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AUTOMATED HPLC METHOD FOR DETERMINING ZINC
PROTOPORPHYRIN IX AND PROTOPORPHYRIN IX IN
ERYTHROCYTES OF WORKERS EXPOSED TO LEAD

Tadashi SAKAL* Yukiko TAKEUCHL* Yumiko IKEYA,*
Takaharu ARAKI* and Koichi UsHIO*

We developed an automated HPLC method for determining erythrocyte protoporphyrin. After
a single extraction with N, N-dimethylformamide (DMF), zinc protoporphyrin IX(ZP) and protopor-
phyrin IX(PP) were separated by the column packed with a new type of reversed phase silica
(capcell type) within 5min. The column life was markedly extended to facilitate sample injection
for about 1,000 times. The concentrations of ZP or TP (total protoporphyrin=0.9 ZP+PP) determined
by the present method correlated well with those determined by the conventional methods, i.e. by
hematofluorometer (HF) or acid extraction method (FEP). In 150 workers exposed to lead, the
ratio of 0.9 ZP/TP varied between 0.43 and 0.99 with the ratio being less than 0.6 in only 5 work-
ers. The correlation coefficient between Pb-B and ZP was significantly higher than that between
Pb-B and PP. Both anticoagulants, heparin and EDTA, could be used in the present method as well
as in HF and FEP methods. Reference values for TP by HPLC were between 31.2 and 120.9
pg/dl RBC. Samples stored at 37°C for 3 days were also used in the present method and the same

results were obtained as in the samples stored at 4°C.
Key words : protoporphyrin ; zinc protoporphyrin ; lead; HPLC; free erythrocyte protoporphyrin;

biological monitoring
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BN ERD A VEERSHAMOREELTILY
Bhib0rBbEELILND. :
MO 7 = bEAT 4 ) VERETBHERSEET
BECREIhT 53, FOoXiboBEEH/E
Al (FEP )10, hiER#H (=27 -0, 7+
b)) BRHEERNID,) FEARESIO, A~ f FAG R X —&
— (HF) #1792, itk v= b7 57 (HPLC) g18-20
DEDTHD. ThbOFECRERLTAC MBS D
n, MEECEBEIENGERLRIR TG, 2EOH
HigtER hE L +2% FEP BiMBEr B Th 5 2Lk
HRE LHEENBLh 3 »BEERIAA S AT
5. L, COFETIRERMECIY ZP » LR
RRTFhEgEo 7w v RL7 4 Y v (FEP) & LCRIE
&h, ZP L PP OHBIEENTERL. FHEEHIC X
BITHECERMEIEIEN 1 ETEE S, HMEHEIMELE
IRBIBEICL - TERZY, ZEREIEERKRT
BREND DD, HF 2IeFElECiiE & 5 Fan
»o1, EEWEORER L BRECHERDS. hiEE
FIBhHE, ks Lo HF 22 FEP 2 387 v &
EHcit ZP #HETS LD THS. HPLC ¥ETik ZP
EPPAARILTHETAHZ ENFETHAN, “hie
EHEAET CONERENLEL L VBERE, »5
LADHECSHIBHOEE LS.

AFRICE TR AL HPLC g0 = h b ORIER R
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fEREIL1E2 5 20 ECFH 8.7 4 S LUHRLUAD
ERRERTHHEE 68 2 (EH 18 XL KET
DFE3B.THD B34 B, FE#H 18K, S BRETD
T2 1RO 3MR) DRBTELIAE~2Y VE
X0t EDTA ABREThH 5.

M7 r bELT7 4 vidig 50p © 2.5ml ©
N,N-2 2 F kA u7 3 ¥ (DMF) %35, REmHH
L 3,000rpm T 10 HfEEs, FEXEk. ok
20p A —1+9v75— (& SIL-2A) THifk 7 »
~ bt 777 (HPLC) wiEA L%, Fvi: HPLC 1355
8o LC3A BHEv S, CTO2A HArS5at—Fv,
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P RO28 wEEE L. FiESLOUREE LS
DD 420, 630nm ZHRE L 7. # 5 A 1 Capeell
Pak C-18 (4.6x150 mm, H4%E) %, BB iH 50
mM KBLT + 5 FFAT7 v e= v ABK (PHT.5) &
Te b=t ) ADRKE (34:66) HA\ L. »TAEE
i3 40°C, BEHOWHIL 1.0ml/min & L. MR
v bEA7 4 ) ik HPLC M e e 4 L - FEP
HEWRE IO HF &2 KXo CHRAE L. Epmi
Rz a4V vFrgr v (Logan, USA) BlowEs s
B rRAT74YVIXESL ) BIT T2 bBAT 4 Yy
IX(St. 2) %A L, DMF 7% (25mg/500ml) &
TRELLE. COBRKRACERITIENERE TS
%. ARz h% DMF € 40 pg/l e HFRUEERKE L
fo. Zhikz w < b BT 200 pg/dl blood YD HEL 7
1V VEEw it 5. FEP & M ERYE L LCRE®
D X5y <i (St. Louis, USA) o7 v b HELT
AV VX AFA AT A (St. 3) Pz, St.1~3
O 3EOEENESY 1.5N © HCl ¢ mM HFERFE
FBEEARE LI ZABDIED 276.3, 274.3, 273.7C
Hote. MpEsaE (Pb-B) 1HBRKIEHE DDTC wk b
Fv— b, MIBK i2Cilt, FEFREXEFCIIE
EL.

m. # *

Fig.1 i3 HPLC X 2% ZP & PP ofldyRT. &
EDHFEETRERER LURELEEN OB A0
Ho ZP b PP AL HHEShD, 5252004 %
TOMBEEAVEELTE b h 5 REREERAMY
HPLC AL .ZP % LUt PP OYEHMELFANE
IHREOMEHEE LM ECHALERH T LR L
fo. BREENT 2,000 pg/dl blood #9M4 ¥ CHEM MR T
L, 100 %5 1,000 #g/dl #9240 ZP & PP R0
Rz B DR DOFH 88%, 96% Thotc. FEHRHI
ZP, PP 2o\ T 10 D HHF T 0.8~2.6% &7z D,
COFERTHIEOTBELXE T AT #TA0
HFHITOVTIR T, 000 B EOAF BN TLELVS
EAE Db ST, BRHMKE LHENTETS .

Fig. 2 3 HPLC #o TP (Total protoporphyrin=
0.9 ZP+PP) 35 1 08 ZP {EX RO HIEC X HIEEHE
Li=bochs. HPLC $iic k » TP {Hi Fig.2a 0
k< FEP fEL B AEET B, SomEEyRy. f#
#, ZP {&iz Fig.2b 0=k ¢ HF g rsfEE RV
—3owRd. Fig.3 2 TP % 0.9 ZP & XU FP kO
R AT, ERER Y )T 88% DMmRS » bANV
74 U UHERICF UV~ b LTV 5 b0 LRSS
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Fig.1. Chromatographic separations of zinc(ZP)
and free (PP) protoporphyrin. The mixture of
ZP and PP standard (a) and the extract from
a control subject (b), and from lead workers
(c and d) were injected onto HPLC. The levels
of ZP and PP in the standard mixture (a) were
equivalent to the concentration of 476 ug/dl
RBC (Hct=42%). The concentrations of Pb-B
(pg/100 g), ZP and PP (pg/dl RBC) were 4.9,
31.6, and 4.1 in (b), 103.4, 972.0, and 54.5
in (), and 73.0, 295.1, and 146.6 in (d),
respectively.
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Fig.2. Linear regression for erythrocyte proto-
porphyrin (TP=total protoporphyrin and ZP)
concentrations as determined by HPLC and
conventional methods. (a) y=1.119x+8.98
(r=0.990), (b) y=1.017 x—13.8(r=0.990).
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Fig.3. Relationship between ZP or PP and-TP
by HPLC method. (a) y=0.884x—0.08(»=
0.987), (b) y=0.116x+7.37(r=0.633). ==
150.

PRETHRC TP 21\ EE %KL, PP L Pb-B
OHBNXChL X Vb %%, ZORCFEPE, HF
B XBEL7 1) VEOKNKE Pb-B LOHEBEIIRD
3D y=0.0162x+1.558 (»=0. 886), y=0. 0143x41. 717
(r=0.887) Licb HPLC $: A UK¥EDHEETS 5.
0.9ZP/TP k4% Pb-B & i2AHBI€ 0.43~0.99 i
CTEEL (Fig.4d), t0FH 0.836 ThH5. =Dl
0.6 AT &5 D12 150 ADFEEFS ADKRTH
05 BT 0.9ZP EiiEERER LCHE
585, FhbHo PP {Eix Pb-B ofinicE v RT3
LODOEBR L VEWEZ AT S, Zhi hafF
HEEZ LS TEHBBOF LV — LT 2 v RB A7 4 Y
vOEEORCIDOLHET A, ThiiPb-B Lok
BCAh b & ZP EXMEL I 5D Tikis { PP g L 7r
S T2 LDEHEIRS. DL 57 0.9ZP/TP jk
DIEVWIEEZBCOWT 2ERBBY 2 b 25h, ZOMH
BAELREHEPRETIIE—ETHoT.

PR~y vl AV ERTHBH, RI—HO
Btk (#=102) o\ EDTA I CHRAEL T~
vILCORKE LB LI (Fig.5). ZP fEX X TP E
it EDTA fia v 5 L ERERROEE 255 % 12
EEDHOENFRINS N FHECIFERENAD DL
ot PP IRV EIRERS X OSEHED-
TS FRE LR DERVEDOR e o o %
fo, TR GOBKT FEP i L0t, HF #%kicX3 ZP

o7z,
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Fig.4. Relationship between erythrocyte proto-
porphyrin by HPLC and Pb-B. (a) y=0.0158 x
+1.65 (r=0.872), (b) y=0.0158x+41.57 (r=
0.881), (c¢) y=0.0175x+40.674(r=0.612), (d)
y=1.842 x+0.836 (»=0.004). The symbols “x”
indicate the subjects with ratio of 0.9 ZP/TP
less than 0.6. Solid and dotted lines show the

regression ones and 95% predictive intervals
of individual values, respectively.

fEC W T EEBFEFIC X 5 R N ieh i, Thedb
B, ~-5Y vk Lt EDTA MCOREME % 8 D ¥
D x, y &+%E FEP { Tk y=1.0092+2.02 (r=
0.996), HF p:iz X 5 ZP {ECit y=0.997x—5.0(r=
0.999) Thot:. ZOFEEFED It T Pb-B »1 10
£g/100g LIF (F# 6.56+1.85 ug/100g) @ 65 Hifk
TIhbHIEELZ LB T % & Tablel D X 5cin’s.

HPLC « & % ZP {f% & FEP #, HF pc X 53
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Fig.5. Linear regression for erythrocyte proto-

porphyrin concentrations determined in the
blood treated with heparin and EDTA by HPLC.
(a) y=1.048 x—2.95(r =0.995), (b) y=0.994x
+1.45(r=0.985).

EEOWTRTHEER LA X 5 FEENFED LA
V. CODREEERO T e b ELT 4 ) v{E (EDTA L
«o FEP f{, TP {#) %% Hbic - BHEFOThE
W35 L ABCIAETEN R BE—RLEXES
hb ZhEbhZORCRTHEALT 1) VEZEEEHE
FRTLOEELTRYG. BEREOK\ IR T Het
AR X © OV 4.4% &\ (£<0.01) = &% [XBE
LT TP % 5\ ik EFP HEHDEEL LTk Y,
TS VB RZREBYTRL TS, o005 Y
&eiz 99 #itho TP fEDOFH +SD i1 65.2+24.1
pg/dl RBC THbh, MHPERHMCELLpHill%
RU (Fig.6), £ 0% T+ I £ 1 6L4
1.404, 2SD oHEipAIZ 31.2 45 120.9 pg/dl RBC €
BHotz.

Fig.7 12 EDTA 1% 37°C CR&F LBOFEER
4. 3[R 37°C CRAE L-ag 2T HPLC BT
Bohn TP {fik 4°C RECHALBE—K TS
HPLC #:0 ZP, PP f{fis X vt FEP {ACLRABARR
BEbht. ChcR L HF X sREEs, 370
i 3 BREE L i ik Ci 4°C BEFRIL~EL RiEY
#4 (Fig.7b). COEME~Y viiX b EDTA I
CI W EETHot. CO X5 HPLC Hids LU FEP
ETOHEALT 4 ) YEEERY ETORERLS bRE
Licflidiitd ¢ & o bREBOBELES L h RBER
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Table 1. Erythrocyte protoporphyrin concentrations in control subjects and lead workers
(male) with Pb-B levels less than 10 zg/100 g.

Protoporphyrin (zg/dl RBC)
Group I{I;bt)

HF FEP zpP PP TP
Lead workers 45.37 72.6 52.6 59.4 11.0 64.5
n=65 (heparin) 2.29 18.6 18.8 20.8 10.1 25.5
70.3 49.7 56.5 7.7 60. 3
1.28 1.38 1.36 2.44 1.4
Lead workers 45. 37 67.9 56. 8 59.6 13.1 66.8
n=656 (EDTA) 2.29 19.8 20.2 20.4 11.3 25.7
64.7 53.6 56.8 9.8 62.7
1.33 1.39 1.34 2.16 1.41
Male control 44. 67 55.7 57.4 10.6 62.2
subjects 7=34 2.90 16.3 14.7 8.6 20.0
(EDTA) 53.2 55.3 7.8 58.9
1.35 1.31 2.26 1.38
Female control 40. 26 61.4 69.5 10.0 72.6
subjects #=234 2.04 21.8 22.5 8.4 26.4
(EDTA) 58.1 66.2 8.0 68.2
1.38 1.36 1. 86 1.41

HF : Hematofluorometer, FEP : Free erythrocyte protoporphyrin by Piomelli’s method, ZP, PP, TP:
HPLC method. 1st and 2nd row : arithmetic mean and SD, 3rd and 4th row : geometric mean and SD.
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Fig.6. Distribution (log normal) of TP by HPLC TR EICART 5750 . = BE,A\ Atk T
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Fig.7. Effect of sample storage on the measure-
ment of erythrocyte protoporphyrin. Blood
treated with EDTA from 12 lead workers was
stored at 4°C or 37°C for 3 days after sam-
pling. Solid and dotted lines show the regres-
sion and identical lines, respectively.
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H]EL T BHBHESOFEK T B & BB CIBR
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ZP 1 LEMAS AP TVEVS,

4Eo HPLC it X5 TP {fidfeko FEP e k
ZELRSHEBEL, #CED O Lk » 4. Chit
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FEP & ClI %R, BRI S DR DOEE 85%, 93%
LBV EBERT 5. $Eo HPLC ¥ ¢k ZP,
PP O EIREH FD I D 87.8%,96.25% Th b, ZP/PP
H%9L:T25L TP OFHEINRKIL88.6% LHExh
5. HPLC TR OVWCER T 5 BEMRL
WA, FEP @GR EEIRKE ¥ 4 he 5 &
79.5% &7z HPLC 5o ERER X h{EL 7t 5.

MmO Fe b HELT 4 ) VDS LTERDF V- b
FTHEEDCTOHRE DI, Gotelli 5180 22 #
BEDOWTOFERTIRFEY 92% HHEHOFV — 133
BOLEETES. BATEDHEEDT 25 ADHEE
FEORET ZP OEIGH 67 25 9% OEETELL,
EIREROEE B8 01% HEHDOFV—F Lo
EBIz, 4ED 150 ADTEEE WO\ TOBETIE
ZP DE5 X 43~99.5% DOHIFTE DFIEL 83.6%,
TP & 0.9 ZP r DiEEAROE & HEET 2 L 8%
2 ZP Lich ROBEE .

Harada & Miura?® (35 We:CHIE L1 ZP + FEP
& Dbt FEP EOHEIMCEET T2 05 ZP &
h FEP i P HSEELLTEI L X Ty
5. SEOKEBECREHOF V- LEHELT 1) VD
#i4 (0.9 ZP/TP k) 1z TP {E# X 08 Pb-B o i'h
¢ H 48R3 (Fig.4d), Harada : Miura?® oftg
ERiB., Fiw Pb-B L ZP F#EESI3 T L A Pb-B
& TP LB X DB L L BB Lir o7 (Fig. 4
b, ). %7 0.9ZP/TP H.n{E\-#fs Fig. 4d) Tk
ZP IERBEMROELCH T LItio K & Bk Pb-B
oM R T 0L, PP #HEEERL
HEWBICHENCOMT 5 R TEDIE - o HlkRL
T\ iz (Fig.4b, ), D X3k Pb-B LOlEETA
5L 0.9 ZP/TP LoofE\ #efkTit ZP Ba I
PLicz bR BDTH{ PP EFINEATECLR
IniEEwRTELS.
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OEMT PP BMRFCBRIEER LT 2 sk b e
Bbhd. DL HMIRED PP BITADOHE Y EE
ERTOCRLDERFEI - TEHShiBRERY
RLTWBLDEHEENRD. EAWRTCIZORT
X ABHMIEGTE ) —~EL TR EENCEL LY
WADTHBC L bR IR,

BARERARS = b EL 7 5 ) YOREICIT~AY
VB ER LT & 725, HF gi® FEP ¢ EDTA
ABmMP R W-RE LS. SEOKETIE FEP {E,
HF #i X 51E & A HPLC CoRER S HgE
Fie X p2RIZBDShinh o,

SAMEERHEELVIEEE L Pb-B 2510 #g/100 g L)
TORFEADENL7 1 Y VERZHE L & 2 AFHE
FEEVNFEDL WY, ZO oL S e B 99
%0 TP {EDEHEH +SD 13 65.2+2.1 pg/dl RBC
T, HAEHHN 61.4, 2 SD OHFIFHx 31.2~120.9 pg/
dl RBC ChH»tc. B4R hyEEHEL HM L.
COBTD FEP OEMFH £SD (L 56.4+18.9 pg/
dIRBC Th v ERD X 5 wEIREOE L 2 Kk L T
TP DEhbL X YWEETH 7. Zhd D {HE ik Marsh
LI A B 66 BT OV THEL T\ 5 FEP E £SD
® 59.9+14.2 pg/dl RBC L A& 0L E bhs.
ZOHD Pb-B DOFH £SD 3 15.1+4.4 pg/dl blood
TH%. thbticd FEP EoEEEEICoCIXE
BREShTL2%89, g 1 ) ERENRLS
FREFEEC X bR, EINRSRD i@, &
ERRORBCLERET S L Ebh 39, SEHRADH
VBRI R bEALT 4V Y, FrbELT 40y, P
BERATZ 4 VYL RAFAZATF LD IBOBEBERE O
oM SFREAREILENFH 276.3, 274.3, 273.7 CH
oA, BERSHD mM HFE K H BT T 2410,
26230), 27580), 29721) %z);% b, E@%ﬁ%ﬁéfﬁ‘?’%i]h
KIDAEE EHSB. K40 HPLC & FEP ¢
RORBEHBE DS FRFRICK E 2 BM 2 b
DORKRIC L B UEEOZRIMED RO - LHS = &
BEIIBh 5,

ARREROMIRS = + R 7 4 ) v ORERID
CHEECRNLRTL 30, SERERUETORE
DB LB bk Lie, [EVEETR 2 U —=
YIELTRALT 4 ) YOREHTHRB L 5 Kt
W, RMBSH SREE E CORMEOBEH S D
YDLBbha, CoBs, LIBMECEEEDS L
—ROLERAHC LWL b h 3 NEENEE hs, &
BRHFK X 5 HF % coREED LRI MERA 0L
RIVEEMESER T B c bl B EE LB h

%33, HPLC ¥, FEP M& CIXMBREL L5 0
TORKMEYRETEERREONEY I/l T
230rLBbhs. HF ECl¥cliEciliEcs s
FRHH 2 2 MW DA DT ik HPLC #:% FEP &
DE5HERTVB.
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Bx R LIAE ClRo ZP & PP » HPLC %
RAUb LR EE T2 H k%R L. DMF i@
1% 1EmMHC~ s vORBALEVHBERE, » 7+
AVRDHHFIRFZF B2 L TH 5 2ERFVIETLE
HRRE LIRS T 7. ZOHFETIS0L0D
SBEEETOTELR ZP 5 5\ ik TP i3
Nk HF %, FEP X 2{Hs B {HEELE.
MERT e b EL7 4 ) VD5 BSEPOF L — b 58E
110.432:5 0.99 ¥ THILL, 0.6 LLFEAm5DIE54
DHTHote. Pb-B L DOHEEL PP X b ZP 0z 5 »°
OBV EBGREERL ZP B EROEELLCLY
BEBEObDHIDLEL LR, HPLC it HF &,
FEP # L m#gw EDTA 1, ~-2y vHDOWFhdb{EE
<%, TP {E o XM 2 B #% © 31.2~120.9 rg/d;
RBC TH 7. ¥ HPLC #:4% 37°C 3 AREFELL:
METH 4°C FFE L RABTRASERELh, BEREDOA
7Y ==V I FANELTCOFIHEENA S b0 LR
s,
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