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Abstract

Objective: To investigate the advantages and disadvantages of nanocrystal modeling in three animal
models of renal calcium oxalate stones. Methods: A total of 20 SD rats, 20 C57BL/6N mice, and 20
KM mice were divided into six groups. Model Group I consisted of 10 SD rats, administered with 1%
ethylene glycol + 2% ammonium chloride (2 ml) via gavage for 28 days. Control Group I consisted
of 10 SD rats, fed conventionally and administered with 2 ml of normal saline via gavage for 28 days.
Model Group II consisted of 10 C57BL/6N mice, injected intraperitoneally with 100 mg/kg glyoxylic
acid for 7 days. Control Group II consisted of 10 C57BL/6N mice, injected intraperitoneally with an
equal volume of normal saline for 7 days. Model Group III consisted of 10 KM mice, injected intra-
peritoneally with 80 mg/kg glyoxylic acid for 7 days. Control Group III consisted of 10 KM mice, in-
jected intraperitoneally with an equal volume of normal saline for 7 days. The morphology and aggre-
gation of nanocrystals in the urine of each group were observed under an electron microscope. Blood
biochemical indicators were compared between the model and control groups in Groups I, 11, and
III. Renal tissue sections were used to assess the degree of renal tubular injury and calcium oxalate
crystal formation in each group. Results: Under the electron microscope, Control Group II showed
small, rounded, and blunt granular crystals in the urine, while Model Group II exhibited larger, multi-
angled, and sharp crystals, consistent with the characteristics of calcium oxalate nanocrystals in the
urine of healthy individuals and kidney stone patients. Compared to their respective control groups,
all model groups showed a statistically significant increase in blood BUN levels (P < 0.05). Renal
pathology results revealed renal tubular dilation and calcium oxalate crystal deposition in the lu-
men of all model groups. However, crystal deposition in the renal sections of Model Group Il and Model
Group III was more pronounced than in Model Group I. Conclusion: The model combination of
C57BL/6N mice demonstrated superior performance in modeling renal calcium oxalate nanocrystals
compared to the other two groups.
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MEFE + AFEK 2 mIEBI(A-R), E4E 28 K. @B 11 41: C57BL/EN /N, ZEERR/KIER 100 mg/kg
MR RS, SR 1 4. C57BL/G6N /MR, Sidifk 1 2 S5 A b /K IR R vE o, S 7 K. 3B 111 4
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| 48 Il 26 1l 23

Figure 1. Observation of urinary nanocrystal morphology under SEM. Group I: control and model groups of SD rats. Group
11: control and model groups of C57BL/6N mice. Group I11: control and model groups of KM mice. The scale bar is 100 um
for SEM images of all control groups. In the model groups, the scale bar is 50 um for group I, and 5 pum for groups Il and 111

[ 1. SEM TERRAR B IFTERME . | 4H: SD KRITIRE K ERLE . 11 2H: C57BL/6N NRXTERLA KGR, 111 40
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AN MR P AEACSE AR EE BRI MO REAR t 4056, 45 W& 1. | 4, GBS XHR4IMIEL, Ca?*.
Na‘t. CI'. K& ELG i (P > 0.05), 11+, &AM A Na2 & mE AT m, Aaoiles
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Table 1. Blood biochemical parameters of each group (mmol/L)
= 1. BAMKE HIEFR(mmoll/l)

payica el A1 SR 1 4H R A pogi R IR 2H

Na* 142.44+553 14121+446 P>0.05 157.12+445 16568+6.95 P<0.05 160.26+2.22 161.63+4.26 P>0.05

K* 6.38+0.77 6.55+0.5 P>0.05 8.14+0.51 8.26 + 0.66 P>0.05 9.25+0.50 859+0.97 P>0.05
Ca** 227+0.14 2.27+0.13 P>0.05 235+0.15 2.48+0.13 P>0.05 241+011 11296+5.05 P>0.05

ClI" 101.84+206 100.25+2.73 P>0.05 11592+353 117.08+4.83 P>0.05 111.53+245 248+0.11 P>0.05

Table 2. Comparison of bun levels across different groups under control and model conditions (mmol/L)
= 2. TEIHEAEFTRSERIRZST BUN /K FEIEEE (mmol/l)

) Xt (n = 10) & (n = 10) Gt AR
| 41 7.39+1.07 12.17 + 1.58™
141 9.17 £0.97 18.46 + 452"
14 9.11+£0.92 15.44 +2.12"
T HAEFE R x 4bH) F(2, 54) = 5.572, P < 0.001

e TURARG RN ARSI, P<0.001. XU Z s A0 EE 5 20 Sl 2 AIAELE B E AR HAE H{F(2, 54)
=5572, P < 0.001}.
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H4 1.86+0.90, 4.29+1.11, 357 +1.27, EHL I AAUER 1 A0 ERESETIRMES TER LA, §
Guit 2 (P < 0.01). &ML 11 A E IEES ER VTR AME SIEE 11 R G iH 2% (P > 0.05). ZRE IR
AR, AT AR ISR T AE S RN P AR AR S E T 2, R R I AR A K
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B W RAMREE W 2 —, I ES AR MAE R ER . &R 2 i)
AR AR, SRR 2 R e sk ih, 28RBS 25 A I TE e s . 2RI
DUER IS M RIRAS I, SRR RES SR EK. REUKIE T /NE LAy, m&EmRaEa
[6]. [FIET, Wk SRR IR E /NG LR Ap, Wom vk BRI B, Rk JRE R TR 4, I R R
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Figure 2. Renal calcium salt deposition scores in each group. Group I: SD rat control group and modeling group. Group II:
C57BL/6N mouse control group and modeling group. Group I11: KM mouse control group and modeling group. ™ Indicates
P < 0.001, ns indicates no statistical significance

2. ZEBRSEIAITS . 1 4H: SD KRR ERLE . 11 4H: C57BL/6N JEITHRERERELE . 111 H: KM
INRITBBLA R SRR . KRR P <0.001, ns REREZITFEYX

Il 42 4R
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Figure 3. Detection of calcium oxalate crystal deposition by HE staining (x400). Group I: Control and model groups of SD
rats. Group Il: Control and model groups of C57BL/6N mice. Group I1l: Control and model groups of KM mice

3. HE BN ZAERITRATR. | 4H: SD KRB KERLE. 114H: C57BL/6N IR ITRAKERE. 11
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18 FH BN PSR RATE 5 45 T O L B 5] LLIE B 3] 19 20, IR 2% 5K 0k R it B v S R 1Y)
SD K RGATIERL, BT X Mgy A SORAN AR, B 5 3% 15 B R S A2 1) 20 i i B B
ek SD KRR A S, XMAAMEREIT, (HArFHRREEH[12]. 2007 45, Okada 5 NF|H LB IE
JE e 7 K Ih L C57BL/6 /RS SRR 45 AR, IX PSR A B TSR ) . BRAET R, R
B 2 AE P R A & 2 —[13]. BT/ DNA 5 A1) DAN [FJRMER &, SR, EK
JAWRL, BEREELr, kR T AT AR E A SR, R TR R A, 8 I E
FHGE/NR, BRI AR DNA K0 TREEEEATRR EER[14]. fEARSIF, S iERA
BUN ZK-PEGHRLN RS B, RIERAM SRt C a2 2005E . RGNS, CMRES C57BL/6N
AN 2 A R B B i BUN KF, BE ST 4 FEA S SD KR ZBEIRE S KM /N R 2
&, BtH] C57BL/EN /)N ER IR AL A & 0] T R IR 5 RS ) B /INVE 1 40 SE Nk . iX 5 CB7BLIBN /N A AU ZH
A HE et S5 $h 0P 20 25 AR A — 3. C57BL/BN /N BUS AL e s~ 1 B IE L) At T 7t B R i Ak 1
SHERR, REGEBERUNIR, BNEE T IR, BNE R IE TS, RGN, A5 Eh VR
v kiR AEr Rl [ AR S A

IR RIS MRRAS S, A 2B T EZ [RTE RS &), SRS S R SR G, A
R, BEEED AR, BRELBMEERE A NMENAFIEZ TR AR, X E))5
A AR SR S A R SRS W E A RS A B 1 55 8 Il W AR iR I,
i ARRTH zeta FEAZAR 51, @A IAT I LT 20386, AT (R HE CaZ A fidt « HU0) it A4 ) SRAE ANYTUE [15] [16]5
1M CD4 324485 (A ] LM F SRS dh R R B E A, ARk Ca WA E db iR R i Rtk 1R ANAESRE
e RAL T —FIE AR - DURRIPPERIRAS, PP R S A0 R 1) 8 A (0 TR DR v [ R 2 SR U
VUIATE . 0 E 45 A B R X e R & B D B =, SRUAE - DU P Eraess, IR kiR Py it dh ik
TEARELRB[17]o XL G IR K2 RIS f A, 7E N DL —I7K RS (COM) I /K H RS (COD) T 24
TEAE o 43N B = A P R 2 LR ) COM N, HIIREZ BN, AR, BEARARE
RN, FEGRMEE/NE LRI B RS F[18]. COD fifhZ 2IUE, HERmMARN, 5
BNE b R A (R R PR SS , IF HLE T AT AR e v, el 31 R 75 55 W) COM %4k, DALty
COM A5 e it A[19]. Zhang 55 N 73 B & 55 1) COM T LU L35S Nrf2/HO-1 15 5@ B K1,
MR /NE 40 B A NRK-52E il SOD [1idith, s B /N b A0 i S8 AL REBUR B, 233
AT R[20]. Nong 28 AfEBI AR, KEL COM &2 Eifl GRP78. CHOP. TXNIP FlfET-H%
A (NLRP3. caspase-1. GSDMD-N il IL-18) IR IEKF, i SUMAET:, F£H COM (140 i 5 14 F e it
R AR EERE J1 = T COD, #27% COM X BEFR S 1 45 40 T I Fa i 4 B K [21] o« TEA SIS,
C57BL/6N /N X HEZH 1) SEM IR 52 I EAE 43 A RV () 40K St A R DU 7 AR 9K i Ak, 1% 5 X5 A 9
HR IR IE S AR SEM BUR T @K S TERA A [17]. ERTA B G, 47 C57BLIEN /N4
AR SEM B 2RI Z W AAREBIANK A, I HAAEREMR, X5 N7 R B 4
PRI SEM BB MBS e R TS 5 o B AR —8([17]. Kk, ZR&% &, C57BL/6N /)N E HIR
CEEp NTTLON PRI o Y = RV S AP AL P N N T

SR AHIF FATIAFAE — L JR PR o ANHIF 70 32 B30 I SR AR G BUN 7K~ 5 B Y B AH 25 6k )
Wi G L IR AR R, B = A R AL RO G Fe AR UG AR B I B I B . JEHL, H R
YFh 2 (A1 AT b DA R A IV B, AR 56 P B 38 0 ' R A 45 A S DA LA R IR T 2 B IR 5 5 AR BRI
NBRIEASE, HSEBRBE T AR B I S B A R S R R B B SR B S A SR [12] . TEARSKXS T 5 HEIR AT
YUK R — B s, T L RN TE 2 AN [ B A I R AR R A A AT B
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