
The morphometric investigation of prenatal 
erythropoiesis in the rat spleen 

Erdoğan KOCAMAZ, Ramazan DEMİR 

Dept. of Histology and Embriyology, Medical School of Akdeniz University, Antalya, T U R K E Y 

In this study, a total of 36 white rats (Ratlus Norvegicus), 6 of each embryo being in the 14-19th days of pregnancy were 
used in order to determine the blood formation (erythropoiesis) in the embryonic rat spleen morphometrically. The 
erythropoiesis rate in the embryonic spleen was determined morphometrically through statistical methods by taking base 
the nucleus diameters of the erythropoietic serial cells. The spleen was observed for the first time in the 15th day of 
pregnancy and with the first appearance of the erythropoietic cells in the spleen. Erythropoiesis began in the 17th day and 
increased gradually. The nucleus diameters of the erythropoietic cells in the 15th, 16th and 17th days were 7,13 \im, 7.45 
\un and 7.43 u/n respectively, and 6,18 urn in the 18th day and 5,60 um in the 19th day. It is concluded that the relation 
between the developing spleen and the erythropoiesis was set in the 17th day and that the erythropoiesis rate gradually 
increased in the 18th and 19th days dependent on the development age. [Turk J Med Res 1995, 13(3): 86-89] 
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T h e b l o o d f o r m a t i o n ( e r y t h r o p o i e s i s ) w i t h i n t h e 
e m b r y o n i c l ife In m a m m a l i a n s o c c u r s in the v i te l lus 
s a c , l iver, s p l e e n a n d the b o n e mar row, respec t i ve ly 
(1-3). I t is k n o w n that e r y th ropo ies i s is s ta r ted a n d 
c o n t i n u e d b y h e m o p o i e t i c s t e m ce l l ( H S C ) a n d that 
t h e s e ce l l s b ranch into b l ood ce l l s , s a v e a n d r e n e w 
the s t e m cel l popu la t ion (4,5). I t h a s b e e n s ta ted by 
seve ra l repor ts that the hemopo ie t i c ce l ls a re migrat ing 
b e t w e e n h e m o p o i e t i c o r g a n s (6); that on ly def in i t ive 
s t e m ce l ls part ic ipate in the c i rcu la t ion a n d start b lood 
format ion in o ther hemopo ie t i c t i s s u e s (7); that in the 
8th a n d 9th d a y s o f p r e g n a n c y in rodent ia (rat, m o u s e , 
etc.) the h e m o p o i e t i c cen te rs a n d ang iob las t l c c o r d s 
a r e first s e e n in the v l sse ra l connec t i ng t i s s u e of the 
v i te l lus s a c (8); that the H S C n e e d an induct ive ex 
o g e n o u s suppor t for a b lood format ion in the l iver (9); 
that the H S C are t ranspor ted by b l ood f rom reg ions 
w h i c h fo rmer l y w e r e ac t i ve i n b l o o d fo rmat ion (10); 
that the s t romal s t em cel l popu la t ion u n d e r g o e s impor
tant c h a n g e s d e p e n d e n t o n the p r e g n a n c y a g e ; the 
n u m b e r i n H S C i n the s p l e e n a l s o d e c r e a s e s w h e n 
b lood format ion in the b o n e mar row beg ins (11). T h e 
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d i f ferent o p i n i o n s a b o u t t he first e m b r y o n i c p h a s e , 
w h e r e the s p l e e n i s o b s e r v e d , h a v e c a u s e d va r i ous 
d i s c u s s i o n s to a r i se (2 ,12-14) . 

S o m e p h y s i o l o g i c a l cond i t i ons (in t he c a s e s o f 
h y p o x i a , h e m o r r h a g e a n d ery throp ie t in in ject ion) re
lated with the b lood fo rmat ion h a v e a l s o b e e n c o m 
p a r e d para l le l to the embryo log i ca l deve lopmen t of the 
s p l e e n (15-20) . T h e s e repor ts s h o w that d i s c u s s i o n s 
about the deve lopmen t o f the s p l e e n , the b lood f o r m a 
tion in the s p l e e n a n d abou t the phys io log ica l c o n d i 
t ions still con t inue . 

In a s tudy per fo rmed on h u m a n mater ia l (21), a 
d e c r e a s e in the h e m o g l o b i n F (HbF) level within the 
intrauter ine life h a s b e e n interpreted as an i n c r e a s e o f 
the e ry th ropo ies i s . S a s a k i K a n d M a t s u m u r a G (14) 
h a v e t r i e d t o i n t e r p r e t e t h e m o u s e s p l e e n 
e r y t h r o p o i e s i s b y m e a s u r i n g the n u c l e u s d i a m e t e r s . 
F r o m t h i s p o i n t , w e a i m e d t o i n t e r p r e t e t h e 
ery thropo ies is rate by m e a s u r i n g the nuc lea r d i ame te r s 
of the erythropoiet ic ce l l s for rat s p l e e n in the p rena ta l 
per iod. 

MATERIALS AND METHODS 
A total of 36 rats (Rat tus Norveg icus ) inc lud ing 6 of 
14 ,15 ,16 ,17 ,18 a n d 1 9 d a y s o ld e m b r y o s e a c h w e r e 
u s e d in th is s tudy. T h e a b d o m e n s of the p regnan t rats 
we re o p e n e d under e ther a n e s t h e s i a . T h e 14 ,15 and 
16 d a y s o ld e m b r y o s w e r e total ly t a k e n a n d o f the 
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1 7 , 1 8 a n d 1 9 d a y s o l d e m b r i y o s , r e m o v i n g the i r 
h e a d s , o n l y the i r b o d i e s w e r e t a k e n . T h e i r t i s s u e 
s a m p l e s w e r e f i xed i m m e d i a t e l y i n t he Z e n k e r - F o r -
m a l l n - A c e t i c a c i d so l u t i on fo r 6 -7 h o u r s . F o l l o w i n g 
rout ine h is to log ica l t echn i cs , the s a m p l e s we re put into 
paraff in a n d ser ia l c r o s s - s e c t i o n s of 6 urn we re taken 
f r o m t h e t i s s u e b l o c k s . H e m a t o x i l e n - E o s i n , M a y -
G r i i n w a l d - G i e m s a a n d M a x i m o v s ta in ing techn ics we re 
a p p l i e d t o the c r o s s - s e c t i o n s (22). A n o c u l a r s c a l a 
b e i n g a s s e m b l e d t o t he N i k o n op t iphot m i c r o s c o p e 
w a s u s e d to m e a s u r e the n u c l e u s d i a m e t e r s o f the 
erythropoiet ic ce l ls in the e m b r y o n i c s p l e e n . T h e iden
ti f ication o f the erythropoiet ic ce l l s w a s m a d e a c c o r d 
ing to S a s a k i a n d M a t s u m a r a (8), a n d the meas u r i n g 
o f the n u c l e u s d iamete r acco rd i ng to S e s a k i a n d Mat
s u m a r a 1987 (14). Fo r e a c h test g roup , the n u c l e u s 
d iame te rs of 10 randomly s e l e c t e d ce l l s , in an a r e a of 
2 5 0 0 s q u a r e urn we re m e a s u r e d for e a c h preparat ion 
w h i c h w a s de te rm ined through a def in i te o rder (by in 
te rva ls , l i ke the 1st, 5 th , 10th prepara t ion) f rom the 
ser ia l c r o s s - s e c t i o n s with the s p l e e n in it. In o rder to 
m a k e a c o m m e n t about the e ry th ropo ies is rate a c c o r d 
ing to the n u c l e u s d iamete r m e a s u r e m e n t s (when the 
n u c l e u s d i ame te r d e c r e a s e d , e ry th rop les l s i n c r e a s e d 
a n d w h e n i t i n c r e a s e d , e ry th rop ies is d e c r e a s e d ) , the 
n u c l e u s d i ame te r s we re c o m p a r e d with the fo l lowing 
p h a s e . F o r e x a m p l e , the n u c l e u s d iame te r o f the 15th 
day w a s c o m p a r e d with the 16th d a y a n d that o f the 
16th day , with the 17th day . S i n c e no s p l e e n w a s o b 
s e r v e d in the 14th day , this test g roup w a s let out of 
c o m p a r i s o n . T h e student- t test w a s u s e d for stat ist ical 
eva lua t ions . 

RESULTS 
No s p l e e n format ion w a s o b s e r v e d in the 14th day , 
but i n t he 15 th d a y , r ight u n d e r t he s t o m a c h , the 
s p l e e n w a s o b s e r v e d as a m e s a n c h i m a l th icken ing in 
connec t i on with the s t o m a c h a n d the p a n c r e a s . T h e 
ce l l layer w h i c h c o v e r s the o rgan f rom the outer sur 
f a c e w a s s e e n dark co lo red wh ich l e s s e n e d with the 
i nc reas ing a g e o f p regnancy . Ery thropo ie t ic ce l l s we re 
o b s e r v e d in th is e m b r y o n i c per iod a n d the ary thmet ic 
a v e r a g e of their nuc lea r d iame te rs w a s to be 7 ,13 urn 
( S D : 1,63) ( range 4 -12 urn) a n d a f r equency of 7 urn, 
6 urn (Tab le 1). 

A c c o r d i n g to the m e a s u r e m e n t s in the 16th day , 
the nuc lea r d iame te r o f the erythropoiet ic ce l l s w a s to 
be 7 ,45 urn (SD:1 ,65) , ( range: 4 -12 urn) with a fre
q u e n c y of 7 urn (Table 1). T h e r e w a s no stat ist ical dif
f e rence be tween the 15 a n d the 16 d a y s o ld embr i os 
(p>0.05) (Tab le 2) . 

T h e connec t i on o f the s p l e e n with the s t o m a c h 
a n d p a n c r e a s i n the 17th d a y w a s m o r e s igni f icant , 
t he i n t e r c e l l u l a r i n t e r va l s o b s e r v a b l e . T h e n u c l e a r 
d iamate r w a s 7 ,43 urn (SD:1 ,31 ) with a distr ibut ion of 
4 -10 urn a n d a f r equency of 7 urn (Table 1). T h e r e 
w a s no stat ist ical ly d i f ference b e t w e e n the 16 a n d 17 
d a y s o ld e m b r y o s (p>0.05) (Tab le 2) . 

8 7 

T a b l o 1 . T h e n u c l e a r d i a m e t e r d i s t r i b u t i o n o f t h e 
invest igated ery thropoiet ic ce l l s 

T h e connec t i on o f the s p l e e n with the s t o m a c h 
a n d p a n c r e a s i n the 17th d a y w a s m o r e s ign i f icant , 
the in te rce l lu la r i n te rva ls o b s e r v a t i a b l e . T h e n u c l e a r 
d iameter w a s 7 ,43 urn (SD:1 ,31 ) with a distr ibut ion of 
4 -10 urn a n d a f r e q u e n c y of 7 urn (Table 1). T h e r e 
w a s no stat is t ical d i f fe rence b e t w e e n the 16 a n d 17 
days o ld e m b r y o s (p>0.05) (Tab le 2). 

B e s i d e s be ing m o r e d e v e l o p e d (in te rms of total 
s i z e ) , yet , t h e s p l e e n i n t he 18 th d a y s h o w e d n o 
reg iona l di f ferent iat ion (white-red pu lpa) . T h e r e w a s a 
s igni f icant i n c r e a s e in the b a s o p h y l ery throblast n u m 
ber a n d b e s i d e s th is , e r y t h rocy tes a n d n o r m o b l a s t s 
we re o b s e r v e d in the pr imit ive v e s s e l t ubes . No l ym
phocy tes a n d m e g a k a r y o c y t e s we re a p p e a r e d in th is 
per iod . T h e nuc lea r d i ame te r w a s 6,18 urn ( S D : 1,36), 
the distr ibut ion to be 3 -10 /am with a f r equency of 6 
a n d 7 urn (Tab le 1). T h e d i f ference b e t w e e n the 17 
a n d 1 8 d a y s o ld e m b r y o s w a s s ign i f i can t (p<0,05) 
(Table 2). 

Turk J Med Res 1995; 13 (3) 



88 

In the 19th day of p r e g n a n c y , a c a p s u l e fo rma
tion in the s p l e e n a n d the p r e s e n c e of v e s s e l s in the 
t rabecu lae we re o b s e r v e d for the first t ime. S o m e mor
pho log ica l c h a n g e s dependen t on the i n c r e a s e in the 
n u m b e r o f v e n o s b l o o d s i n u s e s w e r e m a r k e d . T h e 
n u m b e r o f e ry th rocy tes h a d i n c r e a s e d . T h e n u c l e u s 
d iame te r w a s to be 5,6 urn (SD :1 ,44 ) , the distr ibution 
to be 3 -10 urn with a f r equency of 5 urn (Table 1). 
T h e d i f f e r e n c e b e t w e e n the 1 8 a n d 1 9 d a y s o ld 
e m b r y o s w a s s igni f icant (p<0.05) (Tab le 2). 

DISCUSSION 
It is a c o m m o n point of v i ew that there are different 
resu l ts a n d c o m m e n t m e n t s abou t the deve lopmen t o f 
the s p l e e n . Tha t the s p l e e n format ion in m i ce beg ins 
In the 12th (2), 14th (14) and 15th (13) d a y s of p reg
n a n c y a n d in rats in the 16th (12) d a y s h o w s that this 
d i s c u s s i o n i s c o n t i n u o u s . T h e o r g a n o g e n e s i s i s ex 
pec ted to be different for e a c h test an ima l . But the oc 
c u r e n c e of different f ind ings for the s a m e an imal may 
s h o w that the sub ject is worth be ing invest igated and 
d i s c u s s e d . E v e n a s , d e s p i t e o ther s t ud ies (2 ,12-14) 
our resul ts s h o w e d that the s p l e e n d e v e l o p e d in the 
15th d a y i ns tead of the 16th. T h e Indication of the day 
w h e n a s p l e e n is o b s e r v e d for the first t ime is a l s o im
portant in te rms of the beg inn ing of e ry th ropo ies is . In 
o n e of his s tud ies , M a r e c k i (23) s ta ted that the c h a n g e 
in the s i z e of the s p l e e n (width, height, th i ckness) in 
the e m b r y o n i c per iod s h o w e d more i n c r e a s e than that 
o f the pos tna ta l pe r i od . T h e d a r k s t a i ned ou te r ce l l 
layer s h o w e d less s ta in ing charac te r with p rogress ing 
p r e g n a n c y . E x c e s s s ta in ing i s i nev i tab le d u e to the 
n u m e r i c a l a b u n d a n c e o f t h e c e l l s b e i n g i n t h e 
e m b r y o n i c per iod . W h e n in the c o u r s e of t ime f ibroid 
e l e m e n t s e n c l o s e the pro tec t ing c a p s u l e a r o u n d the 
o rgan , then i t t akes l e s s s ta in w h i c h in turn ind ica tes 
that the o rgan in the p r o g r e s s e d p h a s e of p regnancy 
h a s r e a c h e d the n e c e s s a r y s i z e a n d maturity. S a s a k i 
a n d M a t s u m u r a (13) h a v e o b s e r v e d that the m o u s e 
s p l e e n d e v e l o p s i n t h e 1 5 t h d a y i n c l u d i n g t h e 
m e z e n c h i m a l ce l l net in w h i c h free m o n o n u c l e a r ce l ls 
a r e p resen t in a s m a l l number . O u r resu l ts ag ree with 
the s tud ies o f S a s a k i a n d M a t s u m u r a (13). A c c o r d i n g 
to ano ther s tudy (14) o f the s a m e au thors per fo rmed 
on m ice , the f r equency to be o b s e r v e d by mea su r i ng 
the n u c l e u s d iame te rs o f the e ry th rocy te se r ia l ce l l s 
w a s 6-7 mm in the 16th d a y . In the resu l ts o f th is 
s tudy , i t w a s found that the n u c l e u s d iamete r of the 
ery throcyte ser ia l ce l l w a s to be 7 ,45 mm in the 16 
d a y s o ld rat embryo . I t shou ld not be found s t range 
that m i c e a n d rats w h i c h a r e m e m b e r s o f the s a m e 
fami l y m a y h a v e a s im i l a r n u c l e u s d i a m e t e r in th is 
per iod e v e n i f they a re of different s p e c i e s . O u r f ind
ings we re found c l o s e to the s ta ted resu l ts (14). 

H o l y o k o a n d f r i ends (12) h a v e s t a t e d that the 
genera l out look of the s p l e e n in the 17th day d o e s not 
c h a n g e m u c h in rats a n d that e ry th ropo ies is is ma rked 
after that day . S a s a k i a n d M a t s u m u r a (14) h a v e i n -
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f o r m e d that t he f r e q u e n c y i n the n u c l e u s d i a m e t e r 
m e a s u r e m e n t s o f t he e r y t h r o c y t e s e r i a l c e l l s w a s 
abou t 5 mm in m i ce . W h e n t hese resu l ts w e r e c o m 
p a r e d with ou r f i nd ings c o n c e r n i n g the 17 d a y s o ld 
e m b r y o , i t w a s d e t e r m i n e d tha t t he o t h e r r e s u l t s 
s h o w e d no conf i rmi ty e x c e p t for the p r e g n a n c y a g e 
about the p h a s e of e ry thropo ies is format ion. 

I t is i n f o r m e d that in the 18 d a y s o ld m o u s e 
embryo eoz ino f ib ro id g ranu les w e r e s e e n (2), that the 
erythropoiet ic activity i n c r e a s e d a n d the ar ter io les dif
f e r e n t i a t e d (12) ; a n d f u r t h e r m o r e , i t i s s t a t e d tha t 
mitot ic f igures w e r e f requent ly o b s e r v e d in the s p l e e n 
c o r d o n s a n d that the n u m b e r o f h a e m o p o i e t i c ce l l s in 
c r e a s e d s ign i f i can t l y (13). Bo th the h i s t o l og i ca l a n d 
m o r p h o l o g i c a l f i nd i ngs o f ou r s t u d y a g r e e w i th t he 
literature. 

A s tudy per fo rmed on the rat s p l e e n s ta tes that 
the intercel lu lar in tervals g a i n e d a typ ica l s i nus s ight 
towards the 20th d a y (12). O u r f ind ings a g r e e d with 
t hose of H o l y o k e a n d f r iends (12). 

A c c o r d i n g to the in vitro s tudy resu l ts of N a g e l 
and fr ients (24) pe r fo rmed on the rat s p l e e n in the last 
4 d a y s of the e m b r y o n i c l i fe, i t w a s s ta ted that the 
e r y t h r o i d c o l o n y f o r m i n g c e l l s s h o w e d a g r a d u a l 
d e c r e a s e i n n u m b e r . A l t e r e t a l (21) on the o the r 
h a n d , h a v e in fo rmed that the hemog lob in F (HbF) level 
in the h u m a n mater ia l w a s d e c r e a s i n g within the in -
t rauter in l i fe. T h e resu l t s o f the i n v e s t i g a t o r s h a v e 
b e e n in terpreted for both s p e c i e s as an i n c r e a s e in 
the intrauterin erythrocyte p roduc t ion . 

O u r ma themat i ca l resu l ts show ing that erythrocyte 
format ion in the last per iods of p regnancy i n c r e a s e s , 
a g r e e with the resu l ts o f N a g e l (24) a n d A l te r (21), 
S a s a k i a n d M a t s u m u r a ( 1 3 ) h a v e s t a t e d t h a t 
e ry thropo ies is is h ighly ac t ive by a p p r o a c h i n g birth. 

Wi th the determinat ion ( through n u c l e u s d iame te r 
m e a s u r e m e n t s of the ery thropo ie t ic ser ia l cel ls) of a 
g radua l i n c r e a s e in e ry th ropo ies is in p h a s e s c l o s e to 
bir th, we c o n c l u d e d that ou r resu l t s a g r e e with the 
s tud ies S a s a k i a n d M a t s u m u r a (13,14) pe r fo rmed o n 
mice. 

Prenatal d ö n e m e ait s ı ç a n da lağ ında 
kan y a p ı m ı n ı n morfometrik olarak incelenmesi 

Bu çalışmada, embriyona! sıçan dalağındaki kan 
yapımını morfometrik olarak belirlemek amacıyla 
gebeliğin 14-19. günleri arasındaki embriyolardan 
6'şar adet olmak üzere toplam 36 adet beyaz sı
çan (Rattus norvegicus) kullanıldı. Embriyonik da
laktaki kan yapımı (eritropoez) hızı, eritropoetik se
ri hücrelerin nukleus çaplan esas alınarak istatis
tiksel metodlarla morfometrik olarak belirlendi. Ya
pılan gözlemler sonunda: dalağın ilk olarak gebe
liğin 15.gününde gözlendiği, dalakta eritropoetik 
seri hücrelerinin ilk olarak görülmesiyle gebeliğin 
17.gününde, kan yapımının (eritropoez) başladığı 
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ve bu aktivitenin giderek arttığı belirlendi. Eritro
poetik hücrelerin nukleus çapları, gebeliğin 15., 16. 
ve 17. günlerinde sırasıyla 7,13 um, 7,45 um ve 
7,43 um, eritropoez'in artmasıyla 18.günde 6,18 
mm, 19.günde 5,60 um olduğu hesaplandı. Sonuç 
olarak gelişen dalağın eritropoez ile ilişkisinin ge
beliğin 17.gününden itibaren başladığı ve gelişme 
yaşına bağlı olarak gebeliğin 18. ve 19.günlerinde 
eritropoez hızının giderek arttığı belirlendi. [Türk J 
MedRes 1995, 13(3): 86-89) 
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