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[ Abstract] Objective To conduct basic research on the structure and function of the heart in cynomolgus monkeys
older than 10 years to provide data for animal selection in elderly disease research. Methods A total of 144 cynomolgus
monkeys > 10 years old were selected as research subjects, including 37 females and 66 males in the 10 ~ 15 years group,
and 21 females and 20 males in the 16 ~ 20 years group. Basic data on cardiac structure and function in middle-aged and
elderly cynomolgus monkeys were obtained through comparative analysis of general indicators ( body mass index, blood
pressure, and heart rate) , blood biochemical indicators ( blood glucose, blood lipids, and ion indicators), and cardiac
structure and function indicators. Results General indicators for the 10 ~ 15 years and 16 ~ 20 years groups were
compared. As age increased, the blood pressure and heart rate of female and male monkeys increased, and there was a
significant difference in blood pressure changes between male monkeys. A comparison of two sets of blood biochemical
indicators showed that, as age increased, blood glucose, triglycerides, total cholesterol, low-density lipoprotein
cholesterol, blood calcium, blood sodium, and blood potassium increased, while lactate dehydrogenase decreased, in
female and male monkeys. Among these, blood glucose, triglycerides (males), total cholesterol, high-density lipoprotein
cholesterol (males) , low-density lipoprotein cholesterol ( males), blood calcium, blood sodium, blood potassium, and
lactate dehydrogenase showed significant changes. A comparison of cardiac contractile function between the two groups
showed that, as age increased, the anterior and posterior diameters of the left atrium significantly decreased in both female
and male monkeys. Female monkeys showed a significant decrease in the interventricular septal end systolic diameter, left
ventricular end diastole and systolic diameters, left ventricular end diastolic and systolic volumes, and left ventricular mass
index, while no significant changes were seen in male monkeys. A comparison of diastolic function between the two groups
showed that, as age increased, the late diastolic velocity of the mitral valve decreased significantly in male monkeys, while
the early diastolic velocity of the left ventricular sidewall increased significantly in female monkeys. Correlation analysis was
conducted between the metabolic indicators and the cardiac structure and function indicators of female and male monkeys.
The correlations between metabolic indicators and cardiac structure and function indicators were weak in female monkeys,
for which the maximum absolute I" value did not exceed 0. 39. However, the correlations between metabolic indicators and
cardiac structure and function indicators were relatively strong in male monkeys, for which the maximum absolute I' value
reached 0. 66. Conclusions Based on ultrasound analysis combined with metabolic indicators, the heart function of
cynomolgus monkeys was studied, and basic data related to the structure and function of the heart in middle-aged and
elderly cynomolgus monkeys were obtained. As age increased, blood glucose and lipid indicators increased in cynomolgus
monkeys, while cardiac systolic and diastolic functions show a downward trend, similar to changes in middle-aged and older
adult human populations. These data provide support for animal selection in research on age-related diseases related to heart
function.

[ Keywords] middle-aged and elderly cynomolgus monkeys; cardiac structure and function indicators; blood
biochemistry indicators; general indicators
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Note. a. Left atrium two-dimensional structure diagram. b. Left atrium diameter two-dimensional measurement diagram. c. Left atrium volume two-
dimensional measurement diagram. d. Mitral valve two-dimensional structure diagram. e. Mitral valve pulse Doppler image. f. Mitral valve pulse
Doppler measurement diagram. g. Interventricular septum tissue Doppler image. h. Interventricular septum tissue Doppler measurement diagram. i.
Left ventricular lateral wall tissue Doppler image. j. Left ventricular lateral wall tissue Doppler measurement diagram.

Figure 1 Collection of echocardiography images of cynomolgus monkeys
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Table 1 Comparison of general index measurement values in middle-aged and elderly cynomolgus monkeys
10~15  (n=237) 16 ~20  (n=21)
10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
Groups
XEs 95% CI* s 95% CI'
2
/(l;gm ) 24.30 + 1.42 21.42 ~ 27.17 24.48 + 1.09 22.61 ~ 26.75
BML/ ( kg/m?)
/mmHg
SBP/mmig 112.60 + 3.23 105.90 ~ 119.40 123.30 + 4.77 113.30 ~ 133.20
/mmHg
DBP/mmilg 61.54 + 2.61 56.24 ~ 66. 84 70.05 + 3.78 62.16 ~ 77.94
/bmp 174.70 + 3. 82 167.00 ~ 182.50 177.40 £ 4.51 168. 00 ~ 186. 80
HR/bmp
#:95% . 10 ~ 15 P <0.01, ( )

Note. #. 95% confidence interval upper and lower limits. Compared with 10 ~ 15 years group, ™ P < 0.01. ( The same in the following tables)

2
Table 2 Comparison of measurement values of blood biochemical indicators in middle-aged and elderly cynomolgus monkeys
10 ~ 15 (n = 66) 16 ~ 20 (n = 20)
10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
Groups
X xs 95% CI* X ts 95% CI1*
2
/(I;t/m ) 38.67 + 1.01 36. 66 ~ 40. 68 35.39 + 1.45 32.25 ~ 38.44
BMI/ (kg/m?)
/mmHg o
SBP/mmHg 111.90 = 4.93 102. 10 ~ 121. 80 141.60 £ 7.50 125.90 ~ 157.20
/mmflg 54.34 & 3.19 47.97 ~ 60.71 82.00 = 5.80 " 69.85 ~ 94.15
DBP/mmHg . - . . . + 5. . X
/bmp
156.70 = 3.48 149. 80 ~ 163.70 160. 60 + 6. 31 147.40 ~ 173. 80
HR/bmp
3

Table 3 Comparison of measurement values of blood biochemical indicators in m

iddle-aged and elderly female cynomolgus monkeys

10~15  (n=37) 16 ~20 (n=21)
10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
Groups
vES 95% CI* s 959% CI*
/ (mmol/L) .
GLU/( mmol/L) 3.34+0.24 2.86 ~ 3.82 4.90 + 0.27 4.33 ~ 5.47
/(' mmol/L)
TG/ ( mmol/L) 0.74 = 0.08 0.58 ~ 0.90 0.81 = 0.07 0.65 ~ 0.96
/(mmol/L) .
TCHO/ ( mmol/L) 3.06 = 0.13 2.80 ~ 3.32 3.46 = 0. 14 3.17 ~ 3.75
/(mmol/L)
HDL-C/ ( mmol/L.) 1.28 + 0.07 1.14 ~ 1.42 1.26 £ 0.06 1.13 ~ 1.29
/(mmol/L)
LDL-C/( mmol /L) 1.33 + 0.08 1.16 ~ 1.50 1.37 £ 0.10 1.18 ~ 1.57
/(U/L)
LDH/ (U/L) 631. 10 + 49. 61 530.50 ~ 731.70 394.90 + 39. 81 311.80 ~ 477.90
/ (mmol/L) .
Na/(mmol/L.) 141.50 = 2. 00 137.40 ~ 145.50 150. 40 + 0. 88 148. 60 ~ 152.20
/ (mmol/L) .
K/ (mmol/L) 5.16 £ 0. 16 4.83 ~ 5.48 5.73 + 0. 19 5.35 ~ 6.12
/(mol/L)
P/(mol/1) 1.35 £ 0.06 1.22 ~ 1.48 1.27 £ 0.07 1.12 ~ 1.41
/(mol/L) .
Ca/(mol/L) 2.33 £0.05 2.23 ~ 2.43 2.55 £ 0.05 2.45 ~ 2.65
/ (mmol/L)
Cl/ (mmol/L) 104.00 = 1. 19 101. 60 ~ 106. 40 104. 60 = 0. 46 103.60 ~ 105. 60
10 ~ 15 P <0.05, ( )

Note. Compared with 10 ~ 15 years group, P < 0.05. ( The same in

the following tables)
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87.30% . 27.20% .
34.60% .17. 00% ,LDH

41.1%(  4),
2.3

14.90% . 20.90% . 8.40% .
10 ~ 15 (n = 66)

’

IVSs \LVIDd ,LVIDs . EDV (ESV |LVMI ,
LAD Sep-e’ \E/e’ , ,16 ~ 20
(n = 21) IVSs, LVIDd, LVIDs, EDV | ESV |
LVMI .LAD E/e’ 10 ~ 15 (n = 37)
10.80% . 7.30% . 8.80% . 19.30% . 24.00% .

15 (n = 66) 24.60%( 6),

2.4
(BMI,SBP  DBP HR,
GLU TG ,TCHO \HDL-C ,LDL-C)
arH - ,
,T
0.39,
BMI,SBP  DBP, TCHO,HDL-C,

LDL-C; SBP

17.30% .29. 50% . 16. 80% , Sep-e”’ 10 ~ 15 DBP HR( 7).,
(n = 37) 15.3%( 5), I 0. 66,
LAD MV-A E/A . ,16 SBP |
~ 20 (n=20) LAD.E/A 10 ~ 15 TCHO .HDL-C, BMI
(n=66)  16.90% .23.30%,MV-A 10 ~  DBP.HR.TG; (8.
4
Table 4 Comparison of measurement values of blood biochemical indicators in middle-aged and elderly male cynomolgus monkeys
10~15  (n = 66) 16 ~20  (n = 20)
} 10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
Groups
xEs 95% CI* Xt 959% CI*
/(mmol/L) e
GLU/ ( mmol/T.) 3.16 £ 0. 15 2.86 ~ 3.46 4.81 £ 0.22 4.35 ~ 5.27
/(mmol/L) .
TG/ ( mmol/L) 0.55 = 0.04 0.48 ~ 0.62 1.03 = 0. 15 0.71 ~ 1.35
/(mmol/L) i
TCHO/ ( mmol/L) 2.13 £ 0.07 2.00 ~ 2.27 2.71 £ 0. 14 2.41 ~ 3.00
/(' mmol/L) .
HDL-C/ ( mmol/L) 0.87 = 0.04 0.78 ~ 0.95 1.00 = 0.06 0.88 ~ 1.11
/(' mmol/L) N
LDL-C/( mmol/L) 0.86 = 0.04 0.78 ~ 0.93 1.04 = 0.08 0.87 ~ 1.21
/(U/L) .
LDH/(U/L) 542.70 + 38.69 465.50 ~ 620. 00 319.60 + 15.23 287.70 ~ 351. 40
/(mmol/L) .
Na/( mmol/L) 138.60 = 1.34 135.90 ~ 141.20 150.20 + 2.05 145.90 ~ 154.50
/ (mmol/L) .
K/ ( mmol/L) 4.39 £ 0.12 4.15 ~ 4.64 5.91 + 0.24 5.41 ~ 6.40
/(mol/L)
P/(mol/L) 1.38 = 0.06 1.26 ~ 1.51 1.44 + 0.07 1.29 ~ 1.59
/ (mol/L) .
Ca/(mol/L) 2.18 £ 0.03 2.11 ~ 2.25 2.55 £ 0.06 2.42 ~ 2.67
/ (mmol/L)
Cl/ (mmol/L) 102.30 + 0. 74 100. 80 ~ 103. 80 103.10 £ 0. 79 101.40 ~ 104.70
3 o
, BMI
ol BMI
N N = 40 ,
s 10 ~ 15 (n = 10 BMI < 40
103) 16 ~ 20 (n=41) . BMI s
93% : BMI : BMI

7, SBP
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Table 5 Cardiac ultrasonic structure and function measurements and reference values of

middle-aged and elderly female cynomolgus monkeys

10 ~ 15 (n = 37) 16 ~ 20 (n=21)
G 10 ~ 15 years group(n = 37) 16 ~ 20 years group(n = 21)
roups
xEs 95% CI* Xxs 959% CI*
/mm
IVSd/mm 4.74 + 0. 13 4.47 ~ 5.00 4.65+0.13 4.38 ~ 4.91
/mm .
IVSs/mm 6.60 = 0.13 6.34 ~ 6.86 5.80 + 0.12 5.64 ~ 6.13
/mm .
LVIDd/mm 13.62 + 0. 31 12.99 ~ 14.25 12.63 = 0.29 12.03 ~ 13.24
/mm .
LVIDs/ mm 8.06 + 0.21 7.62 ~ 8.50 7.35 £ 0.21 6.92 ~ 7.78
/mm
LVPWd/mm 4.46 + 0.13 4.20 ~ 4.72 4.49 + 0. 11 4.26 ~ 4.72
/mm
LVPWs/mm 5.85 +0.15 5.54 ~ 6.16 5.84 = 0.16 5.50 ~ 6. 17
/mL N
EDV/mL 4.88 +0.29 4.28 ~ 5.48 3.94 + 0.22 3.48 ~ 4.40
/mL N
ESV/ml 1.21 = 0.09 1.03 ~ 1.40 0.92 + 0.07 0.77 ~ 1.07
/mL
SV/mL 3.67 £ 0.26 3.14 ~ 4.18 3.02£0.17 2.67 ~ 3.63
/%
LVEF/% 74.41 + 1.49 71.38 ~ 77.44 76.76 + 0.96 74.76 ~ 78.75
/%
FS/% 40.54 = 1.31 37.90 ~ 43.19 41.83 £ 0.89 39.98 ~ 43.69
/g
LVMass/g 8.56 + 0.41 7.74 ~ 9.38 7.60 + 0.34 6.89 ~ 8.31
2
/z(g/m ) 31.60 + 1.47 28.62 ~ 34.57 26.13 = 1.117™ 23.88 ~ 28.38
LVMI/(g/m?)
/mm .
LAD/ mm 13.69 = 0.49 12.69 ~ 14. 68 9.65 + 0.24 9.16 ~ 10. 14
/mL
LAV/mL 1.58 £ 0.12 1.34 ~ 1.82 1.66 £ 0.12 1.42 ~ 1.91
2
/(mL/m") 5.82 + 0.46 4.89 ~ 6.76 5.65 + 0.37 4.88 ~ 6.42
LAVL/(mL/m~)
/(m/s)
MV-E/(m/s) 0.67 = 0.03 0.61 ~ 0.73 0.66 = 0.05 0.55 ~ 0.76
/(m/s)
MV-A/(m/s) 0.59 +0.03 0.52 ~ 0.65 0.64 + 0.04 0.57 ~ 0.71
E/A 1.20 = 0.06 1.09 ~ 1.31 1.09 = 0.12 0.84 ~ 1.33
e’ /(m/s) .
Sep-e’ /(m/s) 0.072 = 0.003 0.066 ~ 0.078 0.083 + 0.005 0.073 ~ 0.093
e’ /(m/s)
Lat-e” /(m/s) 0.087 + 0.004 0.080 ~ 0.094 0.098 + 0.006 0.085 ~ 0.110
, 9.75 +0.52 8.69 ~ 10.81 8.11+0.52" 7.02 ~ 9.20
E/e
DBP " s GLU,TCHO.TG,
° LDL-C .HDL-C ,
, s 3 GLU ., TCHO

TG .LDL-C HDL-C

’

b

(glucose transporter, GLUT)

’
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Table 6 Cardiac ultrasonic structure and function measurements and reference values of middle-aged and

elderly male cynomolgus monkeys

10 ~ 15 (n = 66) 16 ~ 20 (n = 20)
G 10 ~ 15 years group(n = 66) 16 ~ 20 years group(n = 20)
roups
xEs 95% CI* Xxs 959% CI*
/mm
IVSd/mm 5.45+0.13 5.18 ~5.71 5.08 £ 0.07 4.93 ~5.23
/mm 6.54 +0.23 6.09 ~ 6.99 6.45 £ 0.12 6.20 ~ 6.69
IVSs/mm
/mm
LVIDd/mm 17.80 + 0.35 17.11 ~ 18.49 18.02 + 0.48 17.02 ~ 19.02
/mm
LVIDs/mm 11.16 + 0.28 10.61 ~ 11.71 11.11 + 0.29 10.50 ~ 11.72
/mm
LVPWd/mm 5.05+0.12 4.81 ~ 5.29 4.96 + 0.12 4.72 ~ 5.20
/mm
LVPWs/mm 5.99 + 0.20 5.58 ~ 6.39 6.41 £ 0.15 6.08 ~ 6.73
/mL
EDV/mL 9.88 £ 0.47 8.95 ~ 10.82 10. 00 = 0. 67 8.58 ~ 11.42
/mL
ESV/mL 3.01 £0.20 2.62 ~ 3.40 2.81 £0.18 2.43 ~3.19
/mL
SV/mL 6.88 + 0.34 6.20 ~ 7.56 7.19 = 0.56 6.02 ~ 8.35
/%
LVEF/% 69.72 + 1. 19 67.35 ~ 72.09 71.59 + 1. 13 69.22 ~ 73.97
/%
FS/% 37.26 + 0.96 35.35 ~ 39.17 38.25 £ 0.93 36.31 ~ 40.20
/g
LVMass/g 15.03 £ 0.51 14.00 ~ 16.06 14.16 + 0.38 13.17 ~ 15. 16
2
/2( g/m’) 32.54 +0.98 30.57 ~ 34.5 31.47 + 0. 81 29.78 ~ 33.16
LVMI/(g/m"™)
/mm .
LAD/mm 14.78 + 0. 40 13.99 ~ 15.57 12.28 + 0.28 11.70 ~ 12.86
/mL
LAV/mL 2.91 £0.10 2.70 ~ 3.12 2.96 + 0.16 2.62 ~ 3.30
2
/(mzL/m ) 6.36 + 0.23 5.89 ~ 6.82 6.62 + 0.37 5.84 ~ 7.39
LAVL/(mL/m~)
/(m/s)
MV-E/(m/s) 0.65 + 0.02 0.62 ~ 0.69 0.63 = 0.20 0.56 ~ 0.74
/(m/s) .
MV-A/(m/s) 0.57 = 0.02 0.52 ~ 0.62 0.71 = 0.04 0.63 ~ 0.79
/A 1.20 £ 0.04 1.11 ~ 1.28 0.92 +0.047 0.84 ~ 0.99
e’ /(m/s)
Sep-e’ /(m/s) 0.071 + 0.003 0.065 ~ 0.077 0.075 + 0. 006 0.062 ~ 0.088
e’ /(m/s)
Lat-e’ /(m/s) 0.091 + 0.004 0.084 ~ 0.098 0.092 + 0. 006 0.079 ~ 0. 105
E/e’ 9.83 +0.38 9.07 ~ 10.58 9.44 +0.79 7.78 ~ 11.09
° ) LAD , IVSs, LVIDd
N LVIDs .EDV [ESV LVMI s ;
, , MV-A E/A ;

Sep-e’ ,E/e’ o

Ay Ay Ay

’
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Table 7 Correlation coefficient (r) between metabolic indexes and cardiac structure and function in

female cynomolgus monkeys

Correlation coefficient BMI SBP DBP HR GLU TG TCHO HDL-C LDL-C
/mm
VS 0.06 0.05 0.15 0.12 0.13 0.15 -0.15 -0.18 -0.07
/mm 4
VSe/mm 0.27 0. 00 0.01 0.11 0.18 0.01 0.13 0.12 0.12
/mm 4 _ _ _ _ _ # _ #
LVIDd/mm 0.29 0.17 0.19 0.09 0.19 0.04 0.30 0.03 0.30
/mm
LVIDS/ s 0.19 0.19 0.13 0. 14 -0. 14 -0. 07 -0. 14 -0.03 -0.06
/mm
VW mm 0.17 -0.02 0.06 -0.18 -0. 04 -0.10 -0. 11 -0. 11 -0.01
/mm
LVPWe/mm 0.17 0.03 0.13 -0.21 0.00 0.13 -0.24 -0.22 -0.15
/% -0.02 -0.07 0.03 -0.27* 0.01 0.08 -0.08 0.00 -0.18
LVEF/% ) : e : : : : ) :
/% 0.03 -0.06 0.04 -0.27 -0.01 0.04 -0.11 0.04 -0.24
FS/% ) : ) ) : : ) ) )
/ml. 0.35" 0.12 0.15 -0.13 -0.19 -0.02 -0.31*% -0.04 -0.29*
EDV/mL : : ) ) ) ‘ : ) :
/ml. 0.20 0.16 0.10 0.14 -0. 14 -0.09 -0.11 0.02 -0.03
ESV/mL ) : ) ) ) : )
/ml 0. 33* 0.09 0.14 -0.20 -0.18 0.01 -0.33* -0.06 -0.32*%
SV/mL . : . . . . . R X
/mm #
LADY 0.01 0.12 0.14 0.07 0.26 0.11 -0.28 0.04 0.18
/ml. 0.13 0.23 0.14 0.09 0. 00 -0.02 -0.39%  -0.37%  -0.28*
LAV/mL : : - - . : . . )
2
/(ml/m®) -0.21 0.20 0.15 0.25 0.05 0. 00 -0.35%  -0.39%  -0.17
LAVL/ (mL/m?)
/(m/s) m _ _ _ _
MV-E/ (m/s) 0.08 0.05 0.01 0.47 0.09 0.04 0.21 0.10 0.23
/(m/s) # # # _ - -
MV-A/(m/s) 0.23 0.31 0.31 0. 40 0.03 0.05 0.18 0.18 0.12
-0.14 -0.21 -0.22 0.11 0.18 -0.07 -0.01 0.01 -0.04
E/A
e’ /(m/s) -0.09 0.21 0.26" 0.37% 0.14 0.21 0.02 -0.05 -0.08
Sep-e’ /(m/s)
e’ /(m/s) -0.05 0.12 0.14 0.23 0.10 0.10 0. 00 0.12 -0.23
Lat-e’ /(m/s)
0.16 -0.17 -0.27* 0.07 -0.07 -0.21 -0.16 0.03 -0. 14
E/e’
,'P<0.05,%P <0.01, ( )

Note. Correlation coefficient represents the correlation between the two parameters corresponding to the row and column,
same in the following tables)

[10]

, , E/A ,EF FS

P <0.05, ¥P <0.01. (The
(1]
;

b
[12]
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8 (r)

Table 8 Correlation coefficient (r) between metabolic indexes and cardiac structure and function in male cynomolgus monkeys

Correlation coefficient BMI SBP DBP HR GLU TG TCHO HDIC LDI-C
/mm # # # _ # ##
IVSd/mm 0.28 0.41 0.26 0.07 0.22 0.09 0.33 0.55 0.09
/mm i i _ # it it #
- 0.28 0.56 0.38 0. 06 0.04 0.24 0.50 0. 66 0.22
IVSs/mm
/mm "
LVIDA/mm 0.11 0.13 -0.08 0.22 0.01 0.02 0.09 0.15 0.01
/mm
LVIDs/mm 0.07 -0.20 -0.13 -0.20 0.02 -0.02 -0.04 -0.15 0.07
/mm # H#H# - — #
LVPWd/mm 0.24 0.36 0.35 0.01 0. 08 0.19 0.17 0.28 0.01
/mm ::# w _ i 1 w #
LVPWs/mm 0.32 0.52 0. 47 0.05 0. 06 0.37 0. 46 0.53 0.22
/% 0.01 0.16 0.13 0.03 -0.03 0.09 -0.04 0.04 -0.13
LVEF/% ’ ’ ’ ’ ’ ’ ’ ’ ’
/% 0.02 0.14 0.11 0. 00 -0. 06 0. 08 -0. 05 0.05 -0.13
FS/% . R X . R . . R X
/ml. 0.13 -0. 14 -0. 09" -0.23 -0.03 0.02 -0.11 -0.18 0.00
EDV/mL ’ ’ : ’ ’ ’ ’ ’ ’
/ml. 0.05 -0.23 -0.17* -0.26 -0.03 -0.03 -0. 04 -0.15 0.08
ESV/ml R X X X . 03 . R § X
/ml. 0.15 -0.07 -0.03 -0.18 -0.03 0.04 -0.12 -0.16 -0.04
SV/mL ’ ’ ’ ’ ’ ’ ’ ’ ’
/mm " # _ it -
LAD/mm 0.30 0.24 0.14 0. 00 0.27 0.02 0.18 0.49 0.05
/ml. 0.10 -0.09 -0.04"  -0.32 -0.01 0.04 -0.13 -0.19 -0.02
LAV/mL ’ ’ : ’ ’ ’ ’ ’ ’
2
/(ml/m") -0.31%  -0.23 -0.18%  -0.30 0.03 -0.05 -0.17  -0.25*  -0.06
LAVI/(mL/m~)
/(m/s)
MV-E/(m/s) 0.07 0.01 0.01 0. 06 0.18 0.05 0.10 0.17 0.02
/(m/s) _ _ _ _
MV-A/(m/s) 0.04 0.17 0.27 0.09 0. 00 0.02 0.04 0.11 0.01
-0.03 -0.20 -0.29" -0.20 -0.21 -0.08 -0.12 -0.08 -0.01
E/A
e’ /(m/s) 0.08 0.12 0.17 0.13 -0.16 -0.12 -0. 25" -0. 25" -0.16

Sep-e’ /(m/s)

e’ /(m/s) 0.03 0. 04 0. 14 0.08 -0.17 -0.07 -0.18 -0.19 -0.14
Lat-e’ /(m/s)
-0.10 -0.10 -0. 14 -0.13 0.02 0.07 0.13 0.04 0.20
E/e’
’ o} ’
b b s
s E/A ,
,EF FS o . °
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