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Extract 

Serial changes in hemoglobin, hematocrit, erythrocyte (RBC) 2,3-diphosphoglycerate 
(2,3-DPG), and whole blood oxygen affinity were studied in piglets. In the newborn 
piglet, the Pso averaged 19.0 mm Hg at birth and the erythrocyte 2,3-DPG was 1,670 
mpmol/ml RBC's. Within 48 hr of birth, these values had increased to 27.4 mm Hg 
and 6,600 mpmol/ml RBC's, respectively. Normal adult values were reached by 1 
month of age. The P50 bore a direct relationship to the erythrocyte 2,3-DPG concen- 
tration. 

The mechanism triggering the rapid rise in erythrocyte 2,3-DPG and the abrupt in- 
crease in P50 in the newborn piglet remains unexplained. The rise in 2,3-DPG may be 
a result of alterations in plasma pH, a sudden rise in plasma inorganic phosphate, or 
the presence of a metabolizable substrate such as dihydroxyacetone that was not pres- 
ent in the fetal environment. I t  remains to be determined whether the 2,3-DPG 
effect on P50 is a result of direct interaction with hemoglobin or a consequence ot al- 
terations in intracellular pH. 



The go at wa s t he fi r s t species in which d i ff e rences between the o xy ge n
a ff in ity of m a ternal a nd fe tal bl oo d was observed ( 12 ). With the e xceptio n
of the cat (16) . i n a ll species s tudied t o date (3 ), the blood of th e fetus
has been foun d t o h ave a higher a ffi n ity fo r oxy ge n than th at o f the mothe r .
In m a n , th e mos t m ammalian spe c ies (goat. sheep, r abbit, Iron , an d do a ).
the p ostnatal decrease o f oxy ge n a ff i n it y of the whol e b lood to th a t of th e
normal a dul t occurs dur ing the fi r s t six month s of li fe (2. 8 , 9. 10. 11, 16 .
17 . 18 ,1 9 ).

Ica c tor-s c a u s ing th e pos tnatal dec r-e a se in bl ood ox ygen a ff in ity in clude
th e r e pl a c e m e n t of fe t a l by ad ult ty pe s of hemoglobin . a lte r a t io ns in red ce ll
hydro ge n ion conc entration. a nd changes in th e conc ent r a t ion of r ed c e ll
o r ga n ic phos pha tes suc h a s 2. 3 -dip hosphog lyccrate (4 . 5.8).

T h e present s tud y wa s conducted in an a ttempt to cha r a c teri z e the na tu re
a nd ti rne of the c hange in the whol e b lood o xyge n a ffinity o f p ig le ts .

MA T E IUA LS A ;\;D

F ifty - n ine pi gle t s, weighin g 75 0 to 1:350 g r a m s a t bi r th, f rom seven
d i ff e r ent litt e rs we r t; s tu d ied . In most instances , the an i m a ls we r e studied
a t b ir th , at 12 and 48 ho urs o f li fe . 4, 10, a nd 17 days of age , a n d the n
weckly u nti l two a nd on e-h alf m onth s of ag e . In addi ti on , random ly se lected
pigs were stud ie d a t 3, 5 , a nd 12 months o f ag e ,

Six to ten mill il ite r s of bl ood we r e obta ine d fr o m each piglet by e ither
ca r d i a c or ju gu lar v e in pu nc tu r e . T he s am ple s we re c oll e ct e d in h e pa rin
a nd kept c hi lle d in we t ic c u nti l th e ti me of a na ly s is .

In a ll s amples, mc a s ur r-m c ut s of hcm ogl obin , h e m a toc r i t , pe rcen t fe t a l
h e moglo bin (2 1) , red ce ll 2, a -dtp bos phogly ccr-a t e (2, 3 - D PG) concen tration ,
a nd dete r m i na ti on of the he m og lob in - oxyge n e quilibr iu m curve were
pe rfo r med .

Re d cel t 2.3 - D P G was m e a sured by a ruo di fic a tion o f th e K ri m s ky ( 15 )
m ethod previously d e s c ribe d (8) .

The oxyge n - h e m oglob in e qu i l ibriu m c u r-ve s were o bt a in ed by direc tl y m e a 
a u r-Ing the oxy gen t e ns ion , p l l , a nd o xygen s atu r atio n fo ll o wi ng e quil i b ration
of wh ole b lood (a t a c ons tant c a r bo n diox ide te ns io n ) at va ry ing oxygen
contents. F ou r to s e ve n po in ts were o bt a ine d fo r e ach curve with oxy gen
s atu r a tion r a n gin g from 30 to 70 pe r c e nt at a constan t tem peratu r e o f :n o

C . The PSO ' whic h is the partial pr -o s a u r-e of oxygen for ox yhemoglobin
s aturation , wa s th en o bt a in ed fro m t he r egression l in e drawn t h rough th e
data p oints of the steep part of til e c u r ve (8) . All Psds were co r r ected to
a pl I of 7.4 0 u s ing the B ohr Fac to r of - 0 .-385 (20) a nd tem perature :39.6°
Cent ig r a de (no r m a l pi g tem pe rature). Oxyge n capacity in millili ters of oxygen
per 100 m l o f b lood was c a lcul a t e d by m ul t i plf c a t ion of th e he moglobin co ncen 
trati on in g rams pe r 100 ml by 1. 39 (23) .

Samples of b lo od from ea c h litter, as we ll ali bl ood f rom the sow .
were e m p lo yed fo r hemogl obin c lec t rophorcs t s on sta rch ge l. pH 8.6 ( J:H.

H E SULTS

T he da ta ob tained [r o m t he studie s o f 59 p igte ta is p r-caentcd in Table
I and Figu re 1. A t t e r m b i rth , t he m ean P 50 was 10.0 :::. 1. 3 m ru H g
and the r e d c e ll 2 . 3 - DPG a verage d 167 0 ... 6 10 111ui\lolcJ;;/ rn l HBC 1s . Du ring
th e . fi r s t 48 hou r s o f li fe , bo th the P 50 an d r ed <:e lt 2 , 3 - DP G r os e
r ap id ly a nd, by th e e nd o f th e second (Jay o f l t f e, average d 27 . 4 m ill I1g a nd
66 00 m U1\l o lc $ / m l HB C's resp e c ti ve ly.

Th e P I; Q and the red cell 2, 3 -DPG conce n t r a ti on th en gradu a ll y in 
c rea s e d and r e a c he d n orm a l ad ult va lues by t h e t hir d to fourth we e k of l i fe .

the r ed cc l l 2. 3 -

A high ly signif ic a nt dir-e c t r el a t ionship (r' " 0 .94 ) wa s oh s c rvod be tw ee n
t he P SG v a lu e an d th e r-ed cell :l. couc c-n t r-a t io n (F'i gu r-c 2) .

At no time was fe ta l h e m ogl obi n demonstr ab l e by c i t he r al kali den atu r-.
at.ion or he moglobin c l c c tr-ophor-c s Ls,

DISC I:SSIO "

I n the pig l e t. un lik e till' hum an in fa n t . i t wou ld app ea r- th a t the dcc r-ca ae
i n hemoqlobtrr-oxygen a ffi n it y th at oc c u r -s in the postnat a l perio d is c n t i r-cl y
m edia te d via ch anges in r e d c e l l 2. concent r ation . In the human.
b o t h red cell 2 , 3 - DPG c oncent r ati o n as we ll as t he amount of fe ta l he moglob in
ser v e to d e te rmin e the p os i tion of th e c urve (8 ). Ex tens iv e s tu di c s emp loy ing
b lood frorn both a du lt and fe ta l e mploying techn iqu c :; t ha t includcd e lt'ct ro
p hore s is o n star ch b lo c k an d <.:e ll u lo:')c aceta te . ch rom a tograph y on DE A E 
sepha de x , denatu ration by aci d , a lk a li emd heat, s pe c t ral an a ly s is fa il ed to
l'(;'v eal any significa nt diffe renc e::; ( 14 ). In add i ti on, c h rom atograp h)' .
pho r esb . and finger -printin g o f 1:iepa t"Cl lcd a lp ha and non -alpha c h a ins o f feta l
pig helilo g iobi n failed to reveal t he prc :ien ee o f an y fe t a l type tWlllOgl ob in
d n ring an y s tage of de ve lop m e nt (22) . Th es e 1:itud ic:') a n d the ob:; e rved rap id
c hange s in P 50 re p orted in th i 1:i s tudy m a ke it h ig hly unli k c ly th a t
i n hem oglobin ty pe are r espons ibl e for the alterat io ns in r e d cell oxygen
a ffinity t ha t occur s o promptly in the newborn pe r iod in th e pigle t.
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In the pigle t and th e huma n in fan t , t he affinity o f hemoglobin fo r ox yg e n
eventually r e a ches va lu es t ha t are ev en lower than t hat observed in the normal
adult. In the pig, the no r mal ad ult v a lue s are ach ieved by 5 mon th s o f ag-e .
wh il e in th e human t he s e v a lues may not b e r eached until pub c s ccncc (7 ).

B e cau s e of this ap pa ren t pu r e 2.3-DPG effect on m odula t ing he m o 
glo b in's affinit y fo r ox ygen, th e p ig let a ppears t o be a n idea l m odel for the
s tudy o f the r el ati onships b etween red c e ll 2.3 - DPG, he m oglob in - oxy ge n
a ffin it y, and ox ygen t rans por t a nd de li very .

SUM MA RY

Se que n ti a l m e-asu r-e ment s o f r ed cell 2, (2, :\ 
lJPG) and whole b lo od ox y gen a ffi ni ty were per-for-m e d i n pigle ts 1'1"0 11\ b i r-th .
These s tud ies demonst r a te a p r e c is e cor r e lation betw e e n th e 2. con ten t
o f th e e r y th r o cytes and th e pos itio n o f th e o xy ge n - hem oglob in e q ui l ib r lum
c u r v e a nd the absenc e o f a fe tal hc rn o gl ob in ,
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Por (pH 740) mrnHg 

Figure 1 .  Oxygen-hemoglobin equilibrium curves of 

blood from p i g l e t s  a t  d i f f e r e n t  postnatal  

ages;  each curve represents the mean value 

o f  the p i g l e t s  studied i n  each age group. 
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2.3-DPG (rnpmoles/rnl RBC) 

Figure 2 .  The P50 and t o t a l  red c e l l  2.3-diphospho- 

s lycerate  for  a l l  p i g l e t s  a t  d i f ferent  

postnatal  ages .  

TABLE I 

POSTNATAL OXYGEN TRANSPORT OF 59 PIGLETS 

- 

Number Age T o t a l  Hb 0 c a p a c i t y  Hct a t  
of of gmllOO ml f11100 ml i n  7.40 

Piglets P i g l e t s  of Blood of Blood (7.) (mHg) 
- - 

1 5  B i r t h  1 0 . 5  14 .6  35.1 19 .0  
f 1 . 6  +2.0 +5.2 5 1 . 3  - - 

1 3  1 2  hrs 10.9 14 .8  36.6 20.8 
f1 .2  +1.8 +5.3 21.1 - - - 

1 3  24 h r s  9 .8  13.6 33.1 25.8 
k l . 0  H . 8  +5 .1  2 0 . 6  

1 2  4 d a y s  8 .7  12 .0  29.3 28.9 
+0.8 +0.6 C2.6 21 .6  - 

11 1 0  d a y s  9.3 13 .0  31.3 29.5 
+O. 6 - +l.O f 2 . 5  A l . 0  

1 0  23 days  11.3 15.7 37.8 33.0 
+0.6 f f l . 9  12.4 20 .7  

1 0  3 1  d a y s  10 .8  15 .0  36.0 33.0 
+0.6 ffl.7 +2.3 50 .6  - 

1 0  38 days  11.1 15.5 37.2 33.5 
c 0 . 4  C0.5 +0.2 5 0 . 4  

1 2  60 d a y s  1 0 . 5  14 .6  36.5 35.0 
+0.5 20 .6  - + l . 3  5 0 . 2  

1 0  75 days  10.8 14.7 36.5 35 .5  
+0. 7 H . 8  +1.6 2 0 . 4  - 

12  3 months 10 .0  13 .9  36.0 33 .5  
+O. 9 ff l .7 +2 .1  50 .6  - - - 

6 5 months 11 .4  15 .9  37.7 33.0 
+0.8 +0.8 C1.3 5 1 . 0  - - - 

A l l  v a l u e s  are g i v e n  as  mean + one s t a n d a r d  d e v i a t i o n  (SD). 
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