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Diurnal Changes in Rectal and Body Surface Temperatures
of Conscious, Chair-Restrained Rhesus Macaques

C. 7. Liu, PhD; R. P. Sanders; V. W. Robbins, DVM

SUMMARY the same experimental conditions. ture measurements was 3.5 to 5.0

A system has been established for When macaques were subjected to hours. The highest temperature was
continuous recording of rectal and constant light, high rectal tempera- recorded in early afternoon and the

tures were recorded between 0900 and lowest at 2200 hours. The diurnal tem-
body surface temperatures in con- 1700 hours and low rectal tempera- perature variation ranged from 0.72 to
scious, chair-restrained rhesus ma- 1.66 C. Diurnal changes in colonic

caques. Diurnal changes in rectal tem- 0 urs w ith a mean arian temperature of restrained squirrel
perature and body surface tempera- 0300 hours with a mean variation of monkeys were determined with a
tures of head, back, abdomen, and 0.7 C (36.3 ± 0.15 to 37.0 ± 0.2). Diur- thermistor.' Squirrel monkeys dis-
inner thigh were recorded for 24 hours nal body surface temperature changes played a prominent circadian rhythm

under conditions of intermittent or during constant light were less pro- in colonic temperature, when exposed
nrconan dlit. n figtsere on nounced than those of rectal temper- each 24 hours to an equal distributionconstant light. When lights were on o ih-akcce.Clnctmea

for 8 hours (0800 to 1600 hours) and atures. Furthermore, low surface tem- of light-dark cycles. Colonic tempera-
off for 16 hours, maximal rectal tern- peratures of abdomen and inner thigh ture was also maintained during 6

off or 6 hurs maima retaltem recrde bewee 020 ad 0W hurs hours of mild cold exposure (20 C) at
peratures (37.6 ± 0.3 C) were observed recorded between 0200 and 0800 hours all circadian phases. However, in con-

at 0900 hours, whereas minimal rectal were similar to those obtained with stant light, the squirrel monkey's abil-

temperatures (36.7 ± 0.4 C) were dem- ity to regulate colonic temperature

onstrated between 0200 and 0400 conditon. against similar cold exposure was im-

hours. Mean rectal temperatures var- paired.

ied 0.9 C' during a 24-hour period. A In a classic work, Galbraith and

trend of diurnal body sur- Simpson :' measured the axillary tem-
achanges in perature with clinical thermometers

face temperatures was also observed In a review of the literature, few for recording diurnal changes in mon-

with low surface temperatures re- studies reported normal values of rec- keys (species unspecified). When
corded between 0400 and 0800 hours. tal and body surface temperatures in monkeys were kept continuously in
The surface temperatures (33.8 to 36.5 rhesus macaques. Comprehensive in- the light, there was no regular diurnal

C) were markedly lower than rectal formation on diurnal rectal and body wave. The regular diurnal wave was

temperatures (36.7 to 37.6 C) under surface temperature changes in the observed only when monkeys were
Received fur publication Sept 2. 1 nonhuman primate was also lacking. kept in 12 hours of darkness and 12

From the US Army Medical RAearch Institute Erikson' reported diurnal vaginal hours of constant light. The effect of
of Infectiou Dis)eases. Fort l)etrick. Frederick. MD temperatures for 12 hours in 9 unre- light onIit~nal changes in deep body

A portion of this work waa presented at the strained rhesus macaques kept in a temperature was also demonstrated in
- Federation of American Societies for Experimental room with constant light for 8 hours caged capuchin monkeys (Webus sp).4
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a- lished as an abstract (Fed Proc :19: 989, 1q980).
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influenced by both the lighting and
the feeding schedules. Furthermore, TOP VIE W
Rohles et al' measured the mean body
surface temperature at the groin and
calf of a chimpanzee, but no detailed
procedures were given. Maximal sur-
face temperatures were recorded be- THERMOCOUPLE WIRE
tween 1600 and 2400 hours, indicating
a possible diurnal surface temperature
variation.

Since the rhesus macaque is com- IBRASS DISK
monly used as a primate model for the
study of human fever,7 toxemia,' 4 and
infectious diseases, .. simple tech-
niques for measuring rectal and body I I I I I
surface temperatures are essential for
performing these experiments. The I I I I I I
purposes of the present study were (1) ..- 2 C -- -
to develop a noninvasive system for
obtaining long-term (> 48 hours) con- I I I I I I
tinuous recordings of rectal and body I I
surface temperatures of restrained
macaques and (2) to establish base- -
line diurnal rectal and body surface
temperature values of conscious,
chair-restrained macaques. (D SIDE VIEW

Materials and Methods Fig 1 -Preparation of the body surface electrode.

Experimental Design-Eleven appar-
ently healthy rhesus macaques weighing
4.2 to 10.1 kg were allocated into 2 groups.
Group I (n = 5) was subjected to 8 hours' rough edges of the plastic were filed mometer.' The output signals were fed
light (0800 to 1600 hours), followed by 16 smooth. Four or more holes were drilled into a minicomputer' via a universal (DCI
hours' darkness in a 24-hour period. Group around the periphery of the disk to facili- preamplifier of a recorder' (Fig 2 I. A com-
1I (n = 6) was exposed to constant light. tate suturing. The other end of the wire puter program (Fig 3) for printing out
All macaques were chair-restrained in an was attached to the termin'ls r" a plug rectal temperatures from signals of the
isolation room,' with constant tempera- assemblyd which linked the electrode to a recorder was incorporated into the record-
ture (23 ± 1 C) and relative humidity (20 potentiometer.' The potentiometer was ing system. The calibration procedures
± 17) and fed with monkey chow" at 0900 calibrated with the electrode immersed in were identical, as described for thermo-
and 1600 hours. Water was provided ad a constant temperature waterbath.' couple electrodes. All temperatures were
libitum. Temperature recordings were recorded continuously for 48 hours. Data
started approximately 24 hours after Measurements of Rectal and Body from a complete 24-hour cycle (2400 to
chair-restrained procedure. Surface Temperature-Approximately 24 2400 hours) were analyzed to obtain mean

hours before temperature recordings, the values and SEM.
Preparation of Thermocouple Elec- macaques were sedated with ketamine (10

trodes-Fabrication of thermocouple elec- mg/kg). Four thermocouple electrodes
trodes for continuous measurements of were sutured to the occipital region of the Results
body surface temperatures consisted of head, lower abdomen, back (thoracic re-
stripping 1 cm of insulation from the ends gion), and inner thigh, respectively. Skin Rectal Temperature-Diurnal
of a 3.0 to 3.6 m length of thermocouple temperatures from the 4 different sites of changes in rectal temperature were
wire." The exposed strands were twisted the conscious, chair-restrained macaques observed in the conscious, cj,air-re-
together and soldered to a 2-cm diameter were recorded continuously on a poten- strained rhesus macaques exposed to
brass disk 0.13 mm thick. The soldered tiometer." The rectal temperature was constant light for 24 hours or with 8
junction was strengthened by embedding measured with a stainless steel rectal hours' light exposure (0800 to 1600
the disk and an adjacent 5 to 10 mm of probe,' lubricated with sterile jelly, and hours) (Fig 4). With lights on for 8
wire in plastic cement.' This was done by inserted 3 to 4 cm into the rectum. The hours and off for 16 hours (complete
forming a mold around the disk and wire rectal probe, secured to the tail with ad- darkness), maximal rectal tempera-
with modeling clay. Plastic powder and hesive tape, was connected to a telether- tures (37.6 ± 0.3 C) were recorded at
liquid were mixed and poured into the "Model 7:11:1, Honeywell Industrial )ivision, Fort 0900 hours and decreased thereafter.
mold to form a 2 to 3 mm layer over the Washington, Pa. Minimal rectal temperatures (36.7 ±
brass disk (Fig 1). After hardening, the 'Electronik 111/112, Honeywell Industrial 0eivie
disk was removed from the mold and the xion. Fort Washington, Fla. 0.4 0 were demonstrated between

Polyscience waterhath (Model .14-621. Ameri- 0200 to 0400 hours. Mean rectal tem-
|lalston Purina Co, St Louis, Mo. (an Instrument Co. Silver Springs. Md.
28 AW(;. 2-conductor. Revere Corp. Walling- ' Rectal prohes (Model 403, Yellow Springs In- Minicomputer-Digital pdp II/34. Dligital

ford, Conn. strument Co, Yellow Springs, Ohio. Equipment Corp, Maynard, Maw.
Cranioplastic Cement, Plastic Products Co, 'Telethermometer (Model 44TA). Yellow Rec-order-Model Mark 20Mt, Brush Instruments

Roanoke. Va. Springs Instrument Co. Yellow Springs, Ohio. Division, Cleveland, Ohio.
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K HEAD ROOM TEMPERATURE = 23 ± 1 C
HEAD RELATIVE HUMIDITY = 20 ± 1%
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Fig 2-Schema for recording rectal and body surface temperatures in conscious chair-restrained rhesus macaques.

peratures varied 0.9 C during a 24- Table I summarizes the results of caques "' " fall within these limits.
hour period. When macaques were maximal and minimal temperature "Body" temperatures in primates
subjected to constant light, high rectal changes of rectal and individual sur- have been determined from different
temperatures were recorded between face temperature changes of rhesus sites including back muscle (longissi-
0900 and 1700 hours and decreased macaques within 24 hours. The time mus dorsi), "' 

'
' vagina,' axilla,': and

thereafter. Low rectal temperatures or duration for recording maximal and esophagus" ' (under anesthesia). Base-
were observed between 2400 and 0300 minimal temperatures are also indi- line rectal temperatures obtained
hours. The diurnal rectal tempera- cated. Constant light impaired diurnal from the present study ranged from
tures varied from 36.3 ± 0.15 C to 37.0 changes of rectal and surface temper- 36 to 37 C under constant light. These
± 0.2 C; a change of 0.7 C. atures in general, especially for the rectal temperature values are similar

surface of the head and back. to human body temperature (37 C),
Body Surface Temperature-Un- I -r than those of reported val-

der conditions of 8 hours' light and 16 Discussion u, ied from back muscles for
hours' darkness, a trend of diurnal rhles.u tcaques." "' The difference
changes in surface temperatures was Diurnal temperature change is a in normai body temperature of the
observed on the head, back, abdomen, normal phenomenon of biological same primate species may be due to
and inner thigh (Fig 5). In general, low variation during a nearly 24-hour pe- different techniques used. For exam-
surface temperatures were recorded riod. Physiologic and biochemical as- pie, when body temperature is mea-
between 0400 and 0800 hours, and pects of circadian rhythm and neural sured from the back muscle with ther.
high surface temperatures, between mechanisms for the regulation of mocouple wires as demonstrated by
1000 to 1500 hours. The surface tem- these periodic changes have been re- others, " " the traumatized or injured
peratures (33.8 to 36.4 C) were mark- viewed by Menaker," Aschoff and muscle may produce local vasodila-
edly lower than rectal temperatures Weber," and Rusak and Zucker.' Ef- tion" and increase the temperature.
(36.7 to 37.6 C) under the same exper- fects of food and light on modification Furthermore, emotional stress result-
imental conditions. With lights on at of circadian rhythm were reported by iig from human handling of the con-
all times, diurnal surface temperature lampietro et a'" and Fuller et al.' scious macaque by inserting a probe
changes became difficult to identify Elizondo 7 indicated that the "nor- or clinical thermometer into the rec-
except at the sites of the abdomen and mal" core body temperature of many turn may also increase the rectal tern-
the inner thigh. Low surface temper- mammalian species ranged from 36 to perature. However, in the present
atures were recorded between 0200 39 C. The reported values of "body" study, we attempted to eliminate
and 0800 hours. temperature of normal rhesus ma- these disturbing factors, so that more
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li r~ TI:OMPFN T MP4) 111 (,1 -TI. 2 eilltMk

K* CN T - 0 1 EFCN r WTI.. L TF1l NIIMF. (11 1. THROUGH
TYFI. *1, 'TS~ SAMPLE TImE TCO FF MEAS(IIk to [N S;ECOlNDS OR MINI~ ';PM
ACCEPT 4'5. AI, PHA

4!, FORMAT(AI)
f F (AI PHA.E. F QM' 6 FI) T 55
TYF+ *,' FNTfIR CHANNEL * ANDi SE CONDS B4ETWFEN SAMFI. FS'
ACCEPT 40,TCHAN,.TIME

40 FORMAT( 2ft)
IPRSFT-- 1.0*fTIMF
CALL. C.OCKA(5.IFHkSFT) 'CL.CII RATE SET AT 100 HZ
GO TO) 35
TYPE *, ENTER CHANNEL # ANTD MINUTES BETWEEN SAMPLES'
ACCEPT 41.ICHANPTTIME

41 FORMAT( 215)
CALL CLOCKBE4i-.100,2tINE)
IF(INti.Et).1) GOl TI) 44
TYPE *v' ERROR IN LOADING CLOCKR'

44 CONTINUE
IFPRSFT.:-60*].TIMF
CALL. CI.OCKA(0, LPNSPT)

35 TYPE *9 ' ENTER NU)MBER OF SAMPI ES TO BFE TAI\FN'
TYPE *r '11 OF SAMPLES MUST Ed* A MULTIIPI IF OF 4 OR I I WTI. L BE TRUNCATED'
AC(FPT 5iO, SAMPI. I FOR PENTMUliTtPFi F 4

50 FORMAT(I5)
CAIl. CL-RrF(30)
CALL SFT [.HF ILIF,, v PBLF( 1) tEIJF( 1,2)
CALL. RL SLUF (ILIJFv .0,I1)
CALL ADiSWP( IBLIF ,4vOA4v 1.30y0w iCHANP 1)

75 CAL.L DATE ( lT)
CALLI TIMF(Tim)
TYFF 12

12 FORMAT(lH,/.' tATE'v9X.'TlME')
TYPE 10.1IT, TIM

1O FORMAT(1H.3A4.4X.2A4)
TfPLIFNO:=TwTriIIF( T~iuEY
IF ( IEO.IFNO. 1. 1 1 ) GO if 1099 S TOll FROG4:7RAM

I FORMAT(1H929X, 'TF-M!ERATLIF
C D****** FCISTON ROil)[I I TOi NTL :MIJF 1M11I-AIt OII0- VAL LIIF$ ******

rO 300 1 -1-4
rF(F4IIF( [,IEIIIFN40, .1 F .ADNIIM( I (A~ 0I'.0

2100 CONrTNUF
c: OVERFLOW

rFMP ( T1 -940.
GO TO 50o)

2: 0 TFMIF ') A T IMi
60I TO SOO)

C IINtIFRI 9W
50 tFMI*( I) o.

500 WRITFi7-lOOdII'F~ I t*o oo)l Idi TMI I
too FORMAr< 1H. t ix.I$ 10I.
300 II1NTINIII

NFOIuF TIOIFNO I

CAl I 1.1 '41111'- i. TFIIF * NFIIIF I
IF( [NT [fb I NT+I

I~I!PC.~'.I~A~l,I) (;Ii TO 99 STOP

99 (At I STF'-WF'( TF4IF 6Ci

2 A.' .'A45 At;'A A9."AP13 P vii.1 73,'",O 7Hl 4 $'

F ND'

Fig 3-Computer program for recording rectal temperatures.
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_/ ___.. .... .. . associated with cutaneous vasocon-
RECTAL TEMPERATURE striction and vasodilation for body

I[ temperature regulation under various
SARK----ARK environmental light conditions, this

38- I I may explain why diurnal skin changes
were less pronounced than changes of
rectal temperatures.

Baker et al" demonstrated varia-
3- T"rbility of body surface temperatures at
37. different sites of conscious pigtail ma-

caques (Macaca nemestrina). Differ-
ent base-line values for tail, foot, and
mean surface temperatures were also

36 observed in the squirrel monkey (Sai-
n =5 miri sciureus) by Adair and Adams."3

3 Although surface temperatures of the
inner thigh2' " and ear of rhesus ma-

CONSTANT LIGHT caques have been reported, base-line
8 Cthigh surface temperatures (37.2 to

37.9 C) are markedly higher than
those values obtained from the same

3]site in the present study (36.4 ± 0.3 C
37 rat 0900 hours). This discrepancy

might be due to different techniques
in measuring surface temperature and
different experimental conditions.

36- nHigher thigh surface temperatures re-
n6 corded by other investigators might

t_.._ _be the result of surgical operation, in
which a durable thermode implant

24 2 4 6 8 10 12 14 16 18 20 22 24 was placed in the hypothalamus.25

TIME (HR) Furthermore, the complicated exper-
imental design and restraint of the

Fig 4-Diurnal changes in rectal temperatures of conscious, chair-restrained rhesus macaques. macaque may also provide additional
stress to alter surface temperature.

The selection of a rigid stainless
TABLE 1-Summary of Results steel rectal probe was based on the

Diurnal rectal anti bod surface lime of maximal and minimal evidence that chair-restrained ma-
changes temperature changes caques were not able to push the

tm e(houofday probe out of the anus as easily as a

Maximal flexible, soft probe. However, the
temper- main disadvantage for using the rigid

ature rectal probe was the possibility ofchange
Maximal Minimal during damaging the rectum when the ma-

Location temperature temperature 24 hours Maximum Minimum caque was too active or could not be
HOU-s' LIGHT + 16 HOUiUS' DARKNESS In = 5) easily adapted to chairing. Under this

lectal :17.6 ± 0.3 36.7 ± 0.4 0.9 0900l 02W-04(t circumstance, the use of a soft rectal
Rodv surface

fead :6.2 ± 0.6 :15.i ± o.:j 1.1 probe is recommended, providing that
Abdomen :W.9 ± 1.0 33.8 ± o.8 1.1 1W-l1W 04(X(-08(M the segment of the probe wire outsideBack 35.8 ± 0,.7 34.3 ± o).6 1.5

Inner thigh :16.4 ± 0: :35.1 ± 0.5 I: of the anus is supported by a rigid rod
24 Hots' CONSTANT Lt(.tT In = 6 and fixed frm-ly to the macaque's tail
Rectal :17.t0 ± 0.2 36.3 ± 0.2 0.7 09M10-17(01 24W0-{!30) with adhesive tape. The temperature
Rodv surface recording system described here not/HIlad :15A1 ± tt8 4.5 ± (0.8 014Abe :1,.8 ± , :14.. ± ,!.8 III only provides less stress on the ani-

3ek :15.9 ± 0.7 34.8 ± o.8 1.1 evident' 020(-t mal, but also operates simply and au-
Inner thigh 36.A t QM :(.(.0 ± o..1 IA.: tomatically for data processing. Be-

Only or abd,,minal and inner thigh surface temperatures. cause rhesus macaques reveal certain
diurnal changes of rectal and body
surface temperatures, the timing for

closely realistic values of rectal tem- riod. Surface temperatures were lower daily measurements of temperatures
peratures were obtained. Diurnal than the rectal temperature but the should be consistent to avoid errors.
changes of rectal and body surface timing for reaching maximal and min- Under normal circumstances, the
temperatures in conscious chair-re- imal values was different between sur- diurnal temperature variation of a
strained rhesus macaques varied ap- face and rectal temperatures. Since rhesus macaque may be approxi-
proximately I C during a 24-hour pe- surface temperature changes might be mately I C.
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* . Fig 5-Diurnal changes in body surface (head, inner thigh, abdomen, and back) temperatures of conscious chair-restrained rhesus macaques.
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