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Effect of Fructose-1, 6-diphosphate(FDP) on Red Blood Cells
after Extracorporeal Circulation

Jeongryul Lee, M.D.", Jongmyun Hong, M.D.", Yongjin Kim, M.D.",
Joon Ryang Rho, M.D.", Kyungphill Suh, M.D."

Extracorporeal cardiopulmonary bypass(CPB) has been associated with a wide variety of
hematologic derangements, including a transient deformation and hemolysis of red blood
cells(RBCs), which is supposed to be due to mechanical trauma and /or metabolic alt-
erations, Since membrane integrity is, in part, maintained by energy requiring process, in-
adequate function of erythrocyte glycolytic pathway, which is inevitalble during CPB, may
cause depletion of high energy phosphate pool and result in hemolysis. The authors per-
formed an investigation to assess whether administration of Fructose-1, 6-diphsphate
(FDP), which has been known to enhance intracellular glycolytic activities, could counter-
act erythrocyte hemolytic events caused by CPB.

Sixty pateints with cyanotic congenital heart diseases, who underwent open heart sur-
gery under CPB longer than 60 minutes, were randomly divided into two groups depending
on whether use of FDP(Group FDP) or not(Group Control). The age, sex, CPB time, pre-
operative hemoglobin level, disease entities were all similar(Table 1), and membrane type
oxygenators were used in all patients,

In Group, FDP, a dose of 250mg /kg body weight of FDP was administered by int-
ravenous dripping every 12 hours from the morning of the operation to postoperative 48
hours. To demonstrate the degree and pattern of hemolysis of erythrocyte, reticulocyte
count, indirect /direct bilirubin, haptoglobin, plasma hemoglobin, lactate dehydrogenase
were measured every 12 hours from the time of cessation of CPB to 48 hours and RBC
morphologic study, osmotic fragility test were done every 24 hours,

All parameters revealed less hemolytic in group FDP(Fig. 1—5), though the differences
between two groups were not significant, except plasma hemoglobin, lactate deh-
ydrogenase changes. A pattern of sequential changes of plasma hemoglobin, lactate deh-
ydrogenase showed the highest level at the time of CPB stop and abrupt decrease in fol-
lowing 24 hours in both groups, and statistically significant differences were demonstrated
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in group FDP at least for the first 12 hours postoperatively(p<0.05).

The authors conclude that they can expect the benificial effect of FDP on the mainten-
ance of membrane stability of RBC probably by energy enhancement during the shock sta-
tus of CPB, but FDP could not completely prevent the damaging effect on RBC by car-

diopulmonary bypass
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ptoglobin), ¥7 ¥4 x](plasma hemoglobin), %L EH %2
Bk &R £ X (lactate dehydrogenase), 2, 73
W 2N E, &3, As70lgAFE, 1F 12, 24, 36,
48X 7% o) diEte] & 638 A3 £F 48
A ZHAA Q) ZF BEAA BT A3 FolE HEL F
F 709 o) g v BAsgon 6% A7
Hul A2 A4S BFHBo=N Fushy Uy A

Zt BEAF] N AN E S 2 BEFA
l—:"v_‘— 2 HstE go = nAste FAXAE AA
on B T2 WL SASE o] §3A T FE3t
]J.La 3}o] non-paired Student t-testE A}& 3}
o p-value 0.05 ©1&2 #FJFFoz ATt

L_?L' m\m

=& vlw BFsta, BEMRKE5 M (osmotic frag- ili- 2 o}
ty) AALS Ea el AP A xate] kFHE v
23] RUTHE 2). A B AFEQ Fole BF A%, AH7] AHEA
Table 1. Preoperative variables
Variables Unit . Control Group(mean+SE) FDP group{mean+SE) p-value
n=30 n=30
Age months 23.5% 6.7 27.413.9 NS
CPB time minutes 134.8+£10.0 138.8+£9.6 NS
Preop Hb gm% 14.2+ 0.6 15.2+0.6 NS
Preop. cases
diagnosis
TOF 18 22
TAPVC 4 2
TGA 2 1
DORV 2 1
PA+VSD 2 0
C—ECD 1 2
SV 1 2
Oxygenator . membrane type membrane type
used

Legend. SE=standard error ; CPB=cardiopulmonary bypass ; NS=not significant ;: Hb=hemoglobin ;
TOF=tetralogy of Fallot ; TAPVC=total anomalous pulmonary venous connection ; TG A=transposition
of the great arteries ; DORV=double outlet right ventricle ; PA+VSD=pulmonary atresia with ventricu-
lar septal defect ; C-ECD=complete endocardial cushion defect : SV=single ventricle.

Table 2. Schematic Drawing of Experimental Design

%229l o}d AW Y] AR AE|2F 12 TF| 4AITF | 36ALF | 8ATFE
FDP%
£ : 250mg /kg * * * * *
S gE
o} A} A & L A * * * * * ¥*
FEZFEH R * * * * * ¥*
& 2 e A A %) * * * * * *
9 2 EbL A T AR X * * * x* *
2, 7t "7y * * * * * *
AESFH 4 *
Ay Fgeist *

Legend. FDP=Fructose-1, 6-diphosphate ; 15 =371 JAF ; ¥=FAA|7] E& FHA7].
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He Fgolen o]ga] zk Alzit) M2 FFIto|
TAHOE 2% Aol & HelR FAt(Fig. 2). &
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Fig. 1. Serial Changes of Reticulocyte
200 r'ng%
150

1o

50

mg%

40
30
20

0F

olB=N§ . . .

) . L
Preop. Pump off 12h 240 38h 48h
Time

p=NS

t‘*‘ Control —— FOP

Fig. 3. Serial Changes of plasma Hb

u,
1600
1400 L
1200
1000

800 -

600 -

400

200+
p=NS
oLt .

1 ' L s 1
Praocp. Pump off 12h 24n 36h 48h
Time

L""— Control —— FDP

Fig. 4. Serial Changes of LD

£ B F08 £F RAMAE 433
o2 #A Hglen 53 o]A7]e FDPE £
Fold A WAL EHst o] vt A
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2 2 5A7 Asste Aog LEA Aed o] 43
= AW olg A% s dAEA Ao
FDP SodzolHe 2 442 gzzo] vlaa |
Hdon oA EAYoE $9 £ 1 AA(p
0.05) FTNM BE £F 48X7fjo] W 202
U= AE FAcHFig. 4). m;raeqam Ae €4
of Mzt RS Hests YAS HPon wy =

37
&z

o

2

L i 1 3 1 N 1 f
Preop. Pump off 12h 24h I8h 48h
Time

L"“ Control ~ —% FDP

Fig. 2. Serial Changes of Haptoglobin
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2 gobr H¥F §¥e NHHUA FAM HAyey
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5~1,2). %343 %A (osmotic fragility) HAFL 7
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A R mAg s Axehg Faste A2y
zHJIgoz #i5o] Eo Jted A2 HEFY
o] MAE¢S 100mmHgolnl, rlo]EZ=z2]o}le] 1
A& 2-3mmHgAHE o] ¢rEo] o3 & £3
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Aoz AFNH7] JEAFE HYp HFo
30—50”/7315 =243 Zashe Ao Bl AAe
= o= ol & A A (suction system)F-E W
= WyHETHE 77 (sheering stress)o]ut ol — 7}~ H&2w
3 HEE TR A APt AAH R 9
Hol £8& doig®, ¢&o] 2 B3k biconcave)
YT 1 2US #E R (deformability) S
At Qolx] dFstHoz mAFH7tA] o] FH <l
8-& JHeAAFEd, AdegdAde wEF &

/2 #4349 lysophosphatidylcholine 52
8471 Ao} Hol AT AEHY FRH
32 Zdste AERIMER (echinocyte) E F71A
AX wAeE FoiE 2P, 23 AL
A A<l shock Heiolzz HFyp AMEY9 23
DPGF&o] st Mo 4ol 888 7H4AZ]
o}, olgd HE& nHIA AdedrFY YT £
A& Hageteld thida e &35 Folde =
Ho) BaslRoy BTN E ERABE 0T 3
Y7 AER AquA A A7 487 A xe
A3 E FFstd ElE 5 e §8 @49 A=
£ Fobs] B ol AAYE F A WEE 2R
nA &

HE e AdaT dHdAE m@uEfER (glyco-
lytic activeity)o] B5 9 AEMAH FZE T3 oy
A A RERS A Hed A8 et A
ol wet mEAH] AEQ FEL o] 2 0] A
ZUl 5ol v& AFEA oA A FIIHAL Bt
Ax A& xe#ste FrAA 282 Z4st
n gl AEY TR $2E AestA g@9d.
Embden-Meyerhof Z2& %% R1ktEH (catabolic
activity) o] dde] Aol BAAS = aALEY A
7} AAH o2 WolRe o] 1Hleg g on

R ﬂlﬂ. oX H)‘
e ol ﬂ!lo r?l

1% A% E35] phosphofructokinase (PFK) &&= 4
=Z8 &4 (rate limiting enzyme) A% A s}7}
YA AL A v Fod dAE gEA
gtk ez A4 JYEE PFK 2459
A2 wu ol K HHE— B e (hexose-monophos-
phate)7} FDP7} =& #7tol| A B 28 go] dojvtch

I FA olaE F JdorW(Fig. 7) o] ++& 33
o] ¢JRoA FDPE 2E3 &3 slokd FZ7|gAL
7} £ZFA FdgPF o} Imole FDPF 4mole ATPE
Arata dAg o] gEdo 2 BEEn k3 ¥
o] FDP& &g+ #H A 2mole ATP7E 22
=RA7A] ALgrhE 72 ATP 2moled] o|5%
gRE 4 Q1A At AA= FDP #siA A 3
Folv} A7tA] Q9] & (shock) FHlolA] 4R
AL 58S FXdne SAE S v
Eo] gon® 1 7|de g FDPE @Al Al
ZUZ $9399 Embden-meyerhof 22 2] 3oy X]
714 (high energy substrate) 2 o Bolu)g) 3)-
=(feedback) 712 A3 PFKe E4=8 4
A 713, Z&A(coenzyme) &4 pyruvate kinase
(PK)9] 848 F+ 988 st Aoz wimgw
(Fig. 7).

ol oA HAEFQ7], 47| T=E
oy, My wisjef el ZFashEe] Ao A%
AYgput Fxeo] WY & g3, &3 (shock) Jel 2
Qg dlyA] g Aoz Qg HE T FX

5 1]91—-—-‘&%3—«1 E7H R Y7 &4 A

T #f#(hemolysis) 2 vield zlojm o] A
b }iﬁ'ﬂmIME, HGEFZNIR|, mEimEEE,
3, 7t Y RHA 5] &3 BA NS W #H
£ @@ AT £¥89 ), Y FA4 2 A=E
AHE A3 71AZFQ g3, §hdF R Fo] A}
o]7} /vt 714 v FDPE $o 3§ oA A&
A 7t & AL ISP o Ao BE
AR FEIAT GUdrh X F 4
(plasma hemoglobin), 2 #EeRkFEEE (lactate
dehydrogenase) X 7} A £l¢8A4 A AFEE 12417
T4 FAFLR FT 2ol g HAF o)A (p<0.05)
|8 AF 7Pg DAYl dsste AoE FHol gl
= o] /1A W] A i FoA 2%
Aodestoz A IFF 28 Aol AX s 319

et FDPE A Fol A Folx &5 x7] 12417Hldl &=

71 A A

RE e

%
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€89 H=rt hE ) B3t diivhe AR S B
stadth o]l w4 Aolg AL A1AFT L
FDP %2 o} A9 AP I g 7|
g Foloyd 2 AR Aoz 1% FYpu
BHPGE M3 FAANE e ol BEE)
Aom ol Aeegtog A A2 Iy g3
e BE 98 FDPY o= YAHEF shvz 4
Btk e FEr A HE 7 gl o] o}
Fsivted 71ddsd ¥ 8385 B HA 8]
AdMe A5 8 FA719 AHE, T3]
AR, Z7) AH7] 234 877 e AT A
% aEdA Y mHo] Hadtlon, A7 A
AoME Bt F2 HAN (Y, A §ALT)
o] AT Md, BF A7)9 9%, voige F9
Zdo x3T9 2871 gloferalth

Z| £

E Agdstagd Froast e 19913
497 1992'd 397tA] A A F 608043 A
Hes AlBS AN AHg AFE Bol 603 E o)
Fo 2 AR A% AYT &g U3 B
—1, 6— —i&&& (fructose 1, 6 diphosphate)?] H g3
U RS FEHE HET g wske €T 889 A
o} W3} Folo] BHANA AFEL g e F
g 41 FDPe| vzl 44 ERE HE, ¥E &
Fol7l skA ¢ APy e B3 FHE U F L
v Aoz e AT £¥ S A gAY
e s 2ES AUt

L o7 1991 494%-F 1992 3971/ & A&
Wetw B AolFReaollA 60Eol e A=
3tol] A UH &S A Y3 A JAg Fol 60 =
FAAR EMQE 3045 95t FDP S92
Hxrez ssch

2. ﬁ‘j’é‘(FDP—E:UHZ::‘LL=27.4i3.9223.5i6.87H%).
A8 ZHFDPT : HZET=138.8+9.6: 134.8+
10.08), €4 dMAA(FDPF : Y 2#=15.2+0.6:
14.24£0.6gm%), B8 EX (R 1 FF)5 €3 HF
2 FTAM BE FAHORE foF Aol Bng
4 AATHp>0.05).

3% &3S 48 AFE = YA FDPEAFANA
289 ot Jazlog #FE o] olF He Fr 9

=
=2

2ol 8 BYAT 2 E HErl BAHLR2 fel g 3ol
g RolXe ¥yrh ot A &F AFERE 12412
74R) 9] m#E B i 3% (plasma hemoglobin), 7Kg
RAFEB#E (lactate dehydrogenase) X &= atoll A
L5 #A g F71E Bo|HA FDPToA BAHLE
3 A2 g FrkEE G4l #AEHUS ®(p
<0.05), W4k MmER{E (reticulocyte count), FEZF=
%), 2, 2t Al ERX], RE 55 (osmotic
fragiligy) 52 o= AN E SAHCE F23
Aol & Kol A % UTHp»0.05).

4. 8T ¥ wiste] AvAF #wF LA, 48
9 A FA 2 & de £EI¥ & FDPE
oA 0.70+0.1870, tHZTlA 0.95+0.177§ &2 FDP
ool A <7k A #F HAoy BAH R F931x)
= EAvk(p).05). 29 W3- (poikilocyte),
=¥ F(acanthocyte), EFYFEE F(elliptocyet) S
o] FFoAM BEF vy BAHALY BAH Aol
A - RE A=A
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