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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-I) (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 (QTcb) (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 mI/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

o WG () TR I (1) VPORHR (B A SPOCD) PR ()
Time TV MV RR (beats per minute, BPM) RR-T
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
12.00 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 27.1x4.1 509.6 +107.9
1900 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 33.1+14.2 836.2 +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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Tab.2 Electrocardiographic parameters of the rhesus monkeys during 24 h

- LR R I i P R i T W i ST fii %% QRS Hf PR [8]3 QT [aH  ALIE QT [H) 1
Time (BPM) (mV) (mV) (mV) (mV) (ms) (ms) (ms) (ms)
HR R-A P-A T-A STE QRS PR-I QT-1 QTcb

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 2256 £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+x19.5
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+x20.1
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+185 350.5+£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+20.2 348.2+19.5
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+12.6 264.0+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 80.5£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 1.646x0.779 0.172+0.095 0.195+0.107 -0.014 £0.083 43.9 6.2 90.5+10.8 266.1+23.3 364.6x23.4
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+x26.7
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+28.6 362.9x16.4
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% 9.1
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 EHRE 24 h AR AE FRREARSIR (& £ 5 )
Tab.3 Body temperature and blood pressure of the rhesus monkeys during 24 h

st [ R (C) 545 ( mmHg) &5k E (mmHg) S8l 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
10.:00 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
1700 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
1900 37.1£0.3 128.3 £21.3 86.8 +14.1 106.8 +17.4
2000 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
700 37.8+£0.4 141.9 £18.0 97.3+9.5 119.2 £12.6
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Tab.4 Statistical analysis of physiological parameters including respiration, blood pressure,

electrocardiogram and body temperature of the conscious monkeys during 24 h

5 R E(% )
B ST 15 (8:00 ~ 16:00) R (20,00 ~4.00) Coefficient of variation (CV)
Parameters Whole day Daytime (8:00 ~16:00) Nighttime (20:00 ~4:00) H e R
Daytime Nighttime
il = L
@va(m ) 51.1 +25.1 64.5 +20.9 36.6 + 17.0™ 10. 1 19.4
SE S (L
éj%q]ﬁw?vi( ) 1443.8 = 941.2 1931.9 + 887.2 920.1 + 527.5™ 13.0 20.8
IR 451 % ( BPM »
Tw’fR( ) 28.9 +6.1 32.3 £5.7 25.4 +4.3" 4.5 3.9
IR (C) 374 +0.6 38.0 + 0.4 36.9 + 0.3 0.4 0.4
Body temperature
I 3 2% <
¥w’ﬁ‘§gfﬁ(mb) 471.6 + 123.8 410.8 = 77.4 535.7 + 130.6™ 7.4 3.3
L% ( BPM
L?fm ) 139.4 = 36.3 155.0 +29.6 122.4 +32.1* 7.8 5.5
R R BE (mV
‘M?ﬁ(m ) 1.747 +0.622 1.765 + 0.558 1.729 + 0.659 4.9 4.4
i i pE
Pm“;i(mv) 0.139 = 0.048 0.144 + 0.037 0.136 + 0.057 3.8 11.5
T\‘ E8ig V
’Fim“j‘r’;‘;\(m ) 0.167 = 0.068 0.181 = 0.046 0.157 +0.071 8.6 14.4
ST fi#% (mV
Mjfém ) ~0.054 = 0.068 -0.062 = 0.067 ~0.047 = 0.066 19.5 29.3
RS 2 (ms
QRS 2 (ms) 45.2 £ 3.5 45.0 +3.3 45.4 + 3.4 1.8 1.7
QRS
PR [i]} s
1451 (ms) 83.7 + 10.3 80.4 + 8.4 87.4 £9.9* 3.6 2.3
PR-I
T ] "
© '3;?]('“5) 243.9 +28.3 224.8 +21.6 263.9 + 17.9* 4.6 2.3
BB QUEBICms) - 350 o 4 01,3 352.3 % 18.0 366.7 +23.1% 1.0 L0
QTch
WO (mmHe) 137.7 +20.4 144.6 + 20.1 131.6 + 18.9* 5.0 2.0
SYS
¢ (mmH
AF3HIE (mmHg) 94.5 £ 13.0 99.8 + 12.0 89.9 £ 12.5™ 4.7 2.2
DIA
A (mmklg) 115.5 = 15.9 121.5 = 15.1 110.2 = 14.9* 4.8 2.1
MAP

W 5AHBK,"P<0.05,"P<0.01,

Note. Compared with daytime, * P < 0.05, " P < 0.01.

85T %% 24 h B

MRPEFR 1 ~4 LA R RGO (HR) (RIS
) (RR-1) T W MR B (T-A) (PR [ J] (PR-T) |
QT [A1 (QT-1) X IE QT [A] 4] ( QTcb ) 4.0 Hy 45 b
fArEERES HERHFRENE(P <0.058 P <
0.01) ,R P WE B (R-A) P P08 & (P-A) (ST i #%
(STE) .QRS Bf ## (QRS) .0 RS bR T 1Y B 1K 22 5+
TREME(P> 0.05), Z5A BEERSTLLH
febrrh HR FUEBME N B 4081 (155.0 £29.6) 1K,
Mok R4y B (122.4 £32.1) W RR-1I (1B K

2.2

(410.8 £77.4) ms, B K (535.7 £130.6) ms;
T-AFH/E 4 (0.181 £0.046) mV, B N (0.157
0.071) mV;PR-I F1/5 4 (80.4 +8.4) ms, BN
(87.4+9.9) ms;QT-1 H/= R (224.8 £21.6) ms,
MM (263.9 £17.9) ms; QTcb /B 4 (352.3
18.0) ms, BB N (366.7 £23.1) ms, HTIHE 24 h
O HLFE AR, WE(E B A BAE B 9.00 A
RR-I HR, QRS PR-I R-A  QT-I I QTch %5 4& b5,
P-ARUEH IR AE 1,00, T-A F1 STE 0 {8 43 51 1 30
7£17:00F1 1:00, RR-I HR.T-A PR-I.QT-I,QTCb
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FREKRESA DEEN LR, YR I 17.00
~ 19 : 008 [H] Bt A7 5 FoE HLR BB K 28 4k, ECG
BAEPRT P-A T-A RIS 5 R5L > 10% ,STE &
AR ST 280 > 10% , HAT8hrE < 10%
2.3 EA%E 24 h ShASMES T

MR 3 324 vl E Ak AU 4 TR (SYS) (&F
K5 (DIA) CERIS) KR (MAP) FUESE W] 2 & T
(P < 0.01), Hrp SYS ¥IEHE N (144.6 =
20.1) mmHg &Mk (131.6 +£18.9) mmHg, DIA ¥
K (99.8 +12.0) mmHg, % B 4 (89.9 +
12.5) mmHg, MAP ¥ {H 15 K (121.5 £ 15.1)
mmHg & #E4 (110.2 + 14.9) mmHg, HAY SYS,
DIA MAP fU(E I BAE 4 9.:00, H 17 .00 Ak
IR FE BRI T T %, 219,00 #TFFa, =AML
JEFRPRI B S 5 2404 < 10%

3 iTit

LA PPN A 58 4 T i R sh ) iR
T e A . ASHLRG 250 AR I Bt — M 3 ~
5% ARE PR o RSB R — Rl
3 ~5 ke B8R 3 ~7 ke,

IR GEAE A F WA A F AR A H
2 I Hah Py R D A5 22, — HURE A R I3 A
AL Ry 13 11 2455 5% 50y 47 s e S 2 3 A
KA, B LA TR X BT R R 2R R &
1), BT AT AR G BRI G40 8 e 2
FERA SRR AR T A — 38, R W iR
i —BRATF ARG 0 R T E & A, T AEH
XA [RZ R R 53 )36 DA R J5 3 LR JZ 18
8 FLELL e LSRG B RR)Z B N T S 4%
B BEAHI—RPUAE R IE BRI AR, AR
Je B HATAR 5 KSR, B3 A B4, %
A B TT R IR B e g 1 Rk e S R
T

TESCHHT I, VR B ARAN T 1 B SR Be 0, 78
fdt P A AN 4 ~F DAY A A (00 v s PAD T TR AT
ETFHEREITANESAENM) BT, A
TS LR AT A & B 78R S5 Ik 52 101 1] B
WERLAJEN IF Wb 2 MR B L Z 5 1E# FoBA
BT PRSI [ B R AR A 2 T AR
AT REFE Al ) (0 67 B, A3l B 1 4 X0 S 0 TR it 1) 4 252
2738

SERAE R I N DT B 8 v i IR B

(B2 9.00) , B AZP B AT iEH RE IRk 4§
WA B ik 3 W) AT A, X T A Y BT | I
JE O R IR A 3 — 7 0 L e ), 6 H A S 56
AN BGUEFETE N BkER P47, FF 5000 N R 45 R B)
YD NIERAE BT ), e S AR TR T ok, A SE 50
S5 WL/ 1000 B E) BEAY & A8 AR B AR 2 I
2 8.00 HYKF, H T4 14,00 i Ja) B sz A 61 pF
756 R H RS IRKOKERAE R, 6 19 N 38 g
AFHZR 900 B[R] BOIBFEIEN  BEAS LR L %2
AT |0 O AL S5 R A 1 AR Ak
WA WARFEFE P, EHINHR 9,00 B[] B 3
B I P Ak E R B S A SRR R A M 2 A S
AREBZENE 12 h 2o Ay, DU R LU Bk, M 28 0k — B i
R IR, O T 7 TAE 5L 300 el 2 i
B T LA 45 5 Ay S 800, 10 R 1400 B
(] B A AR, A ) 1 R A b AR B, I 3K
JEAEIN

SRS ZE AR F WY, 0 0 A BRIE bR A AE I B
W ZESE FOE A 4 B0l U PRI R IR T
Pk CEBIIKE 0 T IR ARIR Y S R
(8:00 ~16:00) ] & &= T i (20:00 ~4:00) , PR
3 P A ] QT [BIHA A IE QT () 41 WUl A 1z
IR R AR TR e, T R OB B P iR
& ST % QRS B 2 3 PU A4S F5 A5 W A (7w A 1 25
5o M RSz gh Fn] DU B, PRI Il AR Y
B AT — SRR G, (L o ) B[] 3
preb RR [E30) (PR [E3S) QT [E]38) K 1E QT 13125 Y
TA B 22 5,11 QRS B F I Jo s % 25 57, L 4
P A T I MR B s A B 25 5, ROUEIREE | P %I
B ST R NIER BBk 225, AR iA
HIARSEZE(CV) , Lh= 10% RFL INRHTES T 5
N AR TE S 2 3 S, o s Rk B iR Y =
10% WA A PPl S STE = 34845, 5 P
PR T PR T IR CV = 10% , AR IR
W CV #) < 10% , Hd4ESC I 25 5, DU 9 P 1
JE U IR A AR S R AR AR BT, BT DAAE S
BG4 780075 FE I PR R, 78 45 24 R ZR B[]
BN e ORI SRR 25 B 1T, 1) 1 265 25 T L5 fsf
[0, I HLAE S 45 25 1Y, oy 8 55 56 s (1] 22 HE 7E
7:00 ~16:00 P, A& PR TAE A G690 384 52 v
AR BN, I E 53 I 28 o7 380 R I 4 s RITER [), Ie B
[i) 5 11 S 9 5 A e 0 0 B o A 5 3 T A R
FEXT AR I 4 AR AT e 1T 43 BT ik, 7 2545 oAt
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PRI 2R I W7 52 1 0T W R 8 s 1140 52 T T AS 2 7 L
SIS E R RS R BT AW, ST 5 22, E N
FHICANE I R et A7 4 4 2 B AF W FE T, 1 S 7E IE
BV el BAS 1| D I S DO DR L VA B
R BRI 1 L (baseline ) B , X5 W 1F 5K
SCEERVERYHE 5, TEIC K B W) baseline ¥ 14 R 2
ZHEEIE MR 2= (AT AN TR e
AL E AT IR [ | 45 25 5 Sz Ik sh )
A7 B SE I AL A 1 S5 4K

AR SN B 18 0 42 A WL € 380 170 Y A I
M O H AR S AR R AR A B XA BB
BT ARASAL, WEIE I O H MR SE S B R 1
e TR, A T e T A ) A B R I e &
YN HE ] A AR YUHOIR 8 S X TAE A L R B E
FIE B N G e LA SR AN R AR 8 T R
A LIS R G R ST T TGO F Il PRI
PRI A HEA T 1 S I | R LS b S WL TEL T 4 24 h I
R A PR BR A AL MR, A TE T A A 2 B P

g R R SRS R N A A R DA,
A BT IR 252 a2 2 PR T ST BRI D B )
AR, 75 3R M
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