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Abstract: Objective To establish the animal model of comorbidity of knee osteoarthritis ( KOA) and
hypertension with pattern of liver and kidney deficiency and evaluate its characteristics of comorbidity and
pattern.Methods WistarKyoto ( WKY) rats and spontaneously hypertensive rats ( SHR) were assigned
to the WKY control group ( control group) hypertension combined with KOA sham-eperation group
( sham-operation group)  hypertension combined with KOA group ( model group)  hypertension
combined with KOA and liverkidney deficiency pattern group ( LKD group) . The animal model of KOA
combined with hypertension was prepared by anterior cruciate ligament transection ( ACLT) in
spontaneously hypertensive rats. ACLT combined with intramuscular injection of hydrocortisone was
performed to prepare an animal model of KOA with liverkidney deficiency ( LKD) pattern type
combined with hypertension. Then the related indexes of LKD syndrome were detected in turn including
the contents of thyroid stimulating hormone ( TSH) testosterone ( T)  corticosterone ( CORT)
adrenocorticotropic hormone ( ACTH) in serum and enzyme activities of alanine transaminase ( ALT)
aspartate transaminase ( AST) and alkaline phosphatase ( ALP) in serum the mass ratio of liver
kidney spleen thymus to the brain body weight anal temperature activity situation and emotion.
Systolic blood pressure diastolic blood pressure and other blood pressure-—related indices were also
detected. The levels of serum tumor necrosis factor—a ( TNF-a) and interleukin—18 ( IL-18) plantar
mechanical pain sensitivity threshold weight difference score of both hind limbs hind limb joint
swelling and quadruped gait parameters were also measured. Furthermore hematoxylin-eosin safranine—
fast green and Masson staining were performed to observe pathological changes cartilage degeneration
and bone destruction of the knee joint and the microstructure parameters of the tibia were detected by
Micro-CT imaging. Results  Compared to the model group the contents of serum TSH ACTH T
CORT and the mass ratio of the kidney spleen and thymus to the brain in the LKD group decreased( P<
0. 05) . Compared to the control group the systolic blood pressure and diastolic blood pressure of the
other three groups increased significantly ( P<0. 05) . Compared to the sham-operation group serum TNF
—a and IL-1B levels increased plantar mechanical pain threshold decreased weight difference score of
both hind limbs and joint swelling of the affected limb increased( P<0.05) and gait parameters ( e.g.
gait length and standing time of the affected limbs) became abnormal in the model and LKD groups.
Simultaneously the cartilage surface defect of the rat knee joint was severe the arrangement of the
surface chondrocytes was altered the cartilage layer became thinner the muscle fibers increased and
the cartilage ossification was severe. Furthermore the relative volume thickness and number of
trabeculae of the knee joint decreased significantly ( P<0. 05) . Conclusion The rat model established in
this study is consistent with the clinical characteristics of integrated traditional Chinese and Western
medicine in patients with comorbidities of hypertension and KOA with liver and kidney deficiency pattern.
This rat model can characterize the typical symptoms of liver and kidney deficiency pattern. It has typical
pathological changes in knee cartilage and subchondral bone tissues and can maintain a stable range of high
systolic and diastolic blood pressure. It also explore the scientific connotation of simultaneous treatment of
different diseases in traditional Chinese medicine revealing the therapeutic mechanism and developing new
drugs.
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1 (x+s; n=38)
Table 1 Evaluation of liver and kidney deficiency pattern in rats of each group( x+s; n=28)
[tem Control group Sham-operation group Model group LKD group F P
TSH/( mU/L) 17.84+1.38 19.32+1. 89 19. 06+1. 61 14.38+3.26™ 19. 850 <0. 001
ACTH/( pg/L) 138. 84+7. 11 150. 16+8. 61 144.50+7. 86 112.71£13.18™  58.520 <0. 001
CORT/( pg/L) 10. 87+1.90 10.98+1.71 11.07+1.95 8.87+1.26™ 7. 465 <0. 001
T/( ng/L) 268.93+24. 59 255.64+14.90 246.61£15.03  200.06+29. 82  31.780 <0. 001
ALT/ (U/L) 17.84+1.38 19.32+1.89 19.06+1. 61 14.38+3.26 1. 526 0.242
AST/ (U/L) 138.84+7. 11 150. 16£8. 61 144.50+7. 86 112.71+£13. 18 0.297 0. 827
AST/ALT 0.11+0.02 0.11£0.02 0.11+0.02 0.01+0.01 0. 125 0.944
ALP/( U/L) 268. 93+24. 59 255.64+14.90 246.61+15.03  200. 06+29. 82 0. 265 0. 849
3.54+0. 40 4.44x0. 40 4.83+0.55 4.23+0.32 6. 689 0. 030
Liver-brain index/%
0.97+0. 12 1. 15£0. 09 1.20+0. 11 0.90+0. 16™ 8. 620 <0. 001
Kidney-brain index/%
0.23+0.05 0.33+0. 05 0.32+0.05 0.24+0.03™ 8.028 0. 001
Spleen-brain index/%
0. 09+0. 04 0. 15+0. 04 0.15+0. 02 0.10+0. 02 5.442 0. 006
Thymic-brain index/%
: %% P<0.01.
Note: ** P<0. 01 compared with the model group.
2 . (x+s; n=238)
Table 2 Comparison of body weight and rectal temperature in rats of each group( x+s; n=38)
Item Week Control group  Sham-operation group ~ Model group LKD group F P
1 166. 70+20. 84 185.93+7. 44 184. 46+10. 67 186. 05+14. 24 3. 108 0. 060
Body mass/g 8 203.25+41. 61 289.93+19. 40 303. 69+16. 03 283.79+21.39™ 16.820 <0.001
1 34.11+1.25 33.29x1. 14 33.69+1. 00 33.94+1.22 0.794  0.506
Rectal temperature/°C 8 34.58+0. 34 36. 50+0. 69 36.72+0. 72 35.61+0.48™ 13.100 <0.001
: %% P<0.01.
Note: *% P<0. 01 compared with the model group.
3.2 SHR SHR N N
N N N ( P<0.01) ; SHR 1
130 ~ 150 mmHg( 1 mmHg=0. 133 kPa) . (P<0.01) 8
80~100 mmHg. 100 ~ 120 mmHg.330~350 /min o 3.
3 (x+s;n=28)
Table 3 Analysis results of blood pressure and heart rate in rats of each group( x+s; n=38)
[tem Week  Control group  Sham-eperation group Model group LKD group F P
1 136.73+23.68  173.97+25.87™ 183.53+22. 22 166.97+16.89™  8.942 <0.001
Systolic pressure/mmHg 8 138.17+14. 64 166. 8+35.94™ 169.33+16.05™ 171.40+18.15™  4.538 0. 002
1 81.27£17.09  117.57+21.78™ 134.40+21.99™  119.77+17.66™ 17.800 <0.001
Diastolic pressure/mmHg 8 85.58+16.19  121.03+22.80™ 115.37£16.16™  122.43+16.86™  9.758  <0.001
1 105.63£22. 16 136.90+21.87™ 150. 57+21. 71 135.17+16.30™ 13.110 <0.001
Blood pressure/mmHg 8 101. 08+15.37  138.07+22. 10 133.40+15.42™  138.50+16.55™ 10.570 <0.001
/(" /min) 1 368.55£29.59  424.96+55.08  441.30+45.90™  410.07+36.72°  6.155 <0.001
Heart rate/( beats/min) 8 356.00+58.95  388.43+44.78 379.57+40. 64 387.00+38. 06 0.939 0. 445
%% P<0.01.

Note: ** P<0.01 compared with the control group.



5 657

3.3 SHR (P<0.01) ; (P<0.01) ;
( P<0.01)
TNF-aIL-IB ( P<0.05 P<0.01) 4, 5,
4 TNF-o.IL-B (ng/L; %5, n=8)

Table 4 Content comparison of TNF-a and IL-4 of knee joint in rats of each group( ng/L; x+s; n=238)

F P
[tem Control group Sham-eperation group Model group LKD group
TNF -« 220.43+39.77 226.16+31. 38 260. 88+26. 08 ™ 266. 63+27. 84™ 9. 608 <0. 001
IL-18 26.70+7. 47 27.67+6. 65 31.95+1.96 33.45+2.09™ 7.573 <0. 001
: * P<0.05 #x P<0.01,
Note: * P<0.05 % P<0.01 compared with the sham-operation group.
5 (x+s; n=8)
Table 5 Analysis results of knee joint function in rats of each group( x+s; n=38)
. y . F P
[tem Week  Control group Sham-operation group ~ Model group LKD group
1 38.18+9. 81 44.84+9.39 42.38+10.29 42.86+10. 48 1.636  0.171
Mechanical allodynia/g 8 18.3+2. 11 41.56+5.35 22.99+3.48™  21.00+3.38™ 100.900 <0.001
1 0.81+0.03 0.93+0.25 -1.81£0.33™ -1.59+0.47™ 19.700  <0.001
Weight difference score of 8 8.29+1.78 4.41£0.53 59.42+5.68™ 63.19+7.32 410.500 <0.001
both hind limbs/g
1 8. 66+0. 52 8.48+0. 44 8.98+0. 51 8.48+0. 64 1. 958 0. 141
Swelling degree /mm 8 8.24+0. 14 8.73+0. 33 10. 06+0. 27 9.58+0.35™ 36.420 <0.001
: %% P<0.01.
Note: ¢ P<0. 01 compared with the sham-operation group.
6. KOA ( )
(P<
0.05 P<0.01) . (P<0.05 P< 3
0.01) KOA KOA 3
N ( P<0.01) 3 KOA
KOA o ° 7o
6 (x+s; n=238)
Table 6 Analysis results of quadruped gait in rats of each group( x+s; n=238)
p : F P
[tem Control group  Sham-operation group Model group LKD group
Swing time/s 0.10+0. 01 0.10+0. 01 0.13+0.01" 0.13+0.01™ 9.261 <0.001
102. 64+2. 59 94.03+9. 42 77.00+4.85™  77.00+4.85™ 34. 460 <0. 001
Swing speed/( cm/s)
Stride length/cm 12.53+1.76 12.97+2.03 9.23+1.34" 9.56x1.14" 6.925 0. 004
Stand /s 0.59+0. 04 0. 64+0. 03 0.44+0.05™ 0.38+0.01 42.520 <0.001
1.410.04 1.44x0.07 1.14£0.08™  1.1220.03™  40.590 <0.001
Max contact area/cm’
1. 87+0. 04 1. 87+0. 06 1.52+0.05™ 1.39+0. 07 71. 140 <0.001
Print area/cm’
1.03+0. 12 0. 87+0. 05 0.71£0.05™ 0.65+0.10™ 30. 390 <0.001
Print area ratio/ %
183. 88+2.95 180. 15+3.75 162. 44+5.04™  160. 50+1.04™ 42. 650 <0.001

Max intensity

: * P<0.05 Yk P<0.01.
Note: * P<0.05 ¥ P<0.01 compared with the sham-operation group.
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7 ( %; x+s; n=28)

Table 7 Comparison of four limbs duty cycle in rats of each group( %; x+s; n=38)

F P
Item Control group  Sham-eperation group ~ Model group LKD group
73.68+11.28 74.79+3.24 69. 15+6. 45 65.43+3.90 1.192 0.362
Duty cycle of right hindleg
69. 44+7.25 67.82+3.03 69. 60+3. 19 76.88+2. 71" 4.146 0.024
Duty cycle of right forelimb
65. 88+8.32 73.97+3.23 88.54+2.97" 89.93+5.28" 16.680  <0.001
Duty cycle of left hindleg
65. 96+4. 54 67.13+4.03 72.69+2. 39 79.52+6. 12 8.749  <0.001
Duty cycle of left forelimb
: * P<0.05 % P<0.01.
Note: * P<0.05 ¥ P<0.01 compared with the sham-operation group.
3.4 SHR ] _
HE
; Masson
o 1.
A: i B ;G ;D: o =200 pm.
A: Control group; B: Sham-eperation group; C: Model group; D: LKD group. Scale =200 pm.
1 ( x100)
Fig.1 Pathological sections of knee joint tissue ( x100)
Micro-CT
=, 2
. (P<0.05 P<0.01)
. . ( P<0.05 P<0.01) KOA

o 8.
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A ;B G v D: o =1 mmo.
A: Control group; B: Sham-operation group; C: Model group; D: LKD group. Scale=1 mm.
2 Micro-CT
Fig.2 Micro-CT scan images of knee joint tissue
8 Micro-CT (x+s; n=28)
Table 8 Quantitative analysis of Micro-CT in knee joint tissue in rats of each group( x+s; n=38)
: F P
Item Control group Sham-eperation group Model group LKD group
BV /TV 0.63+0.01 0.63+0. 03 0. 50+0. 03 0.51+0. 04 22.310 <0. 001
0.13+0.01 0.13+0. 01 0. 09+0. 02" 0. 09+0. 02" 8.767 <0. 001
Tbh.Th/mm
. 3.72+0.07 4.14+0. 34 3.38+0. 20" 3.24+0.30™ 7.722 0.010
Th.N/mm
0.07+0. 01 0.07+0. 01 0. 09=+0. 01 0.09+0. 01" 10. 140 <0. 001
Th.Sp/mm
: * P<0.05 % P<0.01.
Note: * P<0.05 *% P<0.01 compared with the sham-eperation group.
4 - -
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