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Abstract: The goal of the present study was to determine the effectiveness and safety of hemoperfusion (HP)
in beagle dogs with chronic kidney disease (CKD). The experimental protocol was approved by the Institutional
Animal Care and Use Committee of Tianjin Institute of Pharmaceutical Research New Drug Evaluation Research
(IACUC2019071501). Twelve CKD model beagles were randomly divided into two groups: a low-frequency
treatment group (n = 6) and a high-frequency treatment group (n = 6). The dogs in the high- and low-frequency
groups received HP treatment every 3 days and once per week, respectively, for two treatments, with each session
lasting 2 h. The test results showed that high-frequency HP treatment significantly decreased the accumulation of
toxins in the CKD beagles. Hematology, coagulation function, electrolytes and liver function indicated that the HP
treatment was safe. The body index effects were consistent between the low- and high-frequency treatment groups.
Therefore, HP treatment once every 3 days was safe at the animal level. Multiple HP treatments every 3 days were
more conducive than weekly treatments to the removal of uremic toxins with better prognosis and had no associated
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safety hazards.
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Figure 1 Working principle diagram of hemoperfusion. A: Neutro-macroporous resin adsorbing beads made of styrene-divinylbenzene

copolymer; B: Picture made by transmission electron microscopy (TEM) of beats surface with the pore; C: Hemoperfusion (HP) on beagle

dogs with chronic kidney disease (CKD)
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Table 1 Effects of different frequency HP treatments on liver function indexes in CKD beagles. n = 6, X + s. "P<0.05, “P<0.01 vs pre-HP.

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TP: Total protein; ALB: Albumin

Group ALT/U-L* AST/U-L* TP/g-L*? ALB/g-L*
Group 1 (n=6)
Pre-HP 29.45+1.07 24.66 +1.46 63.39+1.31 26.84 + 0.66
Post-2-HP-0 h 35.25+3.39 19.87 +1.04 51.87 +2.19" 21.92+0.78"
Post-2-HP-2 h 53.75+ 17.76 39.55+15.75 56.85 + 1.03" 23.75+0.60"
Post-2-HP-24 h 67.13 £ 13.97" 161.82 + 28.07" 59.83 +1.88 25.32+0.81
Post-2-HP-72 h 51.15+6.12" 29.57+4.10 60.78 +2.07 25.12+0.74
Post-2-HP-1 w 40.03 +5.14 24,98 +1.90 63.88 + 1.68 27.48+1.26
Group 2 (n=6)
Pre-HP 30.04 +5.00 29.03+1.11 62.60 + 1.59 27.25+0.75
Post-2-HP-0 h 4214 +8.32 27.90 +£4.11 53.37+1.77" 21.93+0.60"
Post-2-HP-2 h 46.16 + 8.86 37.20 £5.52 57.47 +1.16" 23.52+0.41"
Post-2-HP-24 h 62.72 + 15.61" 145.95 + 42,53 60.00 + 1.50 26.00 + 1.07
Post-2-HP-72 h 50.18 + 11.08" 36.58 +5.61 60.60 +2.11 26.40+1.16
Post-2-HP-1 w 38.30 + 8.40 27.12+1.77 61.87 +1.22 26.65 + 0.67
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Figure 2 Effects of different frequency HP treatments on electrolytes in CKD beagles. A: K*; B: Ca?"; C: Na*; D: CI; E: P*. n =6, x + 5.
“P<0.05, "P<0.01
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Figure 3 Effects of different frequency HP treatments on hematology in CKD beagles. A: Red blood cell (RBC) count; B: Hemoglobin
(HGB); C: Hematocrit (HCT); D: White blood cell (WBC) count; E: Platelet (PLT). n = 6, X + 5. "P<0.05, ""P<0.01
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Figure 4 Effects of different frequency HP treatments on coagulation function indexes in CKD beagles. A: Activated partial thromboplas-

tin time (APTT); B: Prothrombin time (PT). n = 6, x +s. “P<0.01
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J7 HT /K F (P<0.05 vs pre-HP). JAJ7 1 ZH1E W X HP J&
72 h, PTH/KF B 567 R/ L ESL it 22 2 5% (P>
0.05 vs pre-HP); 1M ¥6 97 2 H A& T 6 97 5 K 7 (P<
0.05 vs pre-HP), {H 1 Ji i), 5697 A K-V L4 it 2 %
o FTLA, mEE HP YR YT AE B R PTH 14 4 &1

g
AR R — MR E KV CKD EuA% R
IR, R A P /) TR I 0 O A A [ S B B U AN [

Table 2  Effects of different frequency HP treatments on blood pressure and indicators of ECG in CKD beagles. n = 6, X + 5. “P<0.05, “P<

0.01 vs pre-HP. DBP: Diastolic blood pressure; SBP: Systolic blood pressure; QTc: QTc interval; HR: Heart rate

Time Group DBP/mmHg SBP/mmHg QTc/ms HR/bpm
Pre-1-HP Group 1 70.74 £ 6.59 109.94 £ 7.75 362.51+5.78 156.39 + 6.59
Group 2 78.43 £9.43 118.40 + 11.18 369.30 +5.32 155.95 £ 9.99
Post-1-HP-10 min Group 1 96.78 £5.16™ 142.84 + 6.28™ 373.46 £9.72 160.57 £ 7.11
Group 2 105.62 + 4.42" 153.93 + 3.97" 383.13 £6.18™ 166.83 £ 9.82
Post-1-HP-1 h Group 1 96.30 + 3.82™ 142.23 + 4.50™ 389.80 + 6.02™ 15194 +7.84
Group 2 101.08 + 3.35" 149.42 +2.12" 391.57 £ 7.07" 160.02 +9.32
Post-1-HP-2 h Group 1 97.95 + 3.53™ 144.97 + 3.66™ 394.66 + 6.03™ 137.90 £ 7.73"
Group 2 101.37 £3.25 149.32 £ 2.79" 395.93 +6.57" 142.75 £ 9.95
Pre-2-HP Group 1 65.77 £ 2.43 104.46 + 4.90 370.73 +6.03 157.09 + 3.77
Group 2 63.85+ 1.76 101.73 + 4.82 371.72 £ 7.04 155.42 £ 4.00
Post-2-HP-10 min Group 1 98.59 + 6.60™ 145.40 + 8.19™ 384.30 £5.21" 150.54 + 6.51
Group 2 97.35+ 7.67" 144.08 +£ 9.56™ 386.05 + 5.81" 153.35 £ 6.95
Post-2-HP-1 h Group 1 94.07 £ 4.42™ 140.79 + 6.04™ 393.77 £ 7.46" 135.70 £9.33
Group 2 95.35+5.01™ 143.03 + 6.63™ 397.75 £ 7.47" 140.75 £ 9.28
Post-2-HP-2 h Group 1 90.33 £ 3.47™ 138.07 £ 4.35™ 399.77 £ 5.52™ 127.46 £ 8.17"
Group 2 90.83 + 4.06™ 138.70 £ 5.10 401.57 + 6.18™ 131.90 + 8.11"
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Figure 5 Effects of different frequency HP treatments on blood
urea nitrogen (BUN) clearance in CKD beagles. A: Changes in
BUN levels in the two groups after two HP treatments; B: Com-
pared with the levels before HP treatment, changes in BUN after
the second HP treatment in the two groups; C: At each time point,
the HP-induced percentage decrease in BUN after the second HP
treatment. n = 6, x + s. "P<0.05, “"P<0.01; *P<0.01 vs group 1
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Figure 6 Effects of different frequency HP treatments on creati-
nine (CREA) clearance in CKD beagles. A: Changes in CREA
levels in the two groups after two HP treatments; B: Compared
with the levels before HP treatment, changes in CREA after the
second HP treatment in the two groups; C: At each time point, the
HP-induced percentage decrease in CREA after the second HP
treatment. n = 6, x = s. "P<0.05, “"P<0.01; *P<0.05 vs group 1
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Figure 7  Effects of different frequency HP treatments on beta-2-
microglobulin (3,-MG) clearance in CKD beagles. A: Changes in j,-
MG levels in the two groups after two HP treatments; B: Compared
with the levels before HP treatment, changes in 3,-MG after the
second HP treatment in the two groups; C: At each time point, the HP-
induced percentage decrease in f,-MG after the second HP treat-
ment. n = 6, x + s, "P<0.05, “P<0.01; *P<0.05, *P<0.01 vs group 1
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Figure 8 Effects of different frequency HP treatments on para-
thyroidhormone (PTH) clearance in CKD beagles. A: Changes in
PTH levels in the two groups after two HP treatments; B: Com-
pared with the levels before HP treatment, changes in PTH after
the second HP treatment in the two groups; C: At each time point,
the HP-induced percentage decrease in PTH after the second HP
treatment. n = 6, x + s. “P<0.05
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