
ABSTRACT 
Real-time radiotelemetric monitoring was incorporated into a pilot study of the pharmacokinetics and efficacy of the antimicrobial ciprofloxacin (CIP) in acutely irradiated Rhesus macaques (Macaca 
mulatta).  This was done to improve animal care and welfare by allowing close monitoring of physiological and behavioral parameters expected to be altered by potential pain, distress, infection, or 
morbidity resulting from radiation, CIP treatments, or the combination.  Integrated Telemetry Systems (ITS), Inc., frequency-modulated (FM) T-30 radiotelemetric units were surgically implanted 
intramuscularly into 24 primates (ages: 5-14 yrs; weights: 8.3 -13.1 kg).  These implants along with the rest of the telemetry system facilitated real-time monitoring of three physiological signals: 1) a two-
lead electrocardiogram (ECG), 2) intrathoracic pressure (ITP), and 3) core body temperature (BT).  A separate branch of the system facilitated monitoring of physical activity by utilizing Doppler-
microwave transmitter/receivers placed above each cage.  The primates were randomized into three treatment groups of eight animals to receive CIP BID orally as follows: 1) placebo control, 2) 15 mg/
kg, and 3) 30 mg/kg.  Each group of eight animals was treated in three phases: Phase 1, baseline studies; Phase 2, short-course CIP for three consecutive days (6 doses); and Phase 3, long-course CIP 
for 21 consecutive days commencing 4 days after irradiation.  All animals were given 6.5 Gy 60Co γ-photon radiation at a rate of 0.4 Gy/min.  Telemetric monitoring commenced a minimum of two days 
before the start of Phase 2 for collection of baseline telemetry data and continued for 5 days through the end of the Phase 2 study.  Continuous telemetric recording was also conducted throughout the 
25-day Phase 3 study.  Additionally, telemetric monitoring and recording was conducted for each animal during a ~15 min sham-irradiation and the ~15 min γ-photon irradiation period.  Analysis of the 
three physiological signals during sham and γ-photon irradiation indicated no significant differences in respiratory rate, heart rate, or BT between sham irradiation and γ-photon irradiation.  A slight 
increase in heart rate and BT were observed during sham irradiation, which may be attributable to recovery from light sedation with Ketamine.  Lack of a significant change in these key physiological 
parameters suggests that non-human primates do not experience pain or distress during irradiation with γ-photons up to (6.5 Gy) and this dose-rate (0.4 Gy/min). Furthermore, the use of real-time 
telemetry detected incipient fevers (temp: 103.0 – 105.6 oF) in 14/15 primates on non-procedure days which allowed for immediate therapeutic intervention and resulted in less morbidity and no mortality. 
 
 

INTRODUCTION 
To our knowledge, this is the first report of physiological monitoring of non-human primates during gamma-photon irradiation.  This was undertaken to improve animal care and welfare by closely monitor-
ing in real-time, physiological parameters expected to be altered by potential pain or distress during radiation. The approach was to use for the first time during irradiation, a radiotelemetric implant that 
could remotely transmit physiological data to a remote work station outside the irradiation field. 

MATERIAL AND METHODS 
Animals:  24 male Macaca mulatta weighing 8.3-13.1 kg and 5-14 years of age were obtained from the Department of Defense non-naïve issue pool, six from AFRRI and 18 from the WRAIR.  All NHPs were previously used in Helicobacter  pylori, malaria and/or dengue vaccine 

protocols (March 1998-April 2004). Ten animals were originally from China and 14 animals were originally from India.  The experimental protocol was approved by the AFRRI IACUC and second-tier review by the Department of Defense. The AFRRI is fully accredited by the Associa-
tion for the Assessment and Accreditation of Laboratory Animal Care, International (AAALAC, International).        
 
 Experimental Design:  Eight animals each were assigned to three different treatment groups.  The groups were (a) control placebo-treated, (b) 15 mg/kg CIP PO BID and (c) 30 mg/kg PO BID. In addition, each treatment group underwent three phases of the work. The phases 
were: (1) baseline  (no CIP, no radiation); (2) CIP PO BID or placebo PO BID x 3 days (short course treatment), no radiation; and (3) 6.5 Gy + CIP or placebo PO BID x 21 days commencing 4 days after irradiation (long course therapy).  A minimum of 30 days “wash out” period was 
provided between phases 2 (no irradiation) and 3 (6.5 Gy).  
 

Radiation:  All NHPs were given 6.5 Gy 60Co γ-radiation at 0.4Gy/min measured at the mid-point of the abdomen.  Dosimetry was determined using Plexiglas™ cylinders matched to the body mass of the NHPs.  Radiation dose and dose rate were measured using an alanine pellet 
system which was calibrated to standards from the National Institutes of Standards and Technology (NIST) and the National Physics Laboratory (NPL) of the United Kingdom.  NHPs were also first exposed to a sham irradiation for the same length of time 15 min as the actual irradia-
tion. 
 
 Telemetric Implants:  Integrated Telemetric Implants (ITS), Inc., Model T-30 were gas sterilized and surgically placed into the NHPs in a lateral abdominal muscle pouch at least 30 days prior to studies.  These FM radio frequency transmitting implants were used to continuously 
monitor ECG (2-lead), intrathoracic pressure (ITP), and body temperature (BT).  The implants could be turned on and off externally to conserve power. Testing at AFRRI demonstrated that these implants could withstand the dose of gamma photon radiation used on the NHPs. 
 
 Microwave Activity System:  An ITS Doppler-microwave based activity system was used to continuously monitor the activity of the NHPs throughout the study. 

DISCUSSION  
 Analysis of the three physiological signals during sham and γ-photon irradia-
tion indicated no significant differences in respiratory rate, heart rate, or body 
temperature between sham irradiation and γ-photon irradiation.  A slight in-
crease in heart rate and BT were observed during sham irradiation, which may 
be attributable to recovery from light sedation with ketamine.  Lack of a signifi-
cant change in these key physiological parameters suggests that non-human 
primates do not experience pain or distress during irradiation with γ-photons up 
to (6.5 Gy) and this dose-rate (0.4 Gy/min). Furthermore, real-time telemetry 
detected incipient fevers (temp: 103.0 – 105.6 oF) in 14 of 15 primates on non-
procedure days resulting in reduced morbidity and no mortality because it facili-
tated immediate therapeutic intervention.  
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Fig 2. Shown is the telemetric monitoring system capable of monitor-
ing 4 animals per work station.  Frequency modulated radio signals 
were received by single-pole antennae within each primate cage.  
The signal was carried by coaxial cable to the control room and into 
a receiver/tuner where it was demodulated at the ITS base station.  
The signal was then converted to a digital signal, captured and re-
corded on the workstation hard drive where it was processed by CA 
Recorder and VR2 software. Real-time monitoring at remote work 
stations was conducted. 

Fig 3.  Shown is the Doppler microwave activity monitoring system 
capable of monitoring 4 animals per work station.  Microwave trans-
mitter/receivers above each primate cage were used to detect move-
ment within the cage.  The signal was carried by coaxial cable to the 
control room and into a receiver/tuner where it was demodulated at 
the Doppler demodulation unit.  The signal was then converted to a 
digital signal, captured and recorded on the workstation hard drive 
where it was processed by CA Recorder and VR2 software. Real-
time monitoring at remote work stations was conducted. 

Fig 4. A-C  A. The mean (+/- SEM) respiratory rate of 11 NHPs is shown during a 15 min sham period and during a 15 min irradiation period.  B. The mean (+/- SEM) heart rate of 9 NHPs is shown during a 15 min sham period and during a 15 min irradiation period. C. The 
mean (+/- SEM) temperature of 24 NHPs is shown during a 15 min sham period and during a 15 min irradiation period. At the time of irradiation, dosing with CIP had not begun and thus all animals were grouped.  At the time of irradiation, some NHP’s implants had stopped 

RESULTS 
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Clinical Observations:  Fever > 103 oF was detected in 15 of 24 irradiated NHPs.  Of these 15, 14 were detected by real-time telemetry on days when scheduled procedures were not performed. 

Fig 1.  A T-30 radiotelemetric implant (A) is shown with appropriately 
placed leads (C), transducers (D) and antennae (B,E) in this NHP radio-
graph.  The implant is placed in a pouch in the lateral abdominal muscu-
lature.  Note the circular antenna (B) used to externally turn on and off the 
implant to conserve battery life. 
. 


