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Gait behavior analysis in rat models of diabetic peripheral neuropathy

SUN Yu-nan',LI Er-ping' ,DONG Shi-fen' , QIN Ling-ling’ ,SUN Jian-ning'
(1. School of Chinese Materia Medica, 2. School of Basic Medical Sciences,
Beijing University of Chinese Medicine, Beijing 100102, China)

[ Abstract] Objective To study the real-time gait behavioral changes in rat models of experimental diabetic
peripheral neuropathy. Methods Twenty-five SPF Sprague-Dawley rats were randomly divided into experimental group (6
males and 7 females) and control group (6 males and 6 females). Diabetes was induced in rats by intraperitoneal injection
of streptozotocin ( STZ) in a dose of 45 mg/kg. The gait behavior in all rats was tested at 12 weeks after diabetes
modelling. Results  Compared with the control group, the rats with diabetic peripheral neuropathy showed statistically
significant different walk cycle extension, walk speed, average print intensity, balance and coordination. The abnormal gait
behavior of the rat models was mainly reflected in the increased average and each foot walk cycle extension( P <0.01),
average intensity (P <0.05), absolute average body rotation (P <0.01),and shortened both homologous coupling and
homolateral coupling( P < 0.05). Conclusions Experimental rat models of diabetic peripheral neuropathy can exhibit
obvious changes of gait behavior, and may provide a reference for related clinical and basic research.
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Tab.1 Gait metrics definition
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Tab.2 Walking cycle

ikl Kokt SFEEAT R (F) ZERTAEAT TR (B)) ZeJE AT R (D) AT (D)

Groups Number Average walk cycle Walk cycle-Lf Walk cycle-Lh Walk cycle-Rf
1E# Normal 12 0.37 0. 08 ™ 0.37 £0.09 ™ 0.34£0.11™ 0.37 £0.08 ™
57 Model 13 0.59 0. 17 0.57 +0.18 0.56 +0.20 0.60 +0. 19

T REATRIRE, LEZEH0RE, Rh A7 R, Lh 2R S IE R AL HLEL, * P <0.05, P <0.01
Note. Rf: Right forepaw; Lf; Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the normal group, *P <0.05, P <0.01.
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Tab.3 Support time

215 Kkt ZER SCHERR VAR EL LIRS EELIB-ECUNRS EEPEB-ECLNNS

Groups Number Stance time-Lf{ Stance time-Lh Stance time-Rf Stance time-Rh
1E# Normal 12 0.2 +0.06 0.2+0.05" 0.23 £0.08 ™ 0.23 +0.07 ™
157 Model 13 0.37 0. 16 0.39 +0. 14 0.40 +0. 14 0.44 +0. 15

?I:Hf:Eﬁﬁﬂii,Lf:Eﬁﬁﬂi,Rh:EIﬁﬂI,Lh:EIﬁHIfJE%“ZHL‘tB’E, *P <0.05, P <0.01
Note. Rf; Right forepaw; Lf; Left forepaw; Rh; Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P <0.05, **P <0.01.

F4 IR
Tab.4 Swing time

251 Kokt VSt EESHI NS KRR FERIEESIIINRIS fifE g K

Groups Number Swing time-Lf Swing time-Lh Swing time-Rf Swing time-Rh
1E# Normal 12 0.17 £0.03 " 0.16 £0.03 ™ 0.07 +0. 11 ™ 0.11 +0.08
H5H] Model 13 0.21 £0.07 0.20 £0.03 0.16 +0. 06 0.15 +0. 04

H?:Rf;EﬁﬁHfi,Lf;EﬁﬁHfi,Rh;EEH&,Lh:EEHﬁEI’%’é’chﬁ, “P <0.05, P <0.01
Note. Rf: Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; and Lh: Left hindpaw. Compared with the sham group, *P <0.05, *P <0.01.

RS HENAE
Tab.5 Support phase

251 Kokt KA AT SCEM AR S A A R SRS R

Groups Number Support time-Lf Support time-Lh Support time-Rf Support time-Rh
1E# Normal 12 0.55 £0.05 ™ 0.65 +0. 10 0.56 +0.05™ 0.63 +£0.07 ™
H5H] Model 13 0.64 £0. 10 0.70 0. 06 0.65 +0. 05 0.73 £0.06

?jI_:Rf:Eﬁﬁﬂfi,Lf:ZEﬁﬁﬂi,Rh:EEH?Z,Lh:ZE)ﬁHiSE”%“éEH:ﬁ, “P <0.05 N P <0.01
Note. Rf; Right forepaw; Lf; Left forepaw; Rh; Right hindpaw; and Lh; Left hindpaw. Compared with the sham group, *P <0.05, P <0.01.
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Tab.6 Swing phase

415 K B A A T BB ANZE S BB AR A AT B AR S

Groups Number Duty cycle-Lf Duty cycle-Lh Duty cycle-Rf Duty cycle-Rh
1E# Normal 12 0.45+0.05 ™ 0.38+0.10" 0.44 +0.05™ 0.44 +0.05 ™
B Model 13 0.36 +0. 10 0.29 +0. 06 0.35 £0.05 0.27 +0. 06

?I:Hf:Eﬁﬁﬂii,Lf:Eﬁﬁﬂi,Rh:EIﬁﬂI,Lh:EIﬁHIfJE%“ZHL‘tBE, *P <0.05, P <0.01

Note. Rf: Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P <0.05, P <0.01.

x7 LM
Tab.7 Stride length
bl Kkt ZERIA Ze )5 A0 R HI AP R ESy A
Groups Number Stride length-Lf Stride length-Lh Stride length-Rf Stride length-Rh
1E% Normal 12 160. 36 +25. 14 133.88 +£28.23 150. 5 £20.81 ™ 138.58 +23.77
I Model 13 138. 56 +39. 38 139. 14 +25.25 111.67 +17. 84 122.6 +23. 67

?I:Hf:Eﬁﬁﬂii,Lf:Eﬁﬁﬂi,Rh:EIﬁﬂI,Lh:EIﬁHIfJE%“ZHL‘tB’E, *P <0.05, P <0.01
Note. Rf; Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; and Lh; Left hindpaw. Compared with the sham group,

*8 W
Tab.8 Walk speed

P <0.05, P <0.01.

25 Kkt B (mm/s) IR B - A5 T (mm/s ) R B - A2 /5 (mm/s) W P 2 JEZ A7 IS (mm /)

Groups Number Walk speed Swing speed-Lf Swing speed-Lh Swing speed-Rf
1E# Normal 12 452.92 +193.19 ™ 468. 68 £178.44 ™ 384.96 +115.44 ™ 436.76 +149. 67 ™
i Model 13 215.24 +80. 61 256.37 =116. 05 241.03 +101.75 204.00 +71.79

WL REATHTEL, L 22T, Rh A5 B, Lh . 22 )R S IE W 4L ELEE, * P <0.05, P <0.01

Note. Rf: Right forepaw; Lf; Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P <0.05, P <0.01.

e 3 S U3 S FNEA

Tab.9 Maximum print area

415 B 72 i AL R R TR 72 Ji A HR R TR A i AL AR TR EEY AN RS FNITEA

Groups Number Max print area-Lf Max print area-Lh Max print area-Rf Max print area-Rh
1E°% Normal 12 686. 11 +88.58 743.92 +£210.50 796.28 +218. 00 917.69 +407. 88
A Model 13 621.42 +141.27 533. 40 +240. 41 763. 13 +198. 09 688. 67 +168. 46

ﬁ?:Rf:/ﬁﬁﬁﬂf,Lf:ZEﬁﬁﬂf,Rh:EEH&,Lh:EEHﬁEIE%’?H[CKﬁ, *P <0.05,"P <0.01

Note. Rf: Right forepaw; Lf; Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P <0.05, **P <0.01.

®10 LR
Tab.10 Average print area

415 Kokt ZETH R P Y T AR 7r 5 RT3 TH AR A4 T - 2 T AR A5 PR T AR

Groups Number Average print area-Lf Average print area-Lh Average print area-Rf Average print area-Rh
1E% Normal 12 129.33 +34. 16 161.4 +16. 34 134.39 +46. 64 208. 38 +68.22
157 Model 13 118. 18 +36. 38 164. 57 +62. 20 128. 05 +30. 73 176. 97 +53. 00

?i:Rf:Eﬁﬁﬂi,Lf:Eﬁﬁﬂi,Rh:Eﬁﬁ,Lll:EﬁﬂiglEﬁéﬂttﬁ, “P <0. 05, P <0.01
Note. Rf: Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P

11 R ERGRE

Tab.11 Maximum print intensity

<0.05, ™P <0.01.

251 Kokt ZeTH RS B R i 7r e ST R R i AR A i R EEY PSS FON:H 3

Groups Number Max print intensity-Lf Max print intensity-Lh Max print intensity-Rf Max print intensity-Rh
1E % Normal 12 161.13 £16.75 " 159.21 £19.47 126.28 +19.28 " 141. 40 +31. 37
5 Model 13 139. 30 £27. 40 157. 64 +8.91 108. 53 +15. 37 137. 60 +£29. 46

?i:Rf:Eﬁﬁﬂi,Lf:ZEﬁﬁﬂi,Rh:Eﬁﬂi,Lh:E)ﬁﬂiSE”%“éﬂttﬁc, “P <0.05 N P <0.01
Note. Rf; Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; and Lh; Left hindpaw. Compared with the sham group,

F12 EilEnmE

Tab.12 Average print intensity

P <0.05, P <0.01.

415 Kkt AT ST 45 5 B 72 Ji RS 5 A i AL SIS 25 JEE Fa R R

Groups Number Average print intensity-L{f  Average print intensity-Lh Average print intensity-Rf ~ Average print intensity-Rh
1E# Normal 12 131.25 £26. 19 156.67 £20.04 * 128.43 +9.57 ™ 173.92 +£13.98 ™
i Model 13 149. 37 +22. 38 172. 84 +15.70 146.43 +12.93 193.87 +13.90

TE:REARTBE, LE: Z2 R0, Rh: A5 B, Lh: 28R RS IEH 4 LA, © P <0.05, P <0.01,
Note. Rf; Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P

<0.05, "P <0.01.
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Tab.13 Body contour
2051 Bkt VRHG F R O 22 (J52) L W {EP IR I Ffy (mm /s) 2t o (LB SR A Tl 22
Groups Number Body rotation standard deviation Absolute body rotation average Absolute body rotation standard deviation
IE® Normal 12 1.9£0.66 " 1.64 £0.55™ 1.9£0.48™
Hi7] Model 13 2.97£1.23 2.8320.95 2.62 +0.49

B REATHIRE, LE: 22 BB, Rh AR B, Lhe 2R . SIER LR, * P <0.05, P <0.01,
Note. Rf: Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, *P <0.05, *P <0.0l.

*z 14 hEE

Tab. 14 Coordination test

AR A i AHTARXS T 22 Hi AHTARXS T AR A JE AT AR
415 Kot B [ P B [ PP [+ 00 ip i 44 [ 00 Bip i 44
Groups Number Homologous Homologous Homolateral Homolateral
coupling Lf—Rf coupling Rf—Lf coupling Rf—Rh coupling Rh—Rf
1E# Normal 12 0.48 +0.05 " 0.45 £0.06 " 0.40 £0.07 " 0.46 £0.10"
HEFL Model 13 0.40 £0. 14 0.37 £0. 10 0.35 £0.05 0.38 +0.07

H?:Rf;EﬁﬁHfi,Lf;EﬁﬁHfi,Rh:EEH&,Lh:E}EﬂiEE’ﬁéﬂthﬁ, *P <0.05,"P <0.01
Note. Rf: Right forepaw; Lf: Left forepaw; Rh: Right hindpaw; Lh: Left hindpaw. Compared with the sham group, * P <0.05, P <0.01.
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