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Abstract

Creatinine is a core product of muscle metabolism and plays a crucial role in the diagnosis and
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treatment of kidney disease. With the aging population, the degradation of kidney function and the
resulting diseases are particularly prominent. Currently, detection is mainly divided into traumatic
and non-traumatic methods. The former is represented by venous blood collection combined with
Jaffe method, which has serious defects such as complex preprocessing, low sensitivity, and suscepti-
bility to interference, which seriously affect the accuracy of detection; the latter covers technolo-
gies such as urine analysis, saliva detection, optical biosensing, and wearable sensors, but faces bot-
tlenecks such as poor sample stability, insufficient detection sensitivity, complex samples that may
affect optical signals, and the need to verify biocompatibility and long-term wearing safety. There-
fore, itis crucial to develop a fast, accurate, and low-cost creatinine detection technology. This study
designed and synthesized a planar porphyrin (PJ) with a macrocyclic conjugated structure, and intro-
duced zinc element coordination to prepare a planar metal zinc porphyrin (P]J-Zn). The interaction
between PJ-Zn and creatinine was studied using ultraviolet spectroscopy. The results showed that as
the concentration of creatinine gradually increased, its maximum ultraviolet absorption peak shifted
to the red, and the peak intensity showed a trend of first decreasing and then increasing. Combined
with saturation analysis, it was confirmed that the two form a 1:1 stoichiometric ratio complex with
a binding constant of 42.5 L/mol, indicating good intermolecular interactions. This result provides
a powerful tool for studying kidney function assessment and early screening of kidney injury, espe-
cially for monitoring chronic kidney disease and assessing the effectiveness of kidney disease diag-
nosis and treatment.
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1. 5|8

B RS 5 R HEM PAZ O30 B, RIS BRARI = YR N 2 b Th e Hh R 15 A 8 R BB
MfER . SR, BfE N O 20 ERE i, B Th REIGR S AH SCBm H 25 ™ 2 o WILEFE A LA 1 287
Y, JSRIGRVEAL 'S ThRERIAZ IR bR, PN IR 5 M T TR OGS R A . 7ENS M ' Rl B R 5
fEEEAARN, WIEHEN R EREE S R MR ER, MERSRSG. EEAIRET, & 20g MR
HZ 4 1 mg WUEF, 28 /Nekigid HER RS, (@ BB MVLE I35 44~115 pmol/L, i HH 3 BBl
SEEME; HREIEmBLSMER, BRI TORA B, AT R B AR R EE .

F BT T VLRSI 77 v G4 Jaffe v, BV, SIRCRMHEREE . RN R MR RS2 2 1 ik (A
1) Jaffe VEIEM T RMMBRA, (HFERMEAE, S2MENE. RIR. Btk X4V TH. Bk EIELARIR
CLE . AT R AR v SR AR s S, BRI T AR R RSN R S [1]. HE T
o AL R IOUAE B AE W AL RE BAS BN R [2]-(7], EIATEEER LS. KEE, REES
R TANAFAE R MR . i — ORISR I &, Hh O sl 5 2 &8 & T ALY e s
NhIRAC &4, B & KBEKIRIRS . SRS AE TR K BRI EYAEBIES], TEAMRTI 3 5
(8] (EMFERNE, IS UUEF 2 [AAFAERE s SRR 0T Re B RE ML, S e B VLA I 7 v
PEAL T BB SRR . SR, I NI S IR RS E AN . B B K B K I 2 2 ) (9]
[10], 12T HAE DR TS SERRN o Rk, FRR AT PRI R =i B b k£ 8%
kL, S S BUULI ) e R E A B R SORTEa P11,
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Figure 1. Design of sensing materials
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ARSI i F AR B 22t 5 b B 280 I VAR AR B e ) A B TR (P
W, ARTE TP A, Seil FE rp A A (N — S bE CHAClo 25) F TS /K BRI T8 24 /)
I =R KA, B 5 0 A8 TR A, 200 TR ERR K G % o B OR SOSLH BRI 200 B, T I 23
FERSRY FEAT, s SR T ORI 2 ik b AT Il I A (200~300 H)
BATAEENT . 96 AR A H 37 F-7100 B30 Y6 BETHEAT , WUR KN 4 = 422 nm, T
N 500~750 nm, R AREEEN 10 nm, WRIEFE 2 £, KA RAENAE H TU-1810 BUXOE R %
b = BT L A3 N BE TR AR I AT AR A BR A RDZEATIE . RN | em BIASEH I, A4
RAEHAFEHITE 1 nm, SRA AR R AT I B AUKR R4, X bt gk A7 e Ahis
YEALHE

2.1. YA RRRIE

AW 1. LB A == 3BT A S 0 5 T2 5 40 22 (b B 22 B, 26 98%, AR fiulk—b 4l
1, BEEAEH.

B BT FRGERT AR (R ()= 2): R HR I O FE R FR IR (10 g, 60.1 mmol) AL (83 mL, 1.2 mol)
IIAXCGRIA B, BT N, HE EARE R, A = 4R(0.4 mL, 6.0 mmol), I EH,
FRBFE 1 /M. I NaOH (1.0 g, 25 mmol), $E 15 208 . JRAPIIRTE e FRE AL B, R E 7%
T, BGOSR FRAR LU ER G A A E T B (R, R S ERAEE = 1:2), BAME T IRER
PP WCEERAMT T WA, BEThIE, A MmN AR B A E R 10.10 g, 723 98%. 'H NMR
(500 MHz, CDCl3, 298 K, RT Probe) du 7.97 (d, J= 8.5 Hz, 4H), 7.28 (d,J=8.5 Hz, 2H), 6.71 (td,J=3.0, 1.5
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Hz, 2H), 6.17(q,J=3.0 Hz, 2H), 5.89 (dq,J=3.0, 1.5 Hz, 2H), 5.52 (s, 1H), 3.90 (s, 4H); "3C NMR (126
MHz, CDCls, 298 K, RT Probe) dc 166.9, 147.4, 131.6, 130.0, 1289, 128.5, 117.6, 108.6, 52.1, 44.0.

A RIR(PY): A 1(0.81 g, 0.75 mmol)FIHE] =4 2 (1.26 g, 1.5 mmol)H CHCL ¥ #5 X35 5]
JEREI, Noff47. BEOEIREE S, A TFA (0.30 mL, 4.0 mmol), SN IRAZRER A (0, SIRBEHEEL 1 /NS
B SN P BEVA MR 1N 2,3- - 50-5,6- EJE-1,4- 2K (1.04 g, 4.6 mmol), SN IRIZHTAL EYEM, HidE 3
NI ERREEF, SREAEEK, HHEOEER, CH.CL)4ith, WHEE GO KuEhim17]). E2ieT,
FH AT H g, ISR A A= H)(17 mg, 5.0%), FRELE R U 2, "THNMR (500 MHz, CDCls, 298 K,
RT Probe) du 8.96 (d, J = 4.5 Hz, 4H), 8.82 (d, ] = 4.5 Hz, 4H), 8.46 (d, J=8.1 Hz, 4H), 8.31(d,J=7.7 Hz,
4H), 7.89~7.76 (m, 4H), 7.43 (d,J=7.9 Hz, 2H), 4.13 (s, 6H), 3.94 (s, 6H), 2.52 (s, 6H), —2.82 (s, 2H);
3CNMR (126 MHz, CDCls, 298 K, RT Probe) dc 169.3, 167.4, 149.5, 146.9, 140.7, 134.0, 134.7, 129.9,
128.1, 127.3, 1212, 1199, 119.3, 119.3, 56.3, 52.6, 21.1; k&%) PI ) MALDI-TOF: g/ T&
CssHpN4Oro: m/z =906.290 [M]*, SEFrill{F5 F&: 906.296,

A AENMIBR(PI-Zn): S IRIBE PT (25 mg, 0.028 mmol VA MRAE S berh i EE 5 b, NG & R
VBRI EE IR EE — K EGW(1.1 g, Smmol). =il FHiHE, i TLC MR M. ffrMEafE, H &Pk
JERR I EESTREE K AW, WHEIE, e T, F BV fR 8, 15 218 AT 00741 (25.4 mg, 95%),
RS B 2. 'TH NMR (500 MHz, CDCls, 298 K, RT Probe) du 9.05 (d, J = 4.4 Hz, 4H), 8.91 (d,J=4.4
Hz, 4H), 8.45(d,J=7.7Hz, 4H), 8.30(d,J=7.7 Hz, 4H), 7.91~7.69 (m, 4H), 7.42(d,J=8.0 Hz, 2H), 4.12
(s, 6H), 3.92 (s, 6H), 2.51 (s, 6H); '3C NMR (126 MHz, CDCls, 298 K, RT Probe) dc 169.4, 167.5, 150.4,
149.9, 1493, 147.7, 141.4, 1398, 1345, 132.6, 132.0, 129.5, 127.9, 1272, 121.0, 120.8, 120.2,
119.2, 56.3, 52.5, 29.9, 21.0; &40 PJ-Zn ] MALDI-TOF: Hi$/) T8 CssHaoN4O10Zn: m/z=968.204
M]*, SEPRTESr T & 968.206.
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Figure 2. Synthesis route of compounds PJ and PJ-Zn with mass spectra (MALDI-TOF)
2. {LEY P 5 PI-Zn BYA AREE 4 R B VE (B (B B B IR MR R A TR I R

2.2. &4 PJ F1 PJ-Zn BYELIMFAETRMIILIE 53 47

3(a)H A WIEHE DM R S 75 T 420 nm b HILsERUE, Q T 515 nm. 551 nm. 591 nm. 644
nm A& H I PYANRFAE RSO UG o U B DA S AL)IF 52 1 R i B BRI el b P I R HE S5 A 18] [19]. R BA -
PR e e dn, ik TR BEA AR 420 nm ARPROGEETEE VG, G RIR B v B I e 2, TR
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S BIHILE 549 nm A1 593 nm 4b. MIRIER R S BERE, SINEETSEHBET BB RE
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W (1 5 P R B AR e A R R BTV, RIS L X R bk Gy - L S AR A PR R TR AR AR 207
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Figure 3. (a) UV characteristic absorption spectrum of PJ; (b) UV characteristic absorption spectrum of PJ-Zn
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WE 4w, FrAFERAEL 420 nm A7 B 5 H ISR Z RIS ), 3X 2Nk 2 R e PR 1
s gEAh, 7E 515nm. 551 nm. 591 nm F1 644 nm [X I %2 225 T IR R E(Q ). Bl A& VR IE 133,
420 nm Kb AW SO0 v FE A B TR 1Y, SR IR B O R TN A RO B S5 UK FE 2 IR A R B 2R PR &R
4(b) sz Bt P THD IR R A 25 52 R B X TR) P P2 A8 AR AN BRAA - DR e, MR UG 59k B 2R 1 AEAH G, 1300 1%
TR T R AT bR BE, R B SEILE AT EE . AN, AR R SRR R B iAo
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Figure 4. (a) Standard curve of PJ UV absorption spectra with different concentrations and (b) its linear fitting graph with
absorbance as the vertical axis and solution concentration as the horizontal axis at 420 nm
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Figure 5. (a) Standard curve of PJ-Zn UV absorption spectra with different concentrations and (b) its linear fitting curve at 422 nm
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2.4. LAY PI-Zn TERIGIERIES

K 6(a) KB, FEAE RN B MG N, SRR T . SRR SIS R, PI-Zn KK
BEVER LG : BEFWRILTY i, 701 (AH LA 3 5 5 SAR AR AT R0 I R 0 56, AT HU 55 9 e R 45 (23] [24]
6(b)Ih 5 H R I H vt FE LR PR AR S, P E R A R? 53K 0.9924, SKIR M S G AR 2 [R5 EM et
AMAT DL E A IR S SOG IR EE HIZE SAH RSC R, 3BT ARLS BB B2 I HE Y PI-Zn WRFEZ, JHAEDR
JefeiRS R TSRS T R SERRN I B T SR B IS LAt .
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Figure 6. (a) Fluorescence emission spectra of PJ-Zn metal zinc porphyrin at different concentrations in the wavelength range
of 500~700 nm; (b) Linear fitting of the relationship between the fluorescence intensity of PJ-Zn at 604 nm as the independent
variable and the concentration of PJ-Zn

& 6. (a) PJ-Zn £ BEANKERELRE TF 500~750 nm S ACEE MR A L FHIERE; (b) PI-Zn BL 604 nm ALHIZEH
BEATE, MHS PI-Zn REZBHIXRHITTEMEME
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3. BRE S
3.1. ¥%H

R4 JB NN P (1A% 4 26 A0 A DU A G 1] 7 R 8. MIMWBRS AN A A R R Ul i 4 LA G % ) S
PERURE, BP0 NT7 R 5 i X (eI G5, ILHET I 2 A 2L BRI X (3 08055) A4 nb
WRRIEHEF T 4 (9 N-H 57 =0k Il imida # 3, T bR AT AR IR IE I . 54 P TE 6=-2.815
ppm AL HPL N-H 577, AR A A 2.00, BIRHITJE T IWRER P N-H R F (A& 11). 5 &
X380 = 7~9 ppm) M E B L4155, H 0=8.47~8.97 ppm (1% BEIGFR D HARL N 4.14~4.17, REKH
4 RN R T INBRER B B-H (G2 2~5), o = 7.81~8.32 ppm XI5 5 MAJE T 434 ERIE (LB
6~8). IXUENTFEEE T T BURIEM H RN . E 0 =4.13 ppm F1 3.94 ppm Ab H BRI (FR 23 T AR 23 5] A
6.31 A 6.02)7 ))& T-EeHE FHESE AR T (AL E 9 A1 10). LAA RS AL M RURE . 4@ Ik PI-
Zn WIRZRERAERT AR i o Rl 10, SRS @0k PY M HEE 5 ML, nRIRER R [A]BAS N-H RT3

SR, HAbh BAEE SRS PY AL, FFE SR AR PI-Zn MR IRBERFAL .
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LOLVLOTFUOUNMNTEEFNMNMOOITNNIOOL®M e} -~
OCUANTNOTOTON T OO NN - 0
DOORETITMMNOROONNTT TN R 0 1
WOWWOWOWMVMMVMONMNNMNMNNMNMNNMNNNNMNT®M N <\,‘
—r — ) I
1
MOOC COOME
10 o ¥
T ‘ h
3 1
542> 687
_l ” il l( | i
FENSTE B % p 4
= IONE v O ¥ 1) o <
T T T TN © © © N
9 8 7 6 5 2 3 2 1 0 1 2
S/ppm

Figure 7. "H NMR spectrum of compound PJ
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Figure 8. 13C NMR spectrum of compound PJ
8. PJ BRI ARAR I
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Figure 9. "H NMR spectrum of compound PJ-Zn
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Figure 10. 3C NMR spectrum of compound PJ-Zn
10. PJ-Zn BAZHEiFEIRTRIE

3.2. &% PJ-Zn SNEHEE(EREASR

Wi 11(a)7E 0~0.8 x 107 mol/L KEEX R, UEFHEEIZ LI, S 5 IR B R /N IR P 5
T IR RS, KU TR R TSN . BREEAAL, 76 500~700 nm P BN, Q Al
BE LR IR P A /IR B AR AE . R IINLEF S8R A A0 BEVEH, S8 4581k, S TR FERE
KR F GO . BB R EREE S e e, WIEHE /NS TR, RS20 EE Ik i) RE 2L
GYAT, MR R o G55 Q i BB TS A B, HEIIXF AR ELAE IR EEAS 73 (3L HE AR R,
PR AT N EBEE T INRIR SR . T7E 0.8~4.8 x 1070 mol/L ¥R JZ XN, WIEFKEZEIZD N, S #
(MR E /N ORI BT . BN RS . A0 % R ARy TR eREE S 1EH, WUEF B N\ fE
AR L PR R AR AR A, AT 8 5 X NS 8 AP G IR SR R W A 0 i 5 A R R TR B2 X
RIAIELNE I, MEEREXNET S, RPIERFEESEWAIT A > FBd S8 T
MECALAE F B &R O IR, R SURINMIAT o T SRR, FTREAEAE IR -
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HERRSF AR A EAE RIS AW F T 2540 o LI B AR 14 1) D' 13 i IS AN SCRAE S48 1 Wb LIS )4 S
PEVRIRE 77, T B 4 JE Nk - /NG AR B B AR AR [25]-[ 28]« 1A T R e R L A% %
Mt 7 OCHEN T UK, RHIE R D RE VAR AR 2 W B A = N AR [29] [30].

B 1) NI N LTI, IR B 3G K R g R, B B n bk 4314 5 S LEF R A= e, T2l &
Vs MEERECE] | I, hERHEE PR, ULEHEE Ik O AR AP WIET AL A . BR/R Bt — 2P = 2. 2.5,
WABFRAEALR N, XA T 11 BN S5 8. 45 AV AL R 5h J1 2, WO I P 3
IR FROR T, TS VLT TGV T 2 e N R S PR . IX R T B RO PR AL PR RT DA S LI %o b
MR EL A AR R BEVE AN AN g, Bt B 5 R R RS A . mT DA, 3 4k LR R it 267 e
T & @Bk UUEE 2 A 45 S 2E T = L.

B 11(o) Bt RIFIE MR R, @il AE K = 42.5 L/imol, W] PJ-Zn 5HEF 2 (614 % B 1 45
GAER o &G RE T — B3l 70 5 B0 A B R DG I T AR i BEAE R IR o X S5 AN E AR R
LB 25 &40, oy B LET 0 2 SAS I $2 L T 52 1 BB AR 4
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C/10°® mol L y =(0.30 £ 0.01) x +(3.75 + 0.16)
1.24 — 1.2 -0.05
q 84 R%=0.993
1.04 ‘ ] 70:8 114 = -0.10+
i —1.2 <":s -0.15 1
i 081 il 16 1.0 <
a i ——20 1] = 5504
< 0.6 i ——24 2 0.9 4 <€ 020
—28 g
-0.25 1
041 —32 0.8 <
—36 5 030
—40 0.74
0.2 44
) — oo ot iG] 03] S " L(AANAA)
0.0 - ' —Linear Fit of Data at 424 nm
T T T T T T T T T T T -0.40 T T T T T T
400 450 500 550 600 650 0.0 05 1.0 15 20 25 -138 -136 -134 -132 -130 -128 -126

Alnm Coreatinine ! Cporphyn'n kot

(a) (b) (c)

Figure 11. (a) UV absorption spectra of creatinine as a function of creatinine concentration in the presence of PJ-Zn at a
concentration of 1.3 x 107 mol/l; (b) The molar ratio curve (saturation method) derived from figure (a), with the concentration
ratio of creatinine and porphyrin on the horizontal axis and the maximum absorbance on the vertical axis, with the ratio ranging
from 0 to 2.5; (c) The fitting curve of the interaction between PJ-Zn with different concentrations of creatinine at 424 nm with
a concentration of 1.3 x 1075 mol/L, A represents the absorbance value at the maximum absorption peak of the zinc porphyrin
solution during the reaction process, Ao is the initial absorbance value of the zinc porphyrin solution without adding creatinine,
A is the absorbance value of the porphyrin solution that does not change after adding the ligand, C is the concentration of the
creatinine solution added to the system, K is the binding constant, and n is the binding mode coefficient
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