskutečnily tři celogenomové 
dupl ikace , označované jako 3R hypotéza (3 rounds hypo thes i s ) . Na základě této zna los t i je 
možno jeseterovité ryby členit do různých ploidních skup in , s tím pak souvisí i rozdílné počty 
chromozómů u jednotlivých zástupců. 

V naší práci j sme se zaměřili na vyšetření hematopoetické a lymfoidní tkáně u jeseterů. S tud ie 
byly prováděny na zástupcích jednotlivých ploidních úrovní: j ese ter malý (Acipenser ruthenus) 
byl vybrán jako zástupce diploidní skup iny (2n), jeseter ruský (Acipenser gueldenstaedtii) jako 
zástupce tetraploidní (4n) a jeseter krátkorypý (Acipenser brevirostrum) jako představitel 
hexaploidní skup iny jeseterů (6n). 

U jesetera malého (Acipenser ruthenus) a jesetera krátkorypého (Acipenser brevirostrum) 
j sme provedl i histologické vyšetření hematopoetických a lymfoidních tkání. Tkáně byly 
k las icky zpracovány a obarveny hema toxy l i nem a e o s i n e m . K bližšímu určení jednotlivých 
typů hematopoetických a lymfoidních buněk j sme použili další histologická barvení, a to 
především barvení dle Giemsy, barvení m e t o d o u PAS, alciánovou modří a reakci na průkaz 
železa (Per lsova reakce) . Při vyšetření t h y m u j sme ve dřeni objevi l i Hassa l lova tělíska. Pod le 
dostupných informací je naše sdělení považováno za první pop i s Hassallových tělísek v t h y m u 
jeseterů. 

Následovala s tud ie , která se zabývala imunohistochemickým vyšetřením t h y m u juvenilního 
jesetera malého. K vyšetření j sme použili komerčně dostupné protilátky běžně používané 
v humánní medicíně a d i agnos t i ce . Pro mapování thymického mikroprostředí j sme použili 
širokospektrý cy tokera t in , v iment in , S-100 prote in , l eukocy te c o m m o n antigén (LCA, CD45) , 
CD3 . Pozitivní výsledky j sme zaznamena l i při vyšetření širokospektrého cy tokera t inu , v imen t inu 
a S-100 pro te inu , zatímco vyšetření LCA a CD3 přineslo negativní n e b o neprůkazné výsledky. 
Získané výsledky ukazují na možnost použití některých komerčně dostupných protilátek při 
vyšetřování tkání ryb, zároveň však poukazují na n u t n o s t vývoje druhově a tkáňově specifických 
rybích protilátek (převážně u lymfoidních markerů). 

Hematologické vyšetření, především pak stanovení parametrů bílého krevního obrazu , 
představuje další z přístupů umožňující zkoumání a posouzení lymfoidních tkání u jeseterů. 
Odběr krve je, ve srovnání s potřebou tkání pro histologické vyšetření, t echn i cky jednodušší, 
dostupnější pro vyšetření. Stanovení celkového počtu bílých krv inek a diferenciálního rozpočtu 
pak přináší důležité ukaza te le celkového zdravotního stavu ryb. 

Naše s tud ie se zaměřila na sledování parametrů bílého krevního obrazu a jejich změn 
v průběhu j e d n o h o roku u zástupců tří různých ploidních úrovní jeseterů. Měsíčně j sme 
u dese t i jedinců různých ploidních úrovní vyšetřili paramet ry bílého krevního ob razu . Získaná 
data ukázala, že ploidní úroveň ovlivňuje celkový počet l eukocy tu a podílí se na morfologických 
jaderných změnách granulocytů a lymfocytů. Naopak sezónní změny bílého krevního obrazu 
j sou závislé více na d ruhu jesetera a v l ivech vnějšího prostředí než na ploidní úrovni. 
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Vyšetření bílého krevního obrazu (stanovení celkového počtu l eukocy tu a diferenciálního 
rozpočtu) a histologické vyšetření tkání, a t o včetně techn i cky náročnější i m u n o h i s t o c h e m i e , 
představuje hlavní metodické přístupy při posuzování lymfoidních orgánů a imunitního stavu 
jeseterů. M e t o d y m o h o u být používány v ichtyologických laboratoří a výstupy jednotlivých 
vyšetření představují důležité ukaza te le při posuzování celkového zdravotního stavu ryb. 
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