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[ Abstract] Objective By studying the effects of different modeling cycles on related indicators in a hydroxyurea-
induced kidney-yang deficiency animal model, the optimal modeling time was obtained. The stability of the model was
evaluated. We provide method for creating a stable animal model of warming and tonifying kidney-yang to treat yang-

deficiency syndrome. Methods Rats were gavaged with 30 mg/mL hydroxyurea suspension (300 mg/kg body weight)
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once daily for 28 days. On the 7™, 14", 21", and 28" days of gavage, the general condition, biochemical indexes related
to kidney-yang deficiency, and the morphology of the internal organs were examined to determine the optimal modeling
cycle. Results On the 7th day of hydroxyurea gavage, the energy metabolism of rats with kidney-yang deficiency induced
by hydroxyurea was assessed, and their body temperature, activity of kidney Na*-K"-ATPase, serum content of cAMP, and
cAMP/cGMP ratio were significantly decreased (P < 0.05).

neuroendocrine systems, immune functions, or urogenital systems. On the 14th day of hydroxyurea administration, serum

There were no significant changes in the rats’

c¢GMP increased significantly (P < 0.05) and total ATPase activity decreased significantly (P < 0.05). There were no
significant changes in the temperature of the extremities or tails of the rats or kidney Ca’*-Mg®*-ATPase activity (P >
0.05). Levels of the neuroendocrine system indicators serum T and T4 were significantly decreased (P < 0.05). In the
urogenital system, there were structural pathological changes to the kidney and testis, and the kidney index decreased
significantly (P > 0.05). On the 21st day of hydroxyurea gavage, the temperature of the extremities and tails of rats and
the kidney activity of Ca**-Mg**-ATPase were significantly decreased (P < 0.05). The neuroendocrine system indicators
urine 17-OH-CS and serum T3 levels were significantly decreased (P < 0.05). On the 28th day of hydroxyurea gavage,
the immune function indicator, the spleen index, decreased significantly (P < 0.05), and thymus pathological changes
were significant and irreversible. In the urogenital system, pathological changes to the kidney and testis were significant and
irreversible. Energy metabolism, neuroendocrine system, immune function, and urogenital system indexes still showed
decreasing trends on day 28, but there were no significant differences in energy metabolism, neuroendocrine system, or
urogenital system indicators compared with on day 21 (P > 0.05). Conclusions We found significant differences among
the modeling time periods for each energy metabolism, neuroendocrine, immune, and urogenital function index, and other
aspects, of a hydroxyurea-induced rat model of kidney-yang deficiency. The best modeling time was 28 days.
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Figure 1 Changes in fur

of rats in each group
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Table 1 Temperature changes of rats in each group(x + s,n=28)
415 B1R(C) 55 14 K(C) %21 K(C) 55 28 K(C) r P
Groups 7t day(°C) 14" day(°C) 21 day(C) 28" day(°C)
S
28.78 £ 0.27 28.38 £ 0.51 29.10 £ 0.80 28.55 £ 0.56 1. 526 0. 246
Blank group
BRI .
27.79 + 0.43™ 27.55 + 0.60™ 26.88 + 0.43™ 26.40 + 0.34™ 9.525 0. 001
Model group
13 4.334 2.344 5.515 7.352 - -

H5EAANSTARRILE, P < 0.01, (FE/ER)
Note. Compared with subgroup rats of blank group, P < 0.01. (The same in
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Figure 2 Temperature changes of rats in each group
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Figure 3 Temperature changes of limbs and tail of rats in each group
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F2 HKAKREE B ATP BEHEHEA L (X + 5, pumol/g,n=8)

Table 2 Comparison of ATPase activity in kidney of rats in each group(x % s,pwmol/g,n=8)

AN/ [ 4
G)tijis Name of %;%ubgmups ATP Na'-K'-ATP Ca® -Mg** -ATP
7" day 15.22 + 2.95 36.90 + 2.08 34.70 = 1.76
254 14™ day 15.49 + 1.36 37.82 + 1.01 34.97 + 2.42
Blank group 21 day 15.13 + 2. 89 36.77 + 4.00 34.70 + 3. 88
28" day 16.02 + 0. 81 36.16 + 3.07 34.15 + 2.27
7™ day 12.90 + 1.04 32.83+0.37° 33.23 + 3.55
REAIZ 14" day 11.81 £ 0.39" 27.96 + 1.94™ 27.48 + 4.94
Model group 21" day 9.21 + 1.36” 23.48 +1.94™ 21.29 + 1.53™
28" day 7.33+1.86™ 18.74 + 2.92™ 19.80 + 2.55™
F, P F, P value - 11.568,0. 003 26.949,0. 000 15.123,0. 001
Py, fH Py, value - 0.328 0.018 0. 066
Py {8 Py value - 0. 008 0. 000 0. 001
Po_agfl Py value - 0. 001 0. 000 0. 000
Piyo fH P4y value - 0. 038 0. 026 0. 021
Piy_gg {H Pyy_og value - 0. 003 0. 001 0. 004
Py {H Py, oy value - 0.111 0. 020 0.329

&3 FAKRBIEARGBUME T T, AT, FEHE(x + 5,n=8)

Table 3 Comparison of serum testosterone T, T, and T, levels in rats in each group(x + s,n=8)

AR 7 4
Gjrili[)i Name of g;%ul)groups T(pg/mt.) T3(ng/mL) Ty(ng/ml.)
7™ day 1435.82 + 102. 83 2,23 +0.29 78.95 + 3.82
HA 14" day 1426. 68 + 150. 90 2,12+ 0.46 77.74 £ 5.77
Blank group 21* day 1447.00 + 44. 69 2.14 +0.28 78.51 + 4. 14
28" day 1452.79 + 176.97 2.18 + 0.27 77.72 + 3.36
7™ day 1342. 60 + 64. 33 2.32+0.25 75.43 £ 5.29
L RIUEE| 14" day 1219.50 + 18.88 " 1.91 = 0.17 63.32 + 4.13"
Model group 21" day 1118.40 + 40.20™ 1.55 +0.21™ 65.43 +5.19™
28" day 1070. 61 + 59.27** 1.45 + 0.07" 56.99 + 2.22*
F, P F, P value - 18.089,0. 001 13.385,0. 002 22.811,0. 000
P,y fH P;_y, value - 0.015 0. 029 0.010
Py fH P;_,; value - 0. 001 0. 001 0. 001
Py {H P;_55 value - 0. 000 0. 000 0. 000
Poyy 1H P4y value - 0. 036 0. 043 0. 059
Pypg TH Pyy_og value - 0. 006 0.016 0. 002
Py o5 TH Py _pg value - 0.267 0.538 0. 046

TR 25 7 20 2 (0] B G L 32, R 3 cAMP BRER 7
REH 14 K 521 K55 28 Kb, HARRH B Z
[FIFFAE R E 2Z 5% (P < 0.05) , 455 cAMP 1E5 7
KENEZ A B 2E5, #8278 cAMP SRS 7
KAGERL THRESE 25 HAREE(P <
0.05), cGMP 7E%5 14 21 28 K& [A] Be 24y &2 i
ELTHER(P < 0.05) , I Bl 1 AL ] 48 K fa b
Tt cAMP/cGMP LA FE 45 > ) A BE A28 R R,
FREE 21 K55 28 RERTREMESNP > 0.05),
HAAFR R B3 A B E W25 (P <0.05),
P28 cAMP/cGMP [UABTESS 21 ~ 28 K] TR IR
JEAR/IN K I 0 e 75 £ JiE 4k — B st 0] 2L 2 B

HPEPRCRS M T T (K 4) .
2.6 EE5EEH

VB BB A1 R G2 B, IAE U8 7 LR e i
hREPie & EEAEH, B4 SCIRRIE S BH & sh 4
AR ARG s e ThaE L B EA S
BH R UF 5 ZE A S0 2% 1, LA SR 5 SRR B UL I
ICASE TR ) AR L, 525 AL AR L, A R 4 4
FEANTRI B[R] B R T RS, 5 14 21 .28 RAEHK
BETFEP <0.05),

52 (AU H, RV A MR SRS 7 R AR 14
KEFa A TR, 705 28 RIAE B FERHRIK (P <
0.01) (£ 5) , $&7m A543 3 B B [B) 45 B, B i
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*4 KHAKREUMTE cAMP, ¢GMP and cAMP/cGMP & & i (% + 5,n=8)
Table 4 Comparison of serum cAMP, ¢cGMP and ¢cAMP/c¢GMP ineach group of rats(x + s,n=8)

3¢

W4H

Groups Name of the subgroups c¢AMP ( nmol/L) c¢GMP (nmol/L) c¢AMP/cGMP ( nmol/L)
7" day 2.23+0.18 0.11 £ 0.04 21.17 £ 6.39
ZHH 14" day 2.07 + 0.56 0.16 = 0.07 13.46 + 4.22
Blank group 21% day 1.99 = 0.29 0.13 +0.03 15.47 + 6.39
28" day 1.99 + 0. 12 0.16 + 0.01 12.98 + 2.33
7" day 1.44 + 0.12™ 0.11 = 0.01 13.04 = 2.23*
LRI 14" day 1.15 = 0.05 ™ 0.15 + 0. 005 7.80 + 0.56 ™
Model group 21" day 0.96 + 0.05™ 0.18 + 0.003 " 5.30 + 0.06
28" day 0.82 + 0.08™ 0.20 + 0.02" 4.15 +0.99*
F, P{E F, P value - 33.725951,0. 000 31.507,0. 000 29. 894 ,0. 000
P14 fH P;_y, value - 0.124 0. 008 0. 001
Py fH P;_,, value - 0. 040 0. 001 0. 000
Py {H P;_55 value - 0.012 0. 000 0. 000
Piyy 1H P4y value - 0. 041 0.014 0. 040
Pyg TH Pyy_og value - 0.024 0. 000 0. 007
Py os fH Py _pg value - 0.232 0. 036 0.293
YRR R RS T RERPUAR e ThBE,  BRIR TN (WL 6).

2.7 EHKXKR24hRE5 17-0H-CS &£
17-OH-CS B~ Bl -2 1A- B b B b i D s
HEPAM, B AR S 17-0H-CS 2T
ek S 7 14 REBEMZESF (P > 0.05) 5
2128 KR8 5 17-0H-CS & & B FE &K (P <
0.05) , PR A K BAAFE T B il - 4R- 5 b g 2

2.8 ZBHEARE . EH GPRHFRE LI
2.8.1 FHHKRKRENAL HE Yoo )5 AR b
HHAEIAL AR NESREFEE S h
5 GERE TR T WA FE B AR NS AN SRR 20
MBS IEH , 8 W N AT WoKS 7, b R A 5] R 58
B G A s Y 5T HES 1] B AR, R LS AR

RS FAUREME R (x £ 5,0=32)
Table 5 Comparison of spleen and kidney index in rats of group(x + s,n=32)
EES B4R 21K H28 K
o 7" day 14" day 21* day 28" day
Coups PHEEC(%)  MHEE()  HEOR()  BMEE(%)  BHEE(%) W) BEE(%)  WEE()
Kidney index  Spleen index Kidney index  Spleen index Kidney index  Spleen index Kidney index  Spleen index
(%) (%) (%) (%) (%) (%) (%) (%)
234
=R4 4.86+0.49 2.7x0.04 472+0.13  2.3+0.00 461 +£0.16 2.60 = 0.04 4.75+0.07 2.70 £ 0.01
Blank group
R . .
4.46 £ 0.20 2.5+ 0.06 4.27 +0.22° 1.8 +0.04 3.98 £ 0.05™ 2.20 + 0.03 3.91+0.05™ 1.80+0.00™

Model group

Fz6 FKAKRE 24 h JREN 17-0H-CS FELE (% +5,n=8)

Table 6 Comparison of 24 h urine volume and 17-OH-CS content in urine in rats of each group(x + s,n=8)

$1R 14K 521 K 528 K
7" day 14" day 21* day 28" day
SHA 2AdhJREE RI7EE 24 hIREE RUTRESE 24hIRE IR 24hRE R1T-RER
oo (ml) KR () Kpn () KGR () K
24h urinary (ng/mL) 24 h urinary (ng/mlL) 24 h urinary (ng/mL) 24 h urinary (ng/mL)
volume 17-OH-CS volume 17-OH-CS volume 17-OH-CS volume 17-OH-CS
(m) (ng/mL) (m) (ng/mL) (L) (ng/ml.) (mL) (ng/mL)
pag=ri
2 HA 33.4+6.30 18.64+2.84 38.61+2.60 18.63+1.36 36.0+10.6 18.07 +4.27 40.0 + 8.87 18.47 + 3.37
Blank group
HRAULH . .
30.6 £ 15.61 16.99 +3.26 28.6 + 13.83 16.18 +7.34  21.4+£9.07" 12.44+ 1.80" 21.2+4.55° 9.41 +1.60™

Model group




Ff [ S2EEh AR 2023 4F 1 HE5 31 555 18] Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1 71

Ejos (LA g AR ER 7 A K LS LA 4 i
SERoEEE AT WLAERE /NG G SIS B, TR0 5 A
DLRA S S ARRLER 14 R4 K BUERS/IVE b 2 40 i
BRI /D, AR A ML IR B8 B A [ 4 TR
Yo G AT DLIRBE 0 A MR (£t k) s At
K ULPH 25 S AR 21 R R BRI AERS B
245 EAS AR TE VR | & SRR AN SRR A
Bt B/ MOA% [ 40 ORI N AT LSRG /Y
YRR R (L misk) , AN HES = EL (R adisk) ,
IR/ NANSE [ 25 3 (B AT Sk ) o TESH 28 K, AR
BRI KRS KSR b 2540, B 2 AR 4 il
IRFEIETE 3 A AN AL | S 45 200 e 50 o o ok /L, A e
HESZEHL (R Sk ), MR 8 4 TR G, 45 I /9 v AL
IFER AR R (2L 3k ) MR /INAS S 1Y 25 1 (8
OFik) (K 4),
2.8.2 KL AR'E HE J a5 WEm B A8 4k,

2 HA T HA IS IR, BBE 0 B
Wh 5 Kz Jo o B /N3 38 5 43 A1 B N3k v 24 B A

2H

Testis

THAE B
Blank group -

- X -
v “‘- ¥

FEITRI5T B /INGE L R M [ ARG DA B 5 R
SR RAR 2% , B A LB o S

s B M, BERIEE 7 RH R EUEHLUR L
SR /NS SREEREY KILTE 14 RAKK,
PEARTR A TEARAS RN 5 J5y &8 5 /N8 HES AN |
) BT A o A TS E RS S = e N G AR N i}
) AR WHABII B 22 5, 55 21 RAKRBUE/NE |
FE MR SE 3G 22 | A T % W b, ol 4 A R /D Rk
AR IE (LLOFL) o 5 28 REARBUILE /NME
FOIRY 5K ; B N AT DL g R R ZOR Y (AT L) | i
AT AT DL K v L 4 s (2L ik ) (B 4)
2.8.3 U KM L0 HE Y2 0 )5 W58 9 2
4k,

235 L 2H M i A 2R R o 0 I e, B B A (R
W, A B0 5 /R EL i, HES) % RS IE
BRI CUANAE K, HES AR X B, BB A
LUK WL B 5

5525 AR P A BT EE 7 R 2 R BN iR 41 4

i} Jieg it
Kidney Thymus

B4 SARBELE MRRMAL HE B (x100)

Figure 4 Pathological structure of testis kidney and thymus in rats of each group( x100)
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