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Abstract: [Objective] To investigate the clinical appropriateness and application value of the peroxidase (POD)
method for the detection of unbound bilirubin (UB) in neonatal serum.[Methods] Hydrogen peroxide (0.33 mol/L) and
three different final concentrations (0.019, 0.038, 0.075 Mg/mL) of horseradish peroxidase (HRP) were added to stan-
dard bilirubin solution (1, 2, 3 wmol/L) to obtain a standardized HRP primary rate constant Kp. Then 25 wL of neonatal
serum was diluted by 41.6 fold, and measured with 2.4 and 4.8 wg/mL HRP at 37 “C under the dark, to determine the UB
concentration. The accuracy, precision, and stability of the methodology were validated. The clinical characteristics of 33
jaundiced neonates were collected , including total serum bilirubin (TSB), indirect bilirubin (IDB), albumin (ALB), bil-
irubin to albumin molar ratio (BAMR) , etc. The experimental data were analyzed by Graphpad Prism 8.0.[Results] A
standardized Kp of (7.20+1.08) mL- pg'+min~' was determined at pH 7.4+0.2, 37 °C in the dark. The HRP activity and

UB concentrations remained stable at =20 °C for 3 weeks and a week, respectively. The mean intra—day and inter—day coef-
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ficients of variation of the serum samples with different UB concentrations were less than 10%. In this study, the UB con-

centrations in 33 jaundiced neonates (gestational age >35 weeks) were measured by the POD method in the range of (0.32

~1.20) pg/dL, which was positively correlated with TSB, IDB and BAMR. Of the five infants whose UB concentrations

measured more than 1 pg/dL, three received intensive phototherapy (60%).[Conclusions] The POD method combined

with a standard equipment spectrophotometer to detect serum UB concentrations in neonates is easy to operate , rapid to de-

tect, and low cost. This method has good accuracy and precision, which is convenient for clinical implementation. More-

over, the measurement of serum UB may assist us in better management of neonatal jaundice in clinical practice.

Key words: neonatal jaundice; unbound bilirubin; peroxidase test
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A: Chemical reaction of peroxidase method. B: Experimental procedure of peroxidase method.ALB: albumin; B: bilirubin; POD: peroxidase; H,0,:

hydrogen peroxide ; HRP: horseradish peroxidase.
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Fig.1 Chemical reaction and experimental procedure of peroxidase method
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Table 1 Effects of different concentrations of HRP

and bilirubin standard solutions on the primary rate

constant Kp

Concentration of bilirubin Concentration of ~Kp/(mL-

standard solution/(pumol/L.) ~ HRP/(pug/mL) pg'+min™')

1.0 0.038 7.06+0.53
2.0 0.038 7.00+1.09
3.0 0.038 7.53+1.47
3.0 0.075 7.52+1.52
3.0 0.019 6.84+0.96

Experiments were repeated 9 times. The values are presented

as (¥ +5).
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TE50HF T POD 125 W TERA R RS %% 13 F e i 7
ERIESEUS AW IFRE T POD LK UB 7K -
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FEITHTH UB K-, — eI 00 S A R TR AR a2 3,
Horp B %219 4] (57.6%) , 2 %4 14 4] (42.4%) 5 7™
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A: Differences were statistically significant between HRP after
storage for a month at =20 °C and before freezing on Kp(n = 3). F =
20.250, P < 0.001, 1) P = 0.001 vs baseline. B: Differences were statis-
tically significant between serum samples after storage for a month at
—-20 °C and before freezing on UB concentrations(n = 14). F = 5.285,
P =0.003, 1) P = 0.004 vs baseline.

B2 -20 ‘CiEFFR KXt Kp(HRP) F3 £ )L ®EME UB
7K R

Fig. 2 Effects of storage time at —20 °C on the primary

rate constant(Kp) of HRP and UB concentrations of se-

rum samples from jaundiced newborns

ABO LY AS G35 1055 1461, 9 A= L2140 i 34 22 9 2
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DB 15 I 7% UB Zi 4k He 4% (18 3B) AR J2: B AR (Y =
0.061 51X - 0.061 49, R’ = 0.612, P<<0.000 1) ; [F] A}
ARBFFEXT BAMR 5 (i UB ¥R B g7 2k Lo 4 (1
3C), #H W EM K (Y =19140X - 0.1212,R* =
0.717,P<0.000 1),

3 itk
3.1 IR BEIE NS RBLL R MY Ik PRE 1

POD )& —Fh R AR 5 AR AR 43
BT UB KRN 7 vk o o B0 3Rl Kp ik,
T FH 000 5 3k 8 A W T Kp A9 A b o™ DU S P4 2R
FIIBZT R bR AE S AW o 7 pH 7.420.2, )2 W i BE
37 CH#EOCIRATT AV FARD T AR LR i
189 HRP 5 Y0P I 2T 22 7 ot T8 00 — S 30 4
Kp I 520, A 9045 20 6] Kp {8 22 3¢ L4127 5 X,
iX 55 Ahlfors %" F1 Roca "SI0 45 R ASF . 7E
RS AT T BT AS B AR AL Kp 4 (7.20+1.08)
mL- g min™'c HRPF-20 CHAFMIE 3 JE N &P
v ELASSE L SR AT s %o it ) 0 P R R M R B
AT HE— P HR5E . FRATILEE B8 e 1l Vi A T
-20 ‘CURAF 1 JAJ5 UB K IR IR T B, DR R A7 T

#2 PODERMUBKENEEZEE
Table 2 Precision of POD method for UB concentration

Intra—day results

Inter—day results

Serum
UB concentration/ UB concentration/
sample Replicates CV/% Replicates CV/%
(pg/dL) (pg/dL)

1 1.109+0.020 6 1.8 1.055+0.054 3 5.1
2 1.164+0.022 6 1.9 1.132+0.083 3 7.3
3 0.531+0.020 6 3.8 0.537+0.039 3 7.3
4 0.631+0.025 6 3.9 0.603+0.048 3 7.9
5 0.454+0.018 6 4.0 0.451+0.036 3 8.0
6 0.945+0.042 6 4.5 0.929+0.063 3 6.7

The values are presented as (x +s).
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Table3 Clinical characteristics of 33 jaundiced neonates

Range (minimum
[tems (x £5) )
to maximum )

Gestational age/week 38+ 1.5 35.0 ~41.0
Postnatal age/day 32+28 1.0~13.0
Birth weight/g 3266 + 447 2500 ~ 4310
pH 7.39 +0.04 7.30 ~ 7.49
HGB/(g/L.) 183.7+£21.7  146.0 ~226.0
Het/% 53.4 + 6.6 41.8~65.9
TSB/(mg/dL)" 128 +3.2 5.8 ~18.6
DB/(mg/dL)" 0.6 0.2 0.2~0.9
IDB/(mg/dL)" 12.223.2 5.6~17.7
UB/(pg/dL)? 0.69 +0.25 0.32 ~ 1.20
ALB/(g/L)? 344 +3.6 27.2 ~40.4
BAMR 0.42 +0.11 0.20 ~ 0.66

HGB: hemoglobin; Het: hematocrit, TSB: total serum biliru-
bin; DB: direct bilirubin; IDB: indirect bilirubin; UB: unbound
bilirubin; ALB: albumin; BAMR: bilirubin to albumin molar ratio.
Y1 mg/dL=17.1 pmol/L; ¥ 1 pg/dL=17.1 nmol/L; ¥ 1 g/L=15.1
pmol/L.

=20 °C By IfiL 7 A S R T 1R 52 R UB AT 2 o
AN [) e JBE 1 L33 R A ARG A~ 25 P L H AR S &R
B /NF 10%, BA RAFRT6E . Lok, 78 POD
ARG FE AT RESZ B DL R T OFE
T B« AR 5 ARG I 15 %o AL 775 5 5 B RE 4.6 1%, BRI
TR B T A AL R R T RS
BT 2 PN TESE R T, R8s T 5 Le s ) i 5
UB Ze 4 2R (A 45 A0S RN, 1T BE 53k UB AU

fili s @ EHEMLL 2 - DB G 4S5 A L1 % (conjugated
bilirubin, CB) , K#R4 8-HLL Z K /4> UCB, H:
 CB 7R AT 4 POD i b A Ak s E (5 4k & " 24
DB>1 mg/dL 5% DB/TSB>5% it , 1] it 3 £ UB 19 7
Y I L1 2« I 2T R —Fp g5 WAL, 76
460 nm Ab A AH SR A IEEE . R IMARAEA Y 5 bR
AR b BN 2 B 0] BB BORE i AN [ R 2 1
4 11T A ot A R IR 0 21 38 X ARG I 1 5 )
15 24 2 A o R 5 A B T R 2 188 g 4Rk 4 Tl T
PE, W RE 5 B UB 1Y Al 5 24 & AR ™ I I B AR
460 nm Ab FY IO R T UCB, AT RE S 3L UB /Y
A% S TSB B il o PRI, X5 DB A L It
B LT 40 a3 220 O T2 B R Y i R 4 A B 2T
A AL B R R E A TR 5 ORI Il s I T
UB (ARG T BE 52 21 R [R) R BV ol i 30>, 75 22
TR RIS UB PRI 25
3.2 EEAYESERNNEEBIENIGEEKMNA
TSB Z 2 Wi Ak L s B LT 2 IMUAE 1Y 4 A v, IR
bt o 1) )7 R R T (=1 T /N TN £ e a2 L
ZRGERBREMHERCNEQ BN R
25 ) ] RE AN TSB 7K SF- F1 B 2T 25 i 28 75 1 114 ) Ik
P, T DL TSB WEAR 7K - 7000 AR 21 22 Fii 4 43 0 A (6 A
BRI R UE I, L35 UB X4 R 40 5 1Y
e B EL AN (E . AH LE TSB fTBAMR, UB /&
OO 7 A R L LA LR AR W 4
¥ 1% R B (auditory neuropathy spectrum disorder,
ANSD) i) —A™ T AU R S A FE AR . Amin S5
F 2017 FFHE T — 3™ 5 L e L (5
5961, L 41 1, 34 ik 37.4 78 ) B B % BA S 1
5%, A R 100 Bl %5 G b A 28 it AN ZT %
JUT S W M 2 T (48 T b 2 AT T4k ) | e

2.0 2.0 2.0
¥=0.060 21 X—0.080 73 ¥=0.061 51 X-0.061 49 7=1.914 X-0.121 2

1.5 R=0.606,P<0.000 1 1.54 ”=0.612, P<0.000 1 1.54 ®=0.717,P<0.000 1
ey 2 3
2 1.0 2 2 1.0
8 3 z

0.5 0.5

0.0 T T T 1A 0.0 T T 1B 0.0

0 5 10 15 20 0 5 15 20 0.0
TSB/(mg/dL) IDB/(mg/dL) BAMR

E3 Bawb=>35 4L EEMN TSB.IDB 1 BAMR 451 5 1% UB 7K F 9 £k 1% = Y353 47 ( £k 4 UB=1 pg/dL 7k F)
Fig. 3 Linear regression analysis of TSB, IDB and BAMR with serum UB concentrations in jaundiced neonates at
gestational age >35 weeks(Dashed line refers to UB=1 pg/dL)
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