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IZC&®Ic

FEHEOLIEE~T Y 7 ORIERTF BT, R
IZ& - THEIE S h 2 (KEERIE ORIEAEF A ERIT OV
TORFEERTVWSS, ddY <~ =k Plasmodium
berghei NK65 & ORERYLRIZEI1T 5 MEHE SN 0L
BLzoBERCELTETTIRELIBMTEME L (kK
B, 1984). LML, ZORYEREL hoBHB<S Y
T OREET VL LA, RO age LZFh~D
J s D12 ABERE [ 13RI 2% 225405 A%,  parasitemia
DEFAL pHIETOEAWAKRETES20, 208
FIEE OREBES T SRE S TR WRTREEL S 5 b
DLEZDBIE. 22T, SERBLE» LRI TOH
BRI 2TOZREIVEL, LrbZzollics i) 3
parasitemia O _EF P HBAFERICET T2 L ShTn
S, h 2 — (Wright, 1968 ; Rest and Wright, 1979)
ERAWTIEBFERIEOLB L 2 0BEHR IOV THE
L7eDT, REOHEICOWTHET 5.

LZES TP S

1 JRih sy

WE, 7 BEICREMEE ddY B~ 2 ~DEEN
BREIC X Y UM LT W B~ 5 ) 7 El (Plasmodi-
um berghei NK65) 72 5 UNZAE% 355 L 128 D =
=T UNDBRE— (Mesocrietus auratus) % AFEE
2k Lz,

AWFFE O — B 1% B FIS6LEEE 15 X OV WA Fn57 4R BE ST 4 A
FHRER—#KC (GRESE 56570160, 57570158) o #ilh
EZFTiITbhl. BLTHEXHT 5.

DR RRFELEFEBFEHE D HORTT SRR E S
A=

2) JREOBE

BYe~ v 20 HOBERNC X VERIL L 72~ %Y v i
FRMEREL & Z DJBFEREHLHICHEL, £RKT
Z®0.1ml HIZ107 ADBYIRMERE EH/ T 5 X 2 I
W WEEL. ZOFRREYLME A~ b2 F —DIFIERNIC
fAH#ESSg %V 0.1ml DEISICEE L RS EE. &
B, LRRORIMA LEAEE TOBRMEICET 2RI 1K
BILINIZ L BTz, £, ~ARZ—FIRE24~26°C,
TEEE40~60% DA T THE L7z

3) Parasitemia O HLE)

TRFEBR L LT 3 #iEh L 128D~ L2 7 —45 6 LI
FHZEMEL, USRBMICER, SIM LT parasit-
emia DEFEBLR L.

4) BRIt L AL NS 2 — 2 ORIE

OERIZBED N L2 Z—ITFBEEREL, 4, 6, &
10, 12, 14, 16H#% D 7 : 00~ 9 : 00 a.m. IZH#E (K
Kb, 1984) o= 22T 5 LRI R L T % — LBk
fe T CHEBINRY 5LRM LT, =@ pH, Pso (BTN
BES0%IZRBI1T 5 Poz fH), MRMIKRGLR, ~< sV v
b (HY), ~E7 vty (Hb), mHsig, ATP kO
2,3VHFREFTY LY LEE (2,3-DPG) % ¥ 0L
NRIA—FEERE L. B, —HofEfizonTix
FRMERE L He 2 5 ERMERAR (MCV) 2 EH
L7cizd, ZoHEBEHREROERICI V<L nx—
& THRIMEKE R % JE L T Price-Jones g% Bk L,
HET=a— 2 F Lo HFRMIZE Y BROFROBE LT

-7z,
B &

1 TgEsk
3 DAL R F— i3 R EEE% 6 ~ 8 H (7.4
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A) TEELEDICHL, 1280252 %—(1310~24
A (F#H15.90) IS L. £z, D0 para-
Sitemia DI Fig. 1 ISRLEZEL, 3L
AE—OFNIE ddY =Y 204 LRkICEE I LR
L, #_T60%LALEE R ot2hs, 12l &2 % — Tl
Z D EANBHRPORET, RETH50%E ML 2HiX
AbNien o7z,

DB DOEREE I T XTLI28 M~ LR & — % HWTIT
272 bDTHS.

2) Parasitemia 72 & WNICHRILERIEAEDEL

BIEIZBE Lz~ L2 # — D parasitemia % Table 1
R LT e, ERI4ER%ICTESE22.1%, &KF41.8%
WCHEEL7e. 7108 P, FRMBRO K BEYEH 1 %L
E#E L iiE 0 BHRER TIRYRMER ORI L %
PHEDEE IS bhiz (Fig. 2). 2%, Fig. 3 12JE
YL FREE LR 8, 12, 16H1% D Price-Jones fifp%
SRLED, FAbo MCV 1359.7+2.6pm* (n=5),
63.0+2.9ym3 (n=4), 67.0+1.7¢m3 (n=4), 85.6*
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Fig. 1 Degree of parasistemia in 3-week-old
(-~-) and 12-week-old (—) hamsters infected
with Plasmodium berghei.
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Fig. 2 Photomicrograph of the thin blood film
of hamster 16 days after Plasmodium berghei
inoculation.
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Fig. 3 Price-Jones curve of hamster red cells
for control (O—0), 8 (A---A), 12(O0—0O) and
16 (®---®) days after Plasmodium berghei
inoculation.

Table 1 Time course of changes in parasitemia, hemoglobin, hematocrit and mean corpuscular
hemoglobin concentration in control and Plasmodium berghei infected hamsters

Days after inoculation

Control
4 6 8 10 12 14 16
Number of ham- ¢ 8 8 9 9 9 9 9
Parasitemia (%)  — 0.240.1 2.9+1.1 6.040.6 13.4+3.8 16.2+2.5 22.1+4.2 19.4+2.4
Hb (g/dl) 17.140.2 17.3+0.3 17.240.3 12.6+1.2 11.3+1.3 7.141.0 6.140.9 6.3+0.7
Ht (%) 49.6+0.6 50.6+0.4 50.2+0.8 37.8+2.7 37.0+2.8 22.7+2.9 20.5+2.4 21.5+2.2
MCHC(%)  34.4+0.1 34.140.5 34.2+0.1 30.940.9 30.2+1.3 30.8+0.8 29.1+1.1 29.5+0.8

Values are means=+SE. Hb : hemoglobin,

globin concentration.

Ht : hematocrit, MCHC : mean corpuscular hemo-

(20)
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Table 2 Relationship between polychromatophilic erythrocytes and reticulocytes in control
and Plasmodium berghei infected hamsters

Control

Days after inoculation

8 12 16

Number of hamsters used 5

Polychromatophilic erythrocy(t&j.) 0.240.0

Reticulocytes (%) 1.5+0.1

4 4 4

7.5+0.6 17.5+£4.3 31.8+4.3

6.1+0.4 15.1£3.7 35.1+3.6

Values are means+SE.

H1% L 12 # DM TIERIE OH LS h o ezt L,
16 H % DI T2 OHDFHEHF »  hv 7z (Table
2).

3) Hb, Ht, EHRMIEKA~E 7' v € L #RE (MCHC)

Table 1 (2R L7=Z &<, Hb 3L 0 Ht 388 H
#%EOBAL (p<0.01), 12HHZITILE DB IERERY:
SHBREED AT Loz, ¥z, MCHC (384100 #
VREFET L (p<0.05), FERRYueBEEDFI34.4%1C
5L, 10B#%UARBIZEE29.9% Th - 7.

4) Pso

Fig. 4 ITRLIT L, Po OEENE Z DEHETH
%L, JERYBEED27.4dmmHg A SEHE 6 BEICIT
28.3mmHg LAl (p<0.05), 14H#IZiZ41.3mm-
Hg LEHZRH-A, 160121331, ImmHg & {&fE
%R LT (p<0.01).

5) 2,3-DPG, ATP, Mk pH, Ifi#$LEg

Table 3 (ZR#L7=Z &<, 2,3-DPG 3£y, &
By Hb lg WYy lcHEL THELIFEOWTH
LR 4 BRI IENEm AR bh, 6 BRI L2
CHEEOEMEZED 7 (p<0.01). &5, ZNHRNOE

Table 3 Blood metabolite concentrations and pH

s

Pso (mmHg)
w
‘.ﬂ

®

25t
CONTROL 4 6 & 10 1z 14 16
DAYS AFTER INOCULATION

Fig. 4 Change of Pso value in infected
hamsters. Values are means *+ SE.

Bx Hb 1g WY ICHWHE L7 2,3-DPG RE TR &,
BfE 6 1% & 8 HRICHEMER R L 7o B3 Wi L 7-.

ATP (Z Hb 1g M) OfEICHE L THEL-5E,
Bt 6 ARICEA Lich (p<0.01), 8 H&E2 HEEM
L, 16B#%ICIIIERYSERBEOR X 7 2 1+ 5180
Na bRz,

in control and Plasmodium berghei infected hamsters

Days after inoculation

Control

4 6 8 10 12 14 16

Number of hamsters used 9 8 8 9 9 9 9 9
. 15.9 16.9 17.9 18.3 16.9 15.3 15.1 14.6
2,3-DPG (¢mol/gHb) +0.4 405  +0.3  +0.6  +0.8  +1.1  +1.4  +1.8
4.45 4.22 4.12 4.64 6.72 7.96 8.24 9.00
ATP (pmol/gHb) +£0.09 +0.10 +0.06 +0.29 +0.81  +0.58 +0.66 +0.68
o 7.43 7.46 7.42 7.36 7.33 7.32 7.23 7.39
P +0.01  +0.01  +0.01 +0.01 +0.05 +0.03 +0.03  +0.03
4.12 3.61 4.22 4.31 7.00 7.51 9.98 7.09
Lactate (mmol/]) +0.27  +0.12  +0.28  +0.68 +1.23  +0.64 +0.77  +0.69

Values are means=+SE.

2, 3-DPG : 2, 3-diphosphoglycerate.

(21)
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IyE pH 127 OEHETH S &, IR REED7.43
IR L, BES HE X VIET AL (p<0.01), 14H
®izi7.23 ot Eio, AEHTIX BEECIOHR
BIUOUBHRICE 1 EHR7.08% R LIzDORRKIK TH -
1z
A SLE IO X v EZ 2L, 12HK&IC
BHEEOBMEEZ R LR (p<0.001).

z #®

AWFFRICH Wiz T— N F bR E— L Plasmodi-
um berghei NK65 D%z ddY =v 2 LEh LDRIC
KL, FEaEms» ORCE TOHMN 10~24 B & &
{, parasitemia OHETHIFER THRATH50%IER T,
Lab oo pH 3EIKT7.08%5R Lich OO
12B%# L14A% O pH 237.32L7.23Th -l &
BREREZD L, b NIBIT AR ~<T ) T OWRET
FLLLTEVERRERRLVWASMbAARY. L
ML, FORYREYH5 L, BEEONT Y XORE
NAT, ZHEFHER»LLTFRELZITEL, Ik
EBLODIED, NARE—=DBTY RO L) ITER
OEBREY L LTS Shicb 0 TRV LICEES
5LDTHAY.

—%, EROATYXOBERFFADS D, 2FiME
1T - T-T0PEDEfKIZ I 1 % parasitemia, Hb, Ht, Pso,
pH, 5LEE, 2,3-DPG, ATP OREMEE b &ic L THM
FEIRVERL L CERO M EEM LS, £ O R E &
Fig. 5 IGRLIGEY Th 5. Thbb, RBEEROH
iAo e, Sl LTIRERIOA%ERICLTE
DOFHED IV —FICKRE L ZHEhBHANH LN
20w, ZOBREDCATYXTHIE, 2 HEOREH
HMES L LTHTT S 2 LIREE B X bhvlc.

R —Efkiz 331 5 parasitemia OFf%AHIEH (Fig. 1)
P45 L, HEREIOBBUBIEIEFHEWICR> TS,
oz i, MH Hb oA < &b R OHEFRIC
RERRIEE b bFT—HITR> TS LD LTFRSN
5.

Hb 3RS BE L VL, 12~16HBICF IS
WRBEOULITICETHY L. LarL, Ht 0XH%
25 LZOETIE Hb oz X ) b—fRICEMTH D,
= AT I B0 H 44 AR o MR B HRAEAR I SR & 7ok
PFRMER DLW 2 AN Z DERICR2TWE LD LE
2 bh5. LT, MCHC i3z Iz X -T10
B#LUBIIETERLEZOTHASH. Ebig, THT L

LN

Fig. 5 Principal component analysis of Plas-
modium berghei infection in hamsters. Eigen-
value and contribution ratio of each factor are

as follows:
Factor Eigenvalue Contribution ratio
1(z1) 5.38 67.29%
2(z2) 1.01 12.62%
3(zs) 0.74 9.27%

i32,3-DPG & ATP OZHh% KMk 1 ml %) OE
fETHBT 5L, Hb 1g ¥R LI L EiTL,
ZOEMEIVNEL BB LEEKTHLOTHS. B
iz Hb 1g MY icHH+35HAICB8 TS Hb ol
EBEICEA PANESv BV bEENS D, RAILL O %
BEIPR L2 2VWbDLEZ DRSS, ZD7H,KCN
addition method (Van Kampen and Zijlstra, 1965)
ERAVWTA ESrCUREME LI LTS, FHRRY:
SHBEETIX1.020.7% (n=5) Th oDz, #HHE
BMTIX8 H#% 3.0+0.7% (n=4), 12H%# 4.8+1.3%
(n=4), 16H#ICI139.4+4.9% (n=4) L7V, TOK
B3 MCV 2> bHERI L 727R1ER 1 ml ¥4 Y OBEEICE
FBXD b/ E W EELZORIIYD, KPFETIX 2, 3-
DPG t ATP o%®i% Hb 1lg My ICHE L THik

(22)
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Pso DIRAMLEEE 55 L, M6 HHLRIIIER
Pt HREEL D HINE B 7228, 16H% D Pso (314HH% D7
NICHLELEEEZRTLTWS. Zhicid#ido Ps
B RETHETFOED, BHEIGA%ETEFLOD
T2 EETIRREH Y mild IEBLTWS D
DLHBLEN) T EEERCVNTRLALENHS.

723, B 6 BHLRICEY bz Pso OEIEEERIC
B LTI, A#FF TiZ Hem-O-Scan ~E 7' u ¥ L EFHE
SEAFihAR H B ERRERE (Aminco #) ZVWTWE Z &
i, Pso ZEIOFXE LR35 pH, 2,3-DPG, ATP,
MCHC 2 EDEBIZOWTHLEE T ILEN D 5
(Bellingham ez al., 1971 ; Hlastala and Woodson,
1983). T72bbH, pH & log Psok DRJITIZEA H A A5
PR D bh (r=—0.715, Fig. 6), v7 204 L
R pH 2% PSSR KERIC /2 - TW5 = & 457
BEhs. ZoMB» L/ L EIRER y=—0.4706
x+4.9567DH E132,3-DPG 2 bW I 2R F%
| L72HE D Bohr fREICHY T B Z LT i 575,
Ulrich et al. (1963) OETIE, T—AF o "LRF
—IZ31F % Bohr {#%ki%—0.414log Pso/dpH L Eh T
wa.

—%, SEIDO LR Z -2 Wi ERE TIE, 2,3
DPG DM BD I LX< 2EHWZINLETD
EERk#E (Ali and Fletcher, 1974 ; Deslauriers et al.,
1982) LR422LZATHBY, 2FKIZOVT 2,3-

log Pso . . y=—0.471x+4.96
. —_ N~
1.7 r=-—0.7151
n=70

7.0 72 74 76
pH

Fig. 6 Correlation between blood pH and
log Pso value in non-infected (O) and in
infected (@) hamsters.
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DPG & Pso L OBRE %2 LT L2, 3-DPG D
Iz Pso OEEMPBRELEL TWB L idB 2 2w (Fig. 7).
Flo, FFRYSIREE L EE 6 AR IR LIGA, 2,3
DPG & Pso DT L HITHEML TWB 2, KEfkD
FNEDVLFELIRFLTAHAD L, 2,3-DPG & P ©
EENTIAHEZ DT (r=0.4663), & 5ICiTFERGS
MR L 80 6 A £ TOMEMKICOWT, pH 23FEmRgxt
BRI BIEHEMRE95% DX Tdb 57.407~7. 4620
BHICH oL DDORIZONWTHTLRIETSHY (r =
0.4998), AZEERFR Ti32,3-DPG @ Pso #EAI~DEET
LWz Lini b, B, Hb 1g Wy cE L 2,3-
DPG # Hb fH L DBAEN B> H % &, Hb DN HS
NRVWEHIT L RYL ML T2, 3-DPG AEMmL TR Y,
I~ 7 ) TIRBOFEICX D R OBEIEMRAED
BT L2z Lzt 2 EE OB ERBEISICE 5 b0 &
FREND. Tiebb, parasitemia OHEFT LRILEKD
FRHEEFEER <Y ZOEAEEBE TRV 729, MLk
PH BEHCIHETEF~5 Y 7REDOFAEICHS de-
oxy Hb MM X - THRMEAD pH 2 EHL, #h
IZB#E L T2,3-DPG OEMABEEh2D Th 5 5
(Duhm and Gerlach, 1971). UL, #0#%IEE
FEIZPE-T2,3-DPG %% BTV ARILER b Wi iy

Pso .

.
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.
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o ® .
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Fig. 7 Correlation between 2, 3-diphospho-
glycerate concentration and Pso value (of
the oxygen equilibrium curve) in non-
infected (O) and in infected (®) hamsters.
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%) 5792,3-DPG ORIV TEL, RO
WMz 4 #b 53, 2,3-DPG OV 2HEkTs 0L
HeHlE N5 (Mairbdurl et al., 1983).

ATP [ZBALTiE, Hb 1g %Y 0MEETEOEEH)
BHB L, PRI BIUMRICR W IR RO T h
X oHEnE R L72%, ATP-Mg & Hb L o#se
HHEGL, L2 3-DPG i Lz b ®s
Ex5L, Po~0EBIRVD, FELLABLE
¥Rz LicRhD (KKH, 1984).

MCHC 134 ~5%DEFT&RLEA, Zhick 3
Pso WA ~DEEIT 2 ~3mmHg BELZExbh % o
B, FOLENIEMTHD (Bellingham et al., 1971).

A, EREI6A%EO P iX14H%, 5 VWXI2HED
FHIZHLTREZRLTEY, ZhiCZT el
RRYRED mild TholZ e Z0—FHEEXOND
2, EROGSTOEREARD L, TRIETTHRAT 50
IREETHD., i, P L parasitemia & Hb
LR BRI, BEREIGHE L VIRED mild THB
12HICERTY Pso B LTEY (p<0.05), pH
AR zEzoxRICR- b0 Ebhs. LirL, fE s
Bk s &, WMEORICIZHA LM RAEEIED LRT,
L2bzo pH o EFANEBAFIZX S hypocapnia (T
BETZHD LTS5 51T, Pco: 2340mmHg ICHIES
AT pH FEBIEL RZETHS. LA oT Pxo
OEENT pH ORTEHFHATE LWIET TR, A b
EFuELHRICL > TEYDEFR~NE S v €L Ok
BFMENE < 725 Darling-Roughton #h57 £ L&
LTWBAEEED R &N 5 (Darling and Roughton,
1942).

BB, XXIZHELE ddY <~ RE& P. berghei
NK65 0% (KK 5, 1984) TEHEMS H&E21H 6 HiR
IZA T pH 2MET LTWBIZ b b 53 Pso NS
ZoRT, Lab 0% TS H#IiE Fansidar
(sulfadoxine+ pyrimethamine) D M5 12XV K
TELOIZHL, 6 HETRIRMLARP 212 LEE
25 L GRER), »»3REIEXOESEI TR
WEEE KL, 2,3-DPG A~NESmEV LEDICHAEY
3, Pso WO ERLICREICHZ DO LEZXLOND.
WFhIZE X, 20X ) RBRYERYO28 e Po OB
3= 7 ) 7IREIC X B BEF OFEERMLIC AL 5 MRk KRR
SEXHRIEZ L0 LEL LA, BEELED TERRIR
Blehsz 2T BT 200THSH. IbiT, 215
REBIZRHEICT ¥ F—Y ZRDORIEE{ToE LTHEDY

(24)

y=2.734X10 %x+2.788X 1078
r=0.6310
F n=70

[H'] (1078mol/1)

g 5 10 15
LACTATE (mmol/1)

Fig. 8 Correlation between lactate concen-
tration and [H*) in non-infected (O) and in
infected (@) hamsters.

H5DT, HFCELTOBERIZLR>TWS (Cain
and Adams, 1983).

mrpgLEg & kFA A VRE (H') Lo MBS
Zwbh (r=0.631, Fig. 8), ~Azx ¥ —DHEAITBN
THEehks LT~y 2054 L AR PELE oM
2 pH FROBRARERICKR-TWE LD LEEX LN
Lo L, HEfEI6H B OIMREDIFEHT7.09mmol/l TH-
iz b b 53, pH 3EH7.390E M E R LI RKIC
BALTIX, MkT AR EEELESBORFFICELN
EHIRES D7 < 2.

1=

B

T— NV F v AR H— L Plasmodium berghei NK65
DHZREHNT Pso 0 B L 20 BHEEEKRL, TiLo
FREH.

1) 12BEGOHET— VT o BRF —IZEDREIS 8
WD 107 EORYRMERZ FENER L2 L2 5, ~A
2 HZ—F10~24HHITHRT L. F£72, ZORMICKIT2
parasitemia DOHEFSIZI2HKIZFEI16.2%, 14H#%22.1
%, 16H#I121319.4% %2 L7-.

2) Hb ¢ Ht B3EESHEI LWV EIIIETL
7o Eic, HEREI0H BB MKEHEAR (Giemsa Ju
) ITITRYAR MR OEKR & LU FRE TH -7



3) Pso (3HEF 6 ABURERMEZ R LA, 16HHED
ZHIT12HE, L LIB4EED Po L VIKETH - 7=
BRI RIT D Z DX 5% Pso OABARARIEED
REERREL SOICESHSZ Lich Y, BEEIEDT
EERREICHDZ LERET LD LEL LRI,

4) 2,3-DPG 3#fE6 Hik L 8 HiZICZ DEME
Wi1=2%, ATP £ MCHC DO#4 LRIEEIC Pso OBEINIC
B5 L TWBEREMEMED TRWL o L Bbhi:.

5) Miyk pH X HEES HE »HETL, Thd Ps
WMOEHIZAR-TWE D EEZ bR

6) pH LHICIIMEEETFUEICHE O FEE OB R KE
HELTHELTWS Z LSRN,

x B
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‘ Abstract l

PATHOPHYSIOLOGICAL STUDY ON MALARIA
II. CHANGES OF BLOOD OXYGEN AFFINITY AND ITS SIGNIFICANCE
IN HAMSTERS INFECTED WITH PLASMODIUM BERGHEI

HirosHt OHTOMOY, ATsusHI HIOKI” AND MASATAKA YOSHINO?
( Department of Parasitology, Gifu University School of Medicine, Gifu 500, Japan ;
2 Department of Biochemistry, Yokohama City University School of Medicine,
Yokohama 232, Japan)

When male golden hamsters, 12 weeks old, were inoculated intraperitoneally with red blood
cells (107/35 g body weight) infected with Plasmodium berghei NK 65 on day 0, all of them died
10-24 (mean 15.9) days after the inoculation. Parasitemia just before death was somewhat less
than 50 %. Blood of each hamster was collected from the carotid artery on days 4, 6, 8, 10, 12,
14 and 16. Hemoglobin concentration and hematocrit dropped down from day 10, and the para-
sitized erythrocytes, simultaneously, became markedly enlarged and polychromatophilic. Pso value
began to increase from day 6 and reached the peak on day 14, but that on day 16 abruptly drop-
ped down. It is suggested that this abrupt reduction in Pso value, probably caused by the increase
in blood pH and methemoglobin, deteriorates the host’s hypoxic state. Although 2,3-diphospho-
glycerate (2,3-DPG) increased on days 6 and 8, effect of increased 2,3-DPG on the increase in Pso
appeared to be a little. Blood pH dropped down from day 8. There was in general a signifi-
cant correlation between the decrease in pH and the increase in Pso value. There was a strong
positive correlation between the decrease in pH and the production of lactate resulted from acti-

vated glycolysis in infected animals.
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