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Observation of several physiological indexes of rhesus monkeys
by implantable telemetry technology
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[ Abstract ] Objective  To observe the changes of circadian characteristics and stress-response-related
physiological parameters including respiration, blood pressure, electrocardiography and body temperature of conscious
rhesus monkeys by implantable telemetry technique. Methods Surgery was performed on 8 rhesus monkeys ( half male
and half female, 3 =5 years old) for implantation of a telemetry transmitter. After 3 weeks of recovery, the physiological
parameters of respiration, blood pressure, electrocardiography and body temperature of the conscious rhesus monkeys

without binding were automatically recorded by a DSI telemetry system and the data were analyzed by the Ponemah
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software. Results Some electrocardiographic indexes showed significant differences at daytime and nighttime (P < 0. 05
or P< 0.01) including mean heart rate (HR) (155.0 —122. 4 times/min) , respiratory rate interval (RR-1) (410.8 -
535.7 ms), T-wave amplitude (T-A) (0.181 -0.157 mV), PR interval (PR-I) (80.4 -87.4 ms), QT interval (QT-
I) (224.8 -263.9 ms), and corrected QTcb interval (QTchb) (352.3 -366.7 ms). The indexes of blood pressure and
respiration at daytime were significantly higher than those at nighttime (P < 0.01), including the mean systolic pressure
(SYS) at daytime and nighttime (144.6 —131. 6 mmHg) , diastolic pressure (DIA) (99.8 —89.9 mmHg) , mean arterial
pressure (MAP) (121.5 -110.2 mmHg) , tidal volume (TV) (64.5 -36.6 mL) , minute ventilation (MV) (1931.9 -
920. 1 mL/min) , and respiratory rate (RR) (32.3 —25.4 times/min). Cleaning and feeding activities of the laboratory
staff at 9:00 a. m. and 2:00 p. m. had a certain effect on the stress-responses in the monkeys. Conclusions The
parameters of respiration, blood pressure, electrocardiography and body temperature of the conscious rhesus macaques
observed by implanted telemetry system show obvious circadian changes, which can truly reflect the changes of physiological
indexes at daytime and nighttime, and avoid the stress in hungry monkeys caused by the feeding and cleaning activities of

laboratory staff. This technique can improve the efficiency of drug safety pharmacology studies, reduce the number of

animals used and meet the requirements of 3R principles.
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Tab.1 Respiratory parameters of the rhesus monkeys during 24 h

I} fi] <k (mL) o R (L) I I 351 3 (553 b K0 I 1% 451 4[] 0] (‘ms )
Time TV MV RR (beats per minute, BPM) RR-I
8:00 69.2 +22.6 2004. 8 +876. 1 31.6 5.1 405.7 £86.7
9:00 74.0 +£21.9 2488.5 +£1102.9 35.8£5.5 339.8 +53. 1
10:00 59.2+20.4 1839.5 £842.8 32.0+5.0 411.6 £74.7
11:00 55.6 £16.7 1652.9 +£740.3 30.9+5.6 443.9 £79. 1
1200 58.7 +18.9 1798.4 +818.7 31.9+6.4 436.5+£92.7
13:00 71.0+25.2 2072.5 +£1080.4 32.3+6.2 408.3 £72.8
14:00 69.4 +21.9 1990. 8 £924.0 31.1 5.7 412.7 £81.6
15:00 63.3 +£22.0 1827.4 +£902.2 32.8+6.4 403.5 £64.5
16:00 59.9+19.6 1712.0 +813.6 32.6 £6.8 435.5+£72.6
17:00 36.3+12.4 1066.2 +327.9 30.0 6.6 492.9 £82.6
18:00 31.0+9.9 832.1 +£269.0 27.1 4.1 509.6 £107.9
19:00 32.2+14.7 851.3 £515.9 26.5 4.4 526.5 £139.4
20:00 30.7 +14.3 767.5 £399.6 26.1+3.2 523.0 +120. 4
21:00 35.8 +21.7 964.2 £700.3 26.7 £4.7 538.4 +140.2
22:00 28.7 +16.2 719.2 £446.3 25.4 +3.2 549.6 £119.4
23:00 33.1x14.2 836.2 +366.7 24.9 +3.4 528.9 +132.7
0:00 33.7+14.3 793.8 £392.9 23.9 +3.7 550.9 +141.3
1:00 39.6 £20.5 1049.7 +£685.4 26.4 +6.7 541.1 £168.5
2:00 42.1+14.8 1058. 0 £420.7 25.6 +4.3 524.2 £133.2
3:00 33.7+10.5 783.5 £280.8 24.0+3.9 561.7 £144. 1
4:00 52.0+19.3 1308.7 +788.9 25.9 5.4 503.8 +131.1
5:00 72.7 +33.9 1984.7 +1499.0 28.8 7.7 442.3 £144.0
6:00 73.1+26.3 2130.4 +£1274.4 30.4+7.6 407.6 £120.2
7:00 71.4 £30.4 2119.2 +£1179.2 31.9 4.5 419.7 £130. 1
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F2 EAR 24 h A TULRAERIIR (8 £5)

Tab.2 Electrocardiographic parameters of the rhesus monkeys during 24 h

- TNE:S R iJ}:ﬁ%JE P i T ‘Uiﬁglﬁ ST i %% QRS I PR [l QT [ljh]  AZIE QT [l
Time (BPM) (mV) (mV) (mV) (mV) (ms) (ms) (ms) (ms)
HR R-A P-A T-A STE QRS PR-I QT-I QTch

8:00 159.4£32.3  1.805+0.580 0.140 £0.031 0.155 +0.052 -0.072 £0.070 45.2 £2.8 78.0£9.8  225.6+20.6  355.7 £11.8
9:00 184.0+29.7 1.893 £0.668 0.157 £0.035 0.175+0.045 -0.075+0.081 43.7 £2.7 75.1£7.5 200.6 +21.5  345.5 £16.5
10:00 153.2+30.9 1.869 £0.617 0.146 £0.035 0.167 £0.032 -0.073 £0.074 45.6 £3.0 80.6+7.2  227.5+20.0 355.8 +17.4
11:.00 143.1+28.0 1.693 £0.527 0.140 £0.041 0.176 +0.044 —-0.055 +0.064 45.3 +4.1 82.6+£8.2  235.0+20.5 354.9+£19.5
12:00 146.4 +30.1 1.660 £0.526  0.142 +0.047 0.184 +0.068 -0.051 £0.065 44.5 3.9 82.9+9.7 232.5+25.0 353.4+£20.1
13:00 155.0+29.3 1.763 £0.606 0.139 £0.039 0.184 +0.052 -0.061 +0.073 44.9 +3.4 80.4 +9.1 222.8+18.5 350.5+19.3
14.00 154.7 +31.7  1.791 £0.631  0.143 £0.038  0.197 +0.037 -0.064 +0.070 45.3 +3.2 80.0+8.7  222.8+20.2 348.2x19.5
15:00 153.8+23.9 1.761 £0.586 0.140 £0.040 0.181 +0.037 -0.065 +0.067 46.2 +2.4 79.6 £7.9  222.4+16.2  351.7 £20.9
16:00 145.8+23.9  1.652£0.513 0.146 £0.046  0.207 +0.043 -0.038 +0.066 43.8 +4.6 84.9+£7.7  233.7+20.6  355.2£22.3
17:00 126.8 +21.4  1.852£0.855 0.150 £0.078 0.217 +£0.089 —-0.043 +0.101 44.7 £5.9 88.7+12.7 252.0+16.1 358.4 +27.5
18:00 124.5+24.8 1.688+0.599 0.119+0.035 0.156 £0.040 -0.050 £0.057 46.8 +3.1 85.2+£9.0 258.0+14.0 365.5+£25.7
19:00 125.0+40.6 1.652£0.666 0.128 £0.068 0.178 +0.154 -0.042 +0.076 45.9 +3.7 87.1£12.6 264.0x+12.4 367.5+24.6
20:00 122.4+27.6  1.630 £0.579 0.120 £0.046  0.147 +0.067 -0.045+0.054 46.1 2.5 85.7+10.4 261.5+12.3 368.4£25.1
21:00 121.2£32.9 1.701 £0.748 0.142+0.071  0.192 £0.114 -0.044 £0.067 45.2 +4.1 89.5+10.1 265.9+14.1 369.0+26.3
22:00 114.5+22.3 1.677 £0.675 0.122+0.045 0.135+0.059 -0.057 +0.060 45.9 £2.9 87.8 £9.5 268.9 +13.0  371.6 £26.8
23:00 122.2+29.8 1.759£0.789 0.135+0.052 0.153 +0.062 -0.050 £0.069 45.5+2.6 87.9£9.1 263.0+15.3  367.5+21.4
0:00 118.6+31.5 1.872£0.751 0.143 £0.059 0.153 £0.061 -0.053 £0.085 45.6 +3.4 88.3£9.1 272.2 +15.5  370.1+£24.4
1:00 126.1+53.1 1.646 £0.779  0.172 £0.095 0.195 £0.107 -0.014 £0.083 43.9 6.2 90.5£10.8 266.1+23.3 364.6+£23.4
2:00 125.6 £31.5 1.723+0.631 0.129 +£0.043 0.148 £0.035 -0.044 +0.067 44.9 +2.8 85.8£10.4 257.9+15.9  361.0£26.7
3:00 114.4£27.2  1.774+£0.650 0.126 £0.046  0.130 £0.050 -0.061 £0.063 46.6 +3.3 87.0+12.4 267.9+16.8  365.2 £25.7
4.00 136.4+35.9 1.781 £0.623 0.136 +0.048 0.156 £0.057 -0.053 £0.061 45.2+2.6 84.1+10.8 251.9£28.6 362.9 +16.4
5:00 152.2+47.8 1.751 £0.724 0.133 £0.039 0.145 +0.062 -0.062 +0.069 44.8 +2.7 79.3+12.7 232.7+37.8 353.0% 0.1
6:00 162.6+45.6 1.786 £0.671 0.145+0.033  0.140 +0.051 -0.064 +0.073 44.1+3.4 79.6 £10.9 222.8 +32.5  349.8 £10.8
7:00 158.7 +45.5 1.754 £0.672 0.141 £0.036  0.147 £0.064 -0.069 +0.071 44.6 £3.8 78.8 £10.2  226.3+33.2 351.3+ 6.4

F 3 MEME 24 h AR MR AEBEAEARSI R (x 2 s)

Tab.3 Body temperature and blood pressure of the rhesus monkeys during 24 h

P[] IR (C) W4 & (mmHg) #75K FE (mmHg) - #48) Bk (mmHg)
Time Body temperature SYS DIA MAP
8:00 37.8£0.5 145.8 +16.8 100.4 £8.4 122.6 +11.3
9:00 38.3+0.6 160.3 +19.7 110.0 £11.5 134.1 +13.8
1000 38.1+0.5 142.2 +19.3 99.2 +11.3 120.0 +13.9
11.00 37.9+£0.2 137.4 +18.6 95.1+10.8 115.7 £13.6
12.00 37.8£0.4 138.6 +20. 1 95.9 +10.2 116.5 £14.0
13:00 38.0+0.4 141.4 +19.8 97.3 +11.5 118.7 +14. 4
14:00 37.9+£0.4 148.9 +20.3 101.3 £12.1 124.3 £15.0
15:00 38.0+0.4 148.7 +21.6 103.3 £14.1 125.5 £17.3
16:00 37.8£0.4 138.4 +£23.8 96.1 +15.3 116.6 £19.1
17.00 37.6 £0.3 132.7 £22.6 92.7 +14.8 112.0 +18.2
18.00 37.3+0.3 129.2 +21.3 88.4 £14.8 108.2 +17.4
19.00 37.1+0.3 128.3 +21.3 86.8 +14.1 106.8 +17. 4
20.00 37.0+£0.2 131.0 £19.9 89.5+13.0 109.9 +15.9
21.00 36.9+£0.2 129.0 +20.5 87.8 £14.7 107.5 £17.0
22.00 36.9 +£0.2 129.8 +21.3 88.7 £13.8 109.1 £16.8
23:00 36.9+£0.3 132.0 +21.4 90.1 +14.4 110.6 +17.3
0:00 36.8 £0.3 129.9 +18.7 89.0+12.7 109.1 +14.9
1.:00 36.8 £0.3 130.9 +19. 1 89.3+12.2 108.9 +14. 1
2.00 36.9£0.3 136.3 +19.1 93.2+10.8 114.2 +14.0
3:00 37.1+0.4 130.0 £19.6 88.5+13.6 108.9 +15.3
4:00 37.2+0.3 135.9 +19.6 93.1+12.0 114.0 £ 14.9
5:00 37.3+£0.5 141.2 +19.3 95.9 +10.9 118.0 £13.8
6:00 37.6 £0.4 144.2 £18.6 98.2+9.7 120.7 £13. 1
7:00 37.8£0.4 141.9 +18.0 97.3 +9.5 119.2 +12.6
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R4 R 24 h PN G RE RS TR (2 2 s)

Tab.4 Statistical analysis of physiological parameters including respiration, blood pressure,

electrocardiogram and body temperature of the conscious monkeys during 24 h

AR5 R (% )

e LR 15 (8:00 ~16:00) T (20:00 ~4.00) Coefficient of variation (CV)
Parameters Whole day Daytime (8:00 ~16:00) Nighttime (20:00 ~4:00) EP= 7RG
Daytime Nighttime
45 B (L
‘?"H“fv(m ) 511 +25.1 64.5 + 20.9 36.6 + 17.0™ 10.1 19.4
i A (L
%%IPIEM“VE‘( ) 1443.8 = 941.2 1931.9 + 887.2 920.1 + 527.5* 13.0 20.8
I5E g 4% 2% ( BPM
PR (BPM) 28.9 = 6.1 32.3 £ 5.7 25.4 £ 4.3 4.5 3.9
RR
SH(C
Peilh (°C) 37.4 £ 0.6 38.0 + 0.4 36.9 +0.3% 0.4 0.4
Body temperature
B ETESED: ]
?&ﬁf;;fﬁ(ms) 471.6 = 123.8 410.8 = 77.4 535.7 + 130.6** 7.4 3.3
3% ( BPM
L}:I({R ) 139.4 = 36.3 155.0 = 29.6 122.4 =321 7.8 5.5
R i BE ( mV
‘M“;ﬁ(m ) 1.747 = 0.622 1.765 = 0.558 1.729 = 0.659 4.9 4.4
P:l» R A%
M“;’j\(m ) 0.139 + 0.048 0.144 + 0.037 0.136 + 0.057 3.8 1.5
T 9% 5 B (mV
’m“frri( mV) 0.167 = 0.068 0.181 = 0.046 0.157 +0.071" 8.6 14.4
ST { v
mjfém ) ~0.054 + 0.068 ~0.062 + 0.067 ~0.047 £ 0.066 19.5 29.3
RS 7
QRS 2 (ms) 45.2 £3.5 45.0 = 3.3 45.4 £ 3.4 1.8 1.7
QRS
PR il 9] ( ms
P54 (ms) 83.7 + 10.3 80.4 = 8.4 87.4 £ 9.9 3.6 2.3
PR-1
T[] H s
Q 'E;ﬁirm) 243.9 + 28.3 224.8 +21.6 263.9 £ 17.9* 4.6 2.3
s OT i ‘
Bk QT I (ms) 359.0 =+ 21.3 352.3 + 18.0 366.7 + 231" 1.0 1.0
QTch
B H
llﬁlf’ﬁ}l‘(r?m &) 137.7 = 20.4 144.6 = 20. 1 131.6 = 18.9* 5.0 2.0
SYs
72 FE ( mmH
AP (mmHe) 94.5 = 13.0 99.8 = 12.0 89.9 = 12.5* 4.7 2.2
DIA
S5 (mmHg
$WM(A'E“‘ &) 115.5 = 15.9 121.5 = 15.1 110.2 = 14.9* 4.8 2.1

F.5ABLK,  P<0.05,"P<0.01,
Note. Compared with daytime, * P < 0.05, ™ P < 0.01.
2.2 {EiAHR 24 h LS

MRAEZR 1 ~4 Al %0 e A% (9.0 FE (HR ) (I 43
I (RR-T) (T 3 i@ B2 (T-A) (PR ] ] (PR-I) |
QT A1 (QT-T) AL 1E QT [a] ] ( QTcb) &5 .0 HL 45 #5
RN ER HESARBEEP <0.053 P<
0.01) ,R P B (R-A) (P P& B2 (P-A) (ST {u %
(STE) QRS Bf £ ( QRS ) 2.0y Hi 8 5 JC 1Y B 1% 22 5
TREME(P> 0.05), 254 835000 m
feprh  HR H2 Y8 8 5 5 % (155.0 £29.6) Ik,
B By B (122.4 £32.1) WG RR-T 1 BB R

(410.8 £77.4) ms, By N (535.7 = 130.6) ms;
T-AFE Y (0. 181 £0.046) mV, H 7% % (0.157 =
0.071) mV;PR-I1 F1/8 J (80.4 +8.4) ms, B N
(87.4+9.9) ms; QT-1 4/ % (224.8 +21.6) ms,
ML K (263.9 +17.9) ms; QTeb B (352.3 =
18.0) ms, B K (366.7 +23.1) ms. {E{AJE 24 h
DS, I E A E A LT 9:00 19
RR-I HR . QRS PR-1, R-A, QT-1 fl QTcb 2 4% #5,
P-AfR I {E B AE 1:00, T-A F1 STE W & 43 51 H 3
7E17:001 1:00, RR-I HR T-A PR-I,QT-I,QTCh
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GRER2ZESA D FEEN.CREAE R, BRI 1700
~ 19000} 0] Bt A & fa o H R R 28k, ECG
HAehn P-A T-A M) A8 5+ 2% > 10% ,STE &
WAL S 2B > 10% , HARdainty < 10%
2.3 fEAHR 24 h B ME A

FRPE e 3 3 4 mIA, FE A R M 46 TR (SYS) (&F
5K He (DIA) P23 ik 5 (MAP) FUE B W] & T
WM (P < 0.01),Hh SYS BB K (144.6 +
20.1) mmHg &M~ (131.6 £18.9) mmHg, DIA 4
HEE N (99.8 +12.0) mmHg . 7% M Jy (89.9 =
12.5) mmHg, MAP ¥ {f (18 N (121.5 = 15.1)
mmHg & #F (110.2 +14.9) mmHg, % # SYS,
DIA MAP (U4 H 37 4 9:00, H 17:00 A4
() I H8 AR BB W T, & 19:00 & TR, =i
FEAE AR B R 5 R < 10%

3 g

LRV B 5T P T 9 R e sh W R T E
I A . AL SEI IR AR e Be— B 3 ~
5% PRE AR P AR AN TR R A — Rl
3 ~5 ke, fH5MH N 3 ~7 kg

N ARG A T RIAE A TR A 3 R /Y
Z JIF B oWy BNk B 25, — HLAE N 2R W Bl A
AT L 5 1 RTT w8l W 40 e e A 2 T R
PNGUE SIS S B Ol R E S R P |
(9, B LT AR S 5 FOR FUR 5 47 B 7 58 1 1 4% 02
TERA SRR PR B — 3, R BEm MR
Bt —BHEATARE QAR EEE, T UEE
XA TR) J2 U 4123 53 391 16 1 LA O7 3% - UL PR = A
8 FEERTE, N HBUELSE S, I IK)Z BN i 8 5%
kAT — A R W RE R REA 0, R
Jr s BRI DR SR B, A B DS R,
A BT TR ATUEE v 5 1z ik MRS A Y
(RS

TS AT ], DA ARG TR R BEIR RE T, A
o FH 2 AN 5 00 - S DA A (000 o A L TR AR T
ETFIEEI WE S AERI) B &M A
THCAR T L A A N A PR A R R A 1) B
Wehr AGE N Iy 2 MR B 2 S 2 2 A 1R T A
BT W I [ LB R L 0 A 2 sl T A IR
TR fih 28 A 7 B A R T A X S R it ) 44k
27N

S LR IR R, AE S U N B B AR P I ] B

( E7F9:00) , it A9 b AT I 1 B I ERoK 45
IS A A Al B W A AT R, YR A A R R ol
JE U FUFIA AT 35 — 28 1 0L 3852 ), A H A0 S 5
N GUETESE N BRER PR AT E , Fr 5280 A 01 45 R )
Yoo NI BEAE B IS, e S AR PR R Ok, N SE 5
S5 AT UL 17 10:00 B 8] B 9 &6 AR S AR B & -
- 8:00 By/KF o {HTR A 1400 B[R] B 5286 A 61
358 I 1 M AR K B A B 6 B R 38
ANFAR B 9:00 i a) BEIRFE S EL LA b AR s %
i LR QN 15 ST N E R B = T R A 2D
2R DL B 1 8 2l . 283N R 9:00 B[] Bz i 3R
49 IO 35 72 Ak L B B 8 i D AL, R b A R 2 A
ARHE A2 h £ Ay, YU b B0, e 48 0 — Be it
A%, B T A T N Lt 300 e gl 2 it
FEEFE] P L 25 5 XAy R B . i R 14:00 B
[ENEE E i N BT e =0 s 7 N (1 B s B - E UV
RN

S0 S SR R W A 1 A BREE AR A TE B AR
W2E 5 A o Bl A R AR IR
KR CEEh K 0 T R B AR Y S R
(8:00 ~16:00) B & & F % M (20:00 ~4.00) , PR
(] 40 (W W A5 2% ] 4] QT[] 9] A% 1E QT [ 4977 D) A iz
RN R BAR TR, T R %R R P iR
& ST 4% QRS B &% PU A~ 48 br W] & R 5K 2
5o M RS2 T DL & B, P L I A TR A
IR 2 A AE 3 — BOME RAR S6 v {H 0 B Y B ) $
Frrft RR [ 4] (PR [a] ] QT Al A% 1E QT [R] A 45 Py
A B 25 5, 1 QRS W A2 W JC 5 0 25 57, WL R 48
Frrb A T R R A B R 25 5 R IR E P IS
BE ST A NER BoR B 25, ARLEEE R PiHA
MIAS S ZB(CV) L= 10% KR N ES %
SRR TE S B S, Hoh B R Uk B e Y =
10% WA T <o A3 B < it f STE =T 4845, 55 P
W B T MR e CV = 10% , ARS8 bR i e
WOV ¥ < 10% . AR5 52 50 45 8, DA 9 0 02 ol
FE O HL AR S AR B bR AE A B T, BT LUAE S
BB R 24 58 4 % R R 7 45 2 UL 8 I )
B e O R I B 2 25 SR BT T, 461 1 45 24 FOUL 5 f
[, I FLAE U 45 25 1, 7 418 55 56 B (8] 22 HE 78
7:00 ~16:00 P, 0% BT TAE N B Y 07 380 52
LTI ZN 7 0 7% 0 288 1 95 B IO R R S [ Jb
lia] B2 174 S 56 54 A S 30 40 A A R A A A R
TE X ZR B W W 38 AR E 47 G2 3 53 B B, 0 25 6 Ho Al



[ PL A BE A e 2018 4F 1 45 28 #2451 ] Chin J Comp Med, January 2018, Vol. 28. No. 1 107

PR 3 172 0 X O R 46 0 B 0 A L B 90
L IGE TSI G TR . T 5 2, 2
PG QU 36 52 7 2% 4 25 3 25 BF 20 i 4 £ I
AU 2, SR % 0 ) AT R A 9 4 0 o
1 HIRGE 1 22 (baseline) BO, I 48 B IE 5%
YRR 04 £, 21T 309 baseline BOAR 19 1 52
S O 9 1P 2 T LAA T L) L 6 JE
XL 41 5 26 25 5 O A U 3 B
7 10 52 S B B0 00 2% 1 B

A4S LA 0 A L8 1) 463 A 0F 0
L i 365 1 06 0 A L34 A
B A, F IR LR A L 36 9 B
B 6 2 R0 2 TR R L 2
S5 A9 A £ L EROAR 25 A A A BR 0 WL
1 20 0 B O LR 20 L A D 3R
AT LRI G AR 25T AR o LI P
AL 45 T Y SR M, i 2L T WAELT 7 24 b 1y
L3 A TR R0 LR o T 7 25 0 2

WEFE B B 6 225 o [R] Ik R AR A 28 B AR
A B TR 25 W) 28 4 2 PR B ST B CR 0D 3h )
(1 6 P20, 754 3R U
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