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Impact of an Implanted Intra-Abdominal 
Telemetry Transmitter on Fecal Excretion of 

Corticosterone and IgA in Adult Male F344 and 
BN Rats (Rattus norvegicus)

Niina Kemppinen, MS, PhD,1 Anna Meller, DVM,1 Otto Kalliokoski, MS, PhD,2 Jann Hau, MD, PhD,2  
and Timo Nevalainen, DVM, MS, PhD, DipECLAM3,4,*

Telemetry is a widely used method for obtaining physiologic data from rats, but it is uncertain how distressing it is for the 
animals to live with an implanted transmitter for long periods. The present study aimed to assess this impact by analyzing  
2 stress-sensitive biomarkers excreted in feces. Male Brown Norway (BN; n = 12) and Fisher 344 (F344; n = 12) rats were housed for  
8 wk in IVCs and then for 8 wk in open top cages, in groups of 3, with one rat in each group carrying a transmitter. At 2-wk 
intervals, the rats were housed singly for 6 h (0600 to 1200), and voided fecal pellets were collected and frozen. Fecal glucocor-
ticoids and fecal IgA from each rat were quantified and data subsequently analyzed using a repeated-measures mixed-model 
ANOVA. Both rat strain and transmitter carriage were found to significantly influence fecal corticosterone excretion. Over-
all, F344 rats excreted higher amounts of feces as compared with BN rats. In F344 rats with a transmitter the corticosterone 
values were 21% and in BN rats 47% higher than in controls, on average. Neither the rat strain nor an implanted transmitter 
seemed to have an impact on the amounts of fecal IgA excreted, but excretion increased significantly with age. In conclusion, 
in both rat strains, there was an increase in corticosterone excretion attributable to transmitter carriage, indicative of mild to 
moderate stress.

Abbreviations and Acronyms: BN, Brown Norway; F344, Fisher 344; IVC, individually ventilated cage
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Introduction
Telemetric methods enable a variety of biologic recordings 

from freely moving animals without interfering manipulations 
and without the presence of observers. As such, telemetric meth-
ods can be considered both refinement and reduction methods 
in the use of animals. Potential refinements and reductions for 
associated procedures and animal housing have been exten-
sively reviewed in 2003 and 2004 by the BVAAWF/FRAME/
RSPCA/UFAW Joint Working Group on Refinement.1,2 One of 
these working groups encouraged studies in which resulting 
experimental variables can also be used to evaluate the welfare 
of the animals.2 The group stated that it is widely recognized 
that telemetry can reduce stress to animals because it reduces 
or eliminates the requirement for external instrumentation, 
restraint, or tethering.2 While acute stress is thus avoided when 
data are obtained through telemetry, the presence of chronic 
stress cannot be ruled out. Telemetry requires an invasive pro-
cedure in which a telemetric transmitter is implanted into the 
animal. Thereafter, the animal lives with a (potentially bulky) 
sensing and transmitting device within its body, potentially 
compromising its welfare. The recovery phase of transmittter 

implantation has been studied to some extent, but aspects of 
following after the recovery phase have gained little attention. 
Leon et al. (2004) studied the effects of transmitter size relative 
to the animal’s body weight after intra-abdominal placement 
of a free-floating transmitter on body temperature, locomotor 
activity, growth, food and water intake, and diurnal rhythm 
in rats, but did not use postoperative analgesia. In that study, 
body weight did not decrease below starting levels, and food 
intake normalized by 2 d postimplantation. Diurnal tempera-
ture patterns and activity rhythms were detectable within the 
first week.3 Greene et  al. (2007) assessed mean arterial pres-
sure, heart rate, body temperature, food consumption, and 
activity in rats for 2 wk following the abdominal implantation 
procedure and used a single injection of carprofen given the 
morning after sugery as analgesia. All parameters returned to 
presurgery levels by day 9, suggesting that these rats recovered 
from surgery in ∼1 wk.4

Physiologic and psychologic stress are associated with an in-
crease in circulating glucocorticoids. Ultimately, glucocorticoids 
and their metabolites are excreted through urine and feces.5 
Unlike serum sampling, samples of both urine and feces can 
be obtained noninvasively, although changes in glucocorticoid 
concentrations in the circulation become evident only after a 
delay. In rats, ∼20% of the recovered corticosterone metabolites 
appear in urine with an average delay of 10 h, and 80% in feces 
with a delay of 16 h.6–10 In a similar manner to corticosterone in 
the circulation, the metabolites in feces follow a diurnal rhythm; 
in contrast to serum corticosterone, the highest concentrations of 
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fecal corticosterone metabolites appear to be present in samples 
taken during the morning.11,12

Acute stress causes an upregulation of the immune system 
and leads to an increase in IgA.13,14 If stress persists for a longer 
time, it may cause immunosuppression.15 This can be assessed 
by quantifying secretory IgA in saliva or feces.16,17 Fecal samples, 
which can be used for assessing both biomarkers, are easy to 
collect from rat cages without disturbing the animals, enabling 
long-term, longitudinal studies.18

The present study combined data from 2 of our previously 
published studies, focusing on the effects of cage furniture on 
cardiovascular parameters, locomotor activity, fecal corticoster-
one metabolites, and fecal IgA.19,20 The aim of the present study 
was to combine and reanalyze these data to assess long-term 
welfare in rats carrying an abdominally implanted telemetry 
transmitter.

Materials and Methods
Ethical review. The study was done in the Laboratory Animal 

Centre, University of Helsinki, Helsinki, Finland. The protocol 
of the study was reviewed and approved by the Animal Ethics 
Committee of the University of Helsinki. The study complies 
fully with the EU Directive (2010/63/EU) on the protection 
of animals used for scientific purposes and the corresponding 
Finnish legislation.

Animals. A total of 12 Brown Norway (BN/RijHsd) and 12 
Fischer 344 (F344/NHsd) male rats (Harlan, Horst, the Neth-
erlands) were used in this study. The rats were 25 wk old and 
weighed 280 to 370 g (BN) or 350 to 460 g (F344) at the begin-
ning of the study. The rats originated from barriers of a major 
commercial breeder but were housed in a conventional animal 
room. No systematic health monitoring was done, but the rats 
were found to have pinworms.

Animal housing and care. All rats were housed in the same 
room in polysulfone cages (Tecniplast, Buguggiate, Italy,  
3 rats/cage). The cage type used was 1500U Eurostandard type 
IV S (44.5 × 33.5 × 21.0 cm; floor area 1,500 cm2) with a solid 
bottom and with IVC double (first 8 wk) or open lids (follow-
ing 8 wk). The cage floor was covered with 3.0 L of aspen chip 
bedding (size 4 × 4 × 1 mm, ‘4 HP,’ Tapvei Oy, Kaavi, Finland). 
The cages were changed once weekly. The room temperature 
was 21.2 ± 0.3 °C (mean ± SD) and the relative humidity was 
53.5% ± 7.7%. Artificial lighting with fluorescent tubes (light 
color: warm white) was provided from 0600 to 1800, and the 
light intensity in cages 1 m above the floor was 6 to 9 lx. Tap 
water was provided in polycarbonate bottles, changed once a 
week and refilled once in between. Irradiated (25 kGy) pelleted 
feed (2016 Global Rodent Maintenance, Harlan Teklad, Bicester, 
UK) was available to all rats ad libitum, except for the animals 
in the diet board group (see study design below), which were 

provided the food pellets inside holes drilled into a wooden 
board. A more thorough description is available elsewhere.19

Cage furniture and study design.  Animals were housed in 
permanent groups of 3. The experiment used a crossover de-
sign with 2-wk periods where the animals rotated through the 
control condition and housing conditions with 3 furniture items: 
1) cage without furniture (control condition); 2) cage equipped 
with a cross made of two intersected aspen boards (34.0 × 14.7 ×  
3.2 cm; 21.1 × 14.7 × 3.2 cm); 3) the same as condition 2, but 
holes (12 mm) were drilled into the boards that were loaded 
snugly with food pellets; rats had to gnaw wood to extricate 
food, no other food source was made available; and 4) cage 
provided with a rectangular aspen tube (20.0 × 12.0 × 12.0 cm 
[external dimensions]).

The specific item order is shown in Table 1.
Surgical procedure. Four rats of both strains were implanted 

with a radio telemetry transmitter (TA11PA-C40; Data Sciences 
International, St. Paul, MN). Anesthesia was induced with 
a mixture of fentanyl/fluanisone (Hypnorm, Janssen Phar-
maceutica, Beerse, Belgium; 1 part), midazolam (Dormicum, 
Hoffmann–La Roche, Grenzach-Wyhlen, Germany; 1 part), 
and sterile water (2 parts) in a bolus of 0.15 to 0.20 mL/100 g 
SC. The ventral abdominal area was shaved and scrubbed with 
MediScrub, 1% triclosan solution (Medichem International, 
Sevenoaks, UK) and disinfected with chlorhexidine solution 
(Klorhexol 5 mg/mL, Leiras, Turku, Finland). Ocular lubricant 
(Viscotears, Novartis, Copenhagen, Denmark) was applied to 
both eyes. After a small incision along the ventral abdominal 
midline had been made, the transmitter presoaked in sterile 
physiologic saline was placed into the abdominal cavity and 
the catheter was put into the abdominal aorta. The transmitter 
was secured into the abdominal wall with 4-0 Ethicon Ethilon 
II sutures (Johnson & Johnson, St-Stevens-Woluwe, Belgium) 
and the incision was closed with 5-0 Ethicon polyglycolic acid 
suture (Johnson & Johnson). Postoperative pain alleviation was 
provided with 0.01 to 0.05 mg/kg SC buprenorphine (Temgesic; 
Schering-Plough Europe, Brussels, Belgium) twice a day and 
5 mg/kg SC carprofen (Rimadyl; Vericore, Dundee, UK) once 
a day for at least 3 d. Parenteral fluids were given for 3 d. The 
pain medication for each rat was titrated against the individual 
response. The animals were allowed to recover for 10 d before 
recording was started.

Sampling.  At the end of each 2-wk period, the rats were 
housed singly for 6 h (0600 to 1200) and all fecal pellets voided 
from each individual were collected and frozen (−18 °C). All 
samples were analyzed individually.

All 24 rats were weighed at 2-wk intervals starting when they 
were 26 wk old and ending at the age of 40 wk.

Fecal corticosterone and fecal IgA quantification. The extrac-
tion of both corticosterone and IgA was performed as described 

Table 1.  Illustration of the cage item allocation in each of the 2-wk rounds

Cage Round 1 Round 2 Round 3 Round 4 Round 5 Round 6 Round 7 Round 8
1 PB T C DB PB T C DB
2 DB PB T C DB PB T C
3 C DB PB T C DB PB T
4 T C DB PB T C DB PB
5 PB T C DB PB T C DB
6 DB PB T C DB PB T C
7 C DB PB T C DB PB T
8 T C DB PB T C DB PB

Cage furniture codes: PB, plain board; DB, diet board; C, control; T, tunnel.
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by Pihl and Hau.17 The corticosterone ELISA was performed us-
ing a commercial corticosterone kit (DRG Diagnostics, Marburg, 
Germany) according to the manufacturer’s instructions. The 
quantification of IgA was performed similarly to the assay also 
described by Pihl and Hau using reagents obtained from AbD 
Serotec (Kidlington, UK; purified rat IgA standard, PRP01), con-
centrations 0 to 1,000 ng/mL; coating antibody (mouse anti-rat 
IgA H chain, MCA191); and detection antibody (mouse anti-rat 
kappa/lambda L chain: HRP, MCA1296P, diluted 1:1,000).17

Data processing and statistical analysis. The data originated 
from 2 of our published studies.13,20 The number of animals 
undergoing a procedure (transmitter implantation) was 8 and 
number of cage mates with no procedure (only collection of 
feces) was 16. With the crossover design, the theoretical number 
of samples is 24 (rats) × 8 (rounds) = 192. Samples for an IgA 
assay were collected during the last 5 rounds. Weight data con-
sisted of 192 observations. The fecal corticosterone metabolite 
results, fecal IgA results, and weights of the individual rats were 
analyzed with repeated measures mixed-model ANOVAs on 
SPSS for Windows (version 14.0) using the strain, cage type, 
and cage item as factors and time as a repeated factor. Statistical 
significance was set at P < 0.05.

Results
Rat strain and transmitter carriage were found to be signifi-

cant factors that impacted fecal corticosterone excretion. Both 
F344 and BN rats instrumented with transmitters showed 
higher excretion of fecal corticosterone (F(df1 = 1, df2 = 137) = 
4.620, P = 0.033) than rats without transmitters; and F344 rats 
excreted more than did BN rats (F(df1 = 1, df2 = 137) = 6.026, 
P = 0.015). In F344 rats with transmitters the corticosterone 
concentrations were 21% and in BN rats they were 47% higher 
than in controls, on average (Figure 1). Fecal corticosterone 
levels did not display significant (F(df1 = 1, df2 = 137) = 3.253, 
P = 0.73) change during the 16-wk study (Figure 2). Both cage  
furniture and cage type were found to be nonsignificant  
(P > 0.05) factors for fecal corticosterone excretion.

Neither the rat strain nor transmitter carriage significantly 
altered the amount of fecal IgA excreted during 7 to 16 wk 
after transmitter implantation (Figure 3), but excretion in all 
rats increased with age (F(df1 = 1, df2 = 95) = 6.834, P = 0.010).

Body weight results displayed a significant (F(df1 = 1, 
df2 = 159) = 40,241, P < 0.001) transmitter carriage × strain 
interaction, which showed that both BN and F344 rats gained 
more weight with an implanted transmitter compared with their 
controls, but weight increase was larger for F344 rats than for 
BN rats (Figure 4).

Discussion
It is often assumed that implanted telemetry transmitters have 

no negative impact on the animals, but this is rarely the case.2 
Studies using intraperitoneally implanted transmitters usually 
consider rats to be fully recovered at ∼10 d postoperatively.3,4 
The study described here evaluated the impact of transmitter 
carriage beyond that timepoint through the subsequent 16-wk 
period. Normally, it is during this period in which telemetry 
recordings are made. Hence, it is relevant to evaluate the stress 
and welfare of the animals during that recording period to as-
sess whether chronic stress exists and if it might possibly exert 
confounding effects on research data.
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Figure 1.  Fecal corticosterone excretion in 12 F344 and 12 BN male 
rats 2 to 32 wk after implantation of an abdominal telemetry transmit-
ter. Results are expressed as means ± SEM. Both F344 and BN rats 
instrumented with a transmitter showed higher values for fecal cor-
ticosterone (P = 0.033) than did control rats. F344 rats excreted higher 
amounts as compared with BN rats (P = 0.015). Samples (n = 168,  
55 samples from 8 transmitter rats and 113 samples from 16 rats with-
out transmitter) were collected in 2-wk intervals.
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Figure 2.  Means of fecal corticosterone values from 12 F344 and 12BN 
rats plotted against rats’ age for both rat strains with and without 
transmitter. Samples (n = 168, 55 samples from 8 transmitter rats and 
113 samples from 16 rats without transmitter) were collected in 2-wk 
intervals.
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Figure 3.  IgA excretion in 12 F344 and 12 BN male rats 14 to 32 wk 
after implantation of an abdominal telemetry transmitter. There were 
no statistically significant differences between the rat strains, but ex-
cretion increased over time (P = 0.010). Samples (n = 125, 43 samples 
from 8 transmitter rats and 82 samples from 16 rats without transmit-
ter) were collected in 2-wk intervals.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access



498

Vol 64, No 3
Journal of the American Association for Laboratory Animal Science
May 2025

Two inbred strains of male rats were chosen for this study, 
applying Festing’s suggestion that several defined strains 
represent a species better than one single outbred stock.21–23 At 
the same time, this study applied Fisher’s principle whereby 
“a highly standardized experiment supplies direct informa-
tion only in respect of the narrow range of conditions” while 
“deliberately varying in each case some of the conditions of the 
experiment, achieve a wider inductive basis for our conclusions, 
without in any degree impairing their precision.”24 Specifically, 
we used varying housing conditions such as 2 cage types and 
4 different cage furniture types.

The main finding of the present study is that transmitter 
instrumentation leads to a significant long-term increase of fe-
cal corticosterone levels (Figure 1), an increase that showed no 
significant change during the 16-wk study duration (Figure 2). 
Combining these findings with the design features of the study 
suggest that these results may be applicable to adult male rats 
as a group.

Guhad and Hau (1996) suggested that salivary IgA levels can 
be used to assess stress in rats.16 There are no long-term studies 
on fecal IgA, but Erikson and coworkers showed significantly 
reduced concentrations during the 3 d after rats were transferred 
to metabolism cages.25 The present study found no differences 
in fecal IgA attributable to the implanted transmitter during 7 to 
16 wk after transmitter implantation (Figure 3). As a collateral 
finding we found increasing levels of fecal IgA over this 10-wk 
period. Increasing levels of fecal IgA also in the transmitter 
group do not support the notion of compromised welfare.

Weight gain is commonly used as an indicator of animal 
welfare.26 This study showed that both F344 and BN rats with 
the transmitter gained more weight than those without, but in 
F344 rats the increase was larger (Figure 4). The weight gain may 
be due to stall of weight gain during recovery3 and subsequent 
compensatory increase. We do not believe that the weight gain 
did not point to compromised welfare.

What are the items and procedures that could be causing the 
increased fecal corticosterone levels? The BVAAWF/FRAME/
RSPCA/UFAW Joint Working Group recommendations state 
that “primary physical impact of a device on an individual 

animal will depend upon the relative size and mass of the de-
vice, its shape, the nature of the material from which it is made, 
its site and the method of attachment or insertion.”2

The rats in this study weighed 280 to 370 g (BN) or 350 to 
460 g (F344) and were 25 wk old at the beginning of the study. 
Mature, larger rats were chosen to decrease the relative size of 
the transmitter. The transmitter shape was cylindrical, and it 
weighed 9 g. The weight of the transmitter relative to the rats’ 
body weights at the beginning of the study was 3.2% for BN 
rats and 2.6% for F344 rats. These numbers are small as com-
pared with earlier studies on rat welfare. Somps (1994) used 
subcutaneous transmitters equal to 15% of a rat’s body weight 
but saw no effect on growth, food and water intake, body tem-
perature, or activity rhythms during a 14-d study.27 Moran et al. 
(1998) used subcutaneous implants equal to 7.4% and 13.8% of 
a rat’s weight for 90 d and observed no ill effects, except for an 
increase in adrenal weight with the larger implant.28 The find-
ing of increased adrenal weights is in line with our study, since 
adrenal hypertrophy has been connected to long-term increased 
glucocorticoid production.29 It appears that a transmitter equal 
to 2% to 3% of a rat’s weight could cause adrenal stimulation.

The BVAAWF/FRAME/RSPCA/UFAW Joint Working 
Group recommendations call for ‘balancing’ the placement of 
an implanted transmitter within the animal as much as possible, 
as a unilateral load can lead to device slippage and postural 
problems.2 This study anchored the implant to the parietal 
peritoneum via suture inside the abdomen, roughly halfway 
between the forelegs and hindlegs. In this case, the implant 
site was as ventral as possible and balanced against the longi-
tudinal or transverse axis, and therefore was unlikely to cause 
discomfort and pressure on adjacent tissues.

The BVAAWF/FRAME/RSPCA/UFAW Joint Working Group 
recommendations state that the ideal telemetry system would 
allow the animals to be housed in stable, compatible groups.1 
Cinque et  al. (2018) showed that fecal corticosterone levels 
significantly increased after exposure to social and physical 
environmental enrichment in male and female rats at 72 h 
after exposure.12 The present study used group housing, and 
the preestablished groups stayed the same throughout the 
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Figure 4.  Weight gain of F344 and BN male rats 2 to 32 wk after implantation of an abdominal telemetry transmitter. Results are expressed as 
means ± SD. There was a significant (P < 0.001) transmitter carriage × strain interaction. Both F344 and BN rats gained more weight with an 
implanted transmitter compared to those rats without a transmitter during the 16-wk study period, but in F344 rats the difference was larger. 
Animal weights (n = 192, 64 from 8 rats carrying transmitter and 128 from 16 rats without transmitter) were recorded in 2-wk intervals.
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study except for individual housing of all rats for 6 h for fecal 
sampling every 2 wk.

Quantification of fecal excretion of corticosteroids has been 
shown to be a useful noninvasive measure of prior substantial 
stress (for example surgery), but it is not sufficiently sensitive 
to reveal minor stress or acute stress of short duration.9 In the 
present study, the potential stress was chronic but there are 
no comparable studies on long-term effects of (mild) stress. 
It is remarkable that concentrations of fecal corticosterone 
increased consistently, regardless of strain or housing condi-
tion, making it highly unlikely to be a false positive result. 
Equally noteworthy is that the fecal corticosterone values 
were above control values in all but one time point during the 
16-wk study (Figure 2). We conclude that instrumenting adult 
male rats with an intra-abdominal transmitter leads to mild to 
moderate chronic stress, which may complicate interpretation 
of telemetry studies.

Acknowledgments
We are thankful to Mr Heikki Pekonen for surgical procedures and 

to Ms Virpi Nousiainen for daily care of the rats.

Conflict of Interest
The authors have no financial conflicts of interest to declare.

Funding
This work was supported by the Academy of Finland and the Finnish 

Ministry of Education.

References
	 1.	Hawkins P, Morton DB, Bevan R, et  al.; Joint Working Group 

on Refinement. Husbandry refinements for rats, mice, dogs and 
non-human primates used in telemetry procedures. Lab Anim. 
2004;38(1):1–10.

	 2.	Morton DB, Hawkins P, Bevan R, et al. Refinements in telemetry 
procedures. Seventh report of the BVAAWF/FRAME/RSPCA/
UFAW Joint Working Group on Refinement, part A. Lab Anim. 
2003;37(4):261–299.

	 3.	Leon LR, Walker LD, DuBose DA, Stephenson LA. Biotelemetry 
transmitter implantation in rodents: impact on growth and circa-
dian rhythms. Am J Physiol Regul Integr Comp Physiol. 2004;286(5): 
R967–R974.

	 4.	Greene AN, Clapp SL, Alper RH. Timecourse of recovery after 
surgical intraperitoneal implantation of radiotelemetry transmit-
ters in rats. J Pharmacol Toxicol Methods. 2007;56(2):218–222.

	 5.	Möstl E, Palme R. Hormones as indicators of stress. Domest Anim 
Endocrinol. 2002;23(1–2):67–74.

	 6.	Bamberg E, Palme R, Meingassner JG. Excretion of corticosteroid 
metabolites in urine and faeces of rats. Lab Anim. 2001;35(4):307–314.

	 7.	Royo F, Björk N, Carlsson H, Mayo S, Hau J. Impact of chronic 
catheterization and automated blood sampling (Accusampler) 
on serum corticosterone and fecal immunoreactive corticosterone 
metabolites and immunoglobulin A in male rats. J Endocrinol. 
2004;180(1):145–153.

	 8.	Lepschy M, Touma C, Hruby R, Palme R. Non-invasive measure-
ment of adrenocortical activity in male and female rats. Lab Anim. 
2007;41(3):372–387.

	 9.	 Siswanto H, Hau J, Carlsson H-E, Goldkuhl R, Abelson KSP. Cor-
ticosterone concentrations in blood and excretion in faeces after 

ACTH administration in male Sprague-Dawley rats. In Vivo. 2008; 
22:435–440.

	 10.	Abelson KSP, Fard SS, Nyman J, Goldkuhl R, Hau J. Distribu-
tion of [3H]-corticosterone in urine, feces and blood of male 
Sprague-Dawley rats after tail vein and jugular vein injections. In 
Vivo. 2009;23:381–386.

	 11.	Kasanen I, Inhilä K, Savontaus E, et al. Diurnal rhythms of blood 
glucose, serum ghrelin, faecal IgA and faecal corticosterone in 
rats subjected to restricted feeding using the diet board. Lab Anim. 
2018;52(1):29–37.

	 12.	Cinque C, Zinni M, Zuena AR, et al. Faecal corticosterone metabo-
lite assessment in socially housed male and female Wistar rats. 
Endocr Connect. 2018;7(2):250–257.

	 13.	Dhabhar FS, McEwen BS. Stress-induced enhancement of 
antigen-specific cell-mediated immunity. J Immunol. 1996; 
156(7):2608–2615.

	 14.	Yamamoto S, Motomura A, Akahoshi A, Takahashi K, Minami 
H. Immunoglobulin secretions in the mesenteric lymph node in 
stressed rats. Nutr Sci Vitaminol (Tokyo). 2009;55(2):191–194.

	 15.	 Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids 
influence stress responses? Integrating permissive, suppressive, 
stimulatory, and preparative actions. Endocr Rev. 2000;21(1):55–89.

	 16.	Guhad FA, Hau J. Salivary IgA as a marker of social stress in rats. 
Neurosci Lett. 1996;216(2):137–140.

	 17.	Pihl L, Hau J. Faecal corticosterone and immunoglobulin A in 
young adult rats. Lab Anim. 2003;37(2):166–171.

	 18.	Cavigelli SA, Monfort SL, Whitney TK, Mechref YS, Novotny M, 
McClintock MK. Frequent serial fecal corticoid measures from rats 
reflect circadian and ovarian corticosterone rhythms. J Endocrinol. 
2005;184(1):153–163.

	 19.	Kemppinen N, Hau J, Meller A, Mauranen K, Kohila T, 
Nevalainen T. Impact of aspen furniture and restricted feeding on 
activity, blood pressure, heart rate and faecal corticosterone and 
immunoglobulin A excretion in rats (Rattus norvegicus) housed in 
individually ventilated cages. Lab Anim. 2010;44(2):104–112.

	 20.	Kemppinen N, Meller A, Hau J, Mauranen KO, Kohila T, Nevalain-
en T. Refinement and reduction value of aspen furniture and 
restricted feeding of rats in conventional cages. Scand J Lab Anim 
Sci. 2014;39:111–128.

	 21.	Festing MF. Use of a multistrain assay could improve the NTP 
carcinogenesis bioassay. Environ Health Perspect. 1995;103(1):44–52.

	 22.	Festing MFW. Inbred strains should replace outbred stocks in 
toxicology, safety testing, and drug development. Toxicol Pathol. 
2010;38(5):681–690.

	 23.	Festing MFW. Evidence should trump intuition by preferring 
inbred strains to outbred stocks in preclinical research. Ilar J. 
2014;55(3):399–404.

	 24.	Fisher RA. Design of Experiments. Oliver and Boyd; 1935.
	 25.	Eriksson E, Royo F, Lyberg K, Carlsson H-E, Hau J. Effect of 

metabolic cage housing on immunoglobulin A and corticoster-
one excretion in faeces and urine of young male rats. Exp Physiol. 
2004;89(4):427–433.

	 26.	Beaver BV, Bayne K. Animal welfare assessment considerations. 
In: Bayne K, Turner PV, editors. Laboratory Animal Welfare. Elsevier; 
2014:29–38.

	 27.	 Somps C. Biotelemetry implant volume and weight in rats: a pilot 
study report. 1994. Accessed 1 April 2025. https://ntrs.nasa.gov/
api/citations/19950004451/downloads/19950004451.pdf.

	 28.	Moran MM, Roy RR, Wade CE, Corbin BJ, Grindeland RE. 
Size constraints of telemeters in rats. J Appl Physiol (1985). 
1998;85(4):1564–1571.

	 29.	Gamallo A, Villanua A, Trancho G, Fraile A. Stress adaptation 
and adrenal activity in isolated and crowded rats. Physiol Behav. 
1986;36(2):217–221.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-08-31 via free access

https://ntrs.nasa.gov/api/citations/19950004451/downloads/19950004451.pdf
https://ntrs.nasa.gov/api/citations/19950004451/downloads/19950004451.pdf

	Impact of an Implanted Intra-Abdominal Telemetry Transmitter on Fecal Excretion of Corticosterone and IgA in Adult Male F344 and BN Rats (﻿Rattus norvegicus﻿)
	Abbreviations and Acronyms
	Introduction
	Materials and Methods
	Ethical review.
	Animals.
	Animal housing and care.
	Cage furniture and study design.
	Surgical procedure.
	Sampling.
	Fecal corticosterone and fecal IgA quantification.
	Data processing and statistical analysis.

	Results
	Discussion
	Acknowledgments
	Conflict of Interest
	Funding
	References


