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ABSTRACT 

Background: Interpretation of parathyroid hormone (PTH) measurements requires an understanding of its structural 
conformation. PTH reflects calcium intake and vitamin D status but is commonly measured in the fasted state using 2nd 
generation assays, known to cross-react with PTH 7-84 fragments, which is not observed with 3rd generation assays. 
The objective was to determine if plasma PTH in the fed and non-fed state differ while controlling for diurnal rhythm 
and the generation of PTH assay. Methods: Blood was sampled, 2 d apart, from Sprague-Dawley rats (30 males and 30 
females) in both fed and non-fed states at 20 wk of age (weight: 470.2 ± 23.2 g) for measurement of ionized calcium 
(iCa), total intact (INT) and bioactive 1-84 (BIO) PTH. Differences between groups were tested using a GLIMMIX 
model with sex and feeding state as fixed effects and individual rats as a random effect. Results: Females had a lower 
iCa than males (F: 1.43 ± 0.01 vs M: 1.46 ± 0.01 mmol/L, P = 0.03). In males and females, there was no difference be-
tween fed and non-fed groups when PTH was assessed using the INT PTH assay (M Fed: 21.6 ± 1.3 vs M Non-fed: 
22.6 ± 2.3 pmol/L, P = 0.59; F Fed: 19.3 ± 1.5 vs F Non-fed: 22.8 ± 2.9 pmol/L, P = 0.39). However, in females only, 
PTH measured using the BIO PTH, was significantly lower in the fed group versus the non-fed (Fed: 8.4 ± 0.8 vs 
Non-fed: 16.7 ± 3.4 pmol/L, P = 0.05). Conclusions: These results suggest that fasting elevates BIO PTH in females. 
Studies related to PTH should consider standardization of fast duration, sex differences, and preferentially use BIO PTH 
assays. 
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1. Introduction 

Parathyroid hormone (PTH) is the primary determinant 
of the extent of bone remodeling activity in the skeleton. 
It regulates bone metabolism and mineralization in addi-
tion to maintaining calcium homeostasis in part by bind-
ing to the parathyroid hormone 1 receptor in bone and 
the kidney. Circulating PTH follows a diurnal and cir-
cadian rhythm [1-4] and is altered acutely by certain nu-
trients such as calcium [1,2] and chronically by conju-
gated linoleic acid (CLA) in healthy and polycystic kid-
ney disease rats [3,4]. Thus when assessing PTH, both 
timing of sampling and standardized food intake patterns 
prior to sampling are required in trials designed to assess 
the physiological response of PTH to diet or supplements. 
Furthermore, PTH assays have evolved based on their 
clinical performance in differentiating bone diseases as-
sociated with renal failure [5]. 

First generation assays allowed for the description of 
circulating PTH immunoreactivity, however, these main- 
ly reacted with PTH fragments without bioactivity. Sec-
ond generation assays, known as intact PTH (INT), were 
initially thought to react only with the bioactive form of 
PTH (1-84) [5]. It was later discovered that these assays 
cross-reacted with the PTH fragments, notably PTH 
(7-84), which are suggested to antagonize the calcemic 
and bone resorptive effects of PTH (1-84). Third genera-
tion assays (BIO), with no cross-reactivity with the PTH 
fragments were thus developed to address the issue of the 
detection of fragments with biologically opposite effects 
[5]. Recently, in male and female cynomolgus monkeys, 
feeding reduced INT PTH suggesting that feeding state 
should be considered when interpreting PTH values [6]. 
The objective of this study was to confirm these results 
in another species and to assess possible differences in 
feeding state, sex and type of PTH assay used. It was 
hypothesized that: 1) feeding would reduce both INT and 
BIO PTH; 2) there would be no sex differences for both 
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INT and BIO PTH; and 3) INT and BIO PTH assays will 
yield different values for PTH.  

2. Materials and Methods 

2.1. Study Protocol and Diets 

All procedures and measurements were approved by the 
University of Manitoba Committee on Animal Care and 
conformed to Canadian Council on Animal Care guide-
lines [7]. This study was part of a larger study investi-
gating the effect of CLA on bone and mineral metabo-
lism [4]. Sprague-Dawley rats, (30 males and 30 fe-
males), were fed AIN-93G diets [8] from 3 to 20 wk of 
age with the exception of slightly higher fat content (84 
g/kg) in all groups with the control group containing only 
soybean oil and the other dietary groups receiving 0.5% 
to 1% CLA. Animals were acclimatized to the housing 
conditions and housed (12 h light, 12 h dark cycle) in 
same-sex pairs, fed ad libitum and food disappearance 
monitored 3 times weekly over the study. 

2.2. Assessment of Growth, PTH and Ionized  
Calcium 

Body weight was measured weekly throughout the study 
using a weigh scale with a dynamic weighing program 
specifically for animal weighing (SB8001, Mettler- 
Toledo, Columbus, USA). Length was measured at wk 
16 from nose to base of tail in the anesthetized state us-
ing isoflurane gas (AErrane®, Baxter, Mississauga, Can-
ada). At the wk 16 time-point, a blood sample of no more 
than 10% blood volume was taken from the tail vein, 
between 0800 and 1000h to control for diurnal variation 
and separated to obtain serum for determination of PTH. 
Serum samples were stored at −80˚C until analysis. The 
fed state was a reflection of ad libitum intake during 
normal nocturnal feeding. Food was removed at 2000 h 
the night before the non-fed blood sampling 2 days after 
the fed blood sampling. Blood sampling of fed animals 
occurred first to ensure clearance of circulating PTH 
fragments. Moreover, a 2 day period between blood 
sampling was used to minimize stress to the animals and 
to allow for a complete feeding cycle in order to prevent 
any compensatory feeding after the fasting period. Blood 
was separated at 2000 g to obtain serum for determina-
tion of PTH using both second generation INT PTH and 
third generation BIO PTH using separate ELISA kits 
specific to rodent PTH (Alpco Diagnostics, Windham, 
USA). To assess intra- and inter-assay precision of both 
assays, the coefficient of variation (CV) was calculated 
from 20 triplicate determinations of two samples each 
performed in a single assay. For the BIO assay, in-
tra-assay CV ranged from 2.5% - 3.9% and inter-assay 
CV ranged from 7.8% - 8.9%. For the INT assay, in-

tra-assay CV ranged from 2.1% - 2.4% and inter assay 
CV ranged from 5.1% - 6.0%. Regarding serum ionized 
calcium (iCa), samples were measured within 4 h of col-
lection using a Nova analyzer (Model 11, Nova Bio-
medical, Waltham, USA) with a CV < 1.6%. 

2.3. Statistical Analysis 

Data was analyzed using SAS statistical package soft-
ware version 9.2.0 (SAS Institute Inc., Cary, USA). A 
GLIMMIX model included feeding state, sex, type of 
assay used and day of sampling combined with the indi-
vidual animals included as a random factor. Diet was 
tested as a covariate, but did not significantly affect the 
results. This relatively new model was used to accom-
modate the Gaussian and non-Gaussian distribution and 
unequal variances of the data; all pair wise differences in 
diet means were tested using Tukey-Kramer approxima-
tion and a P-value of ≤0.05 was accepted as significant. 
Data are presented as mean ± SEM unless otherwise 
stated. 

3. Results 

At 20 wk of age, females had 47.5% lower weight than 
males (F: 323.1 ± 32.6 vs M: 615.2 ± 51.6 g, P < 0.0001), 
18.6% lower length (F: 21.5 ± 0.5 vs M: 26.4 ± 0.8 cm, P 
< 0.0001), and 8.8% less food intake (F: 179.3 ± 22.9 vs 
M: 196.6 ± 18.0 g, P = 0.003). Fed animals had signifi- 
cantly higher (1.4%) iCa versus non-fed (fed: 1.45 ± 0.01 
vs non-fed 1.43 ± 0.01 mmol/L, P = 0.0002). In males, 
iCa was 2.0% lower in the non-fed group versus fed (M 
non-fed: 1.43 ± 0.01 vs M fed: 1.46 ± 0.01 mmol/L, P = 
0.003). A similar trend was observed in females (1.4% 
lower), however, it did not reach significance (F fed: 
1.44 ± 0.01 vs F non-fed: 1.42 ± 0.01 mmol/L, P = 0.08). 
There was a significant difference between sexes where 
females had a 2.1% lower iCa compared to males (F: 
1.43 ± 0.01 vs M: 1.46 ± 0.01 mmol/L, P = 0.03).  

BIO PTH values were 48.6% lower (P < 0.0001) than 
INT PTH. In females, there was no difference between 
fed and non-fed groups when PTH was assessed using 
the INT assay however, PTH measured using the BIO 
was lower in the fed group versus the non-fed. In males, 
there was no difference between fed and non-fed groups 
when measured with either BIO or INT assays (Figure 
1). 

4. Discussion 

The results of the present study indicate that for the bio-
logical assessment of PTH, one should take into consid-
eration sex, feeding state, and generation of assay 
(ELISA) used. The assays used in this study were from  
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Figure 1. Effect of feeding on endogenous serum PTH con-
centration assessed using INT and BIO PTH assays in male 
and female rats. Differences detected using GLIMMIX 
model with post hoc testing using Tukey-Kramer approxi-
mation. Different letters indicate significant differences (P < 
0.05). Values are mean ± SEM; n = 30 per sex. 
 
the same manufacturer and were similar except for the 
horseradish peroxidase (HRP) conjugated detection an-
tibody. The detection antibody in the INT assay binds to 
epitopes within the 13-34 amino acid region of the rat 
PTH molecule while the detection antibody in the BIO 
PTH assay binds to an initial amino terminal epitope of 
amino acids 1-3. Generally, the second-generation INT 
PTH assay reacts with both the PTH (1-84) and the 
shorter PTH fragments notably PTH (7-84), which, in a 
group of renal transplant patients, was reported to ac-
count for 44.1% of total plasma PTH [9]. 

Evidence suggests that PTH (7-84) fragments can lead 
to skeletal resistance to PTH and inhibit bone resorption 
and thus display an antagonistic action to PTH (1-84) 
[9,10]. Moreover, PTH (7-84) fragments have a half-life 
of ~10 minutes versus ~4 minutes for PTH (1-84) [11]. 
This could explain in part the higher PTH values meas-
ured by the INT PTH assay compared to the BIO PTH 
assay could reflect the sum of agonist and slow degrad-
ing antagonist fragments of PTH. These results are in 
agreement with Inaba et al. where the mean concentra-
tions measured by the BIO PTH and INT PTH assays in 
healthy Japanese men and women were 62% higher in 
the INT assay, indicating that the PTH fragments account 
for ~40% of circulating PTH immunoreactivity [12]. 
Thus, the results obtained with the second-generation 
INT assay may not accurately reflect parathyroid func-
tion or serum PTH concentration. 

Nutritional intake and extended fasting periods (33 to 
96 hours) can modulate the circadian rhythm of PTH [13, 
14]. Additionally, plasma phosphate (PO4) and iCa are 
known to be correlated with PTH [14-19], which empha-
sizes the importance of meal times, type of food ingested 
and the resulting flux of PO4 and iCa on PTH. Serum iCa, 
PO4 and 1,25(OH)2D3 are known to regulate serum PTH, 
and in turn are regulated by changes in PTH [20,21]. An 
increase in iCa mediates a decrease in PTH secretion 
within seconds of being detected by calcium receptors in 

the parathyroid gland and this is accompanied by the 
breakdown of circulating PTH over the following hours 
[22]. PO4 independently increases PTH synthesis and 
secretion via a post-transcriptional mechanism occurring 
over a span of hours [23,24], while 1,25(OH)2D3 de-
creases PTH via inhibition of PTH gene expression [25]. 
This study has demonstrated that being in a non-fed state 
for 8 to 10 h is sufficient to decrease iCa, whereas the 
increase in PTH values were true for the BIO PTH assay 
only in females. It is possible that the already lower val-
ues for BIO PTH in some of the dietary groups of males 
but not females from the original study [4], precluded 
detection of differences in INT and BIO PTH between 
feeding states in males. Nonetheless, BIO PTH values for 
animals in the control diet were not different between 
feeding states (Fed 9.1 ± 1.7 vs non-fed 9.8 ± 2.3 pmol/L, 
P = 0.81); the same was true for INT PTH (Fed 22.1 ± 
2.3 vs non-fed 21.7 ± 4.6 pmol/L, P = 0.97). In addition 
the iCa values for males were higher than females 
whereas BIO PTH was lower.  

Overall our work contrasts that of Ruh et al. who 
found that in male and female monkeys, withdrawing 
food increases INT PTH [6]. The animals’ food was re-
moved for 7 hours and collected the blood samples in the 
late afternoon, which would also reflect circadian rhythm 
near the end of the expected feeding period. One of the 
reasons for the discrepancy might relate to the use of 
isoflurane anesthesia in rats, which is known to decrease 
iCa and increase INT PTH after induction of anesthesia 
and peaking after 30 minutes of exposure [26]. However, 
sampling in the rats was rapid within 10 to 15 min total. 
In summary, the present study suggests that the INT as-
say could mask the changes in PTH seen with sex and 
feeding states, at least in rats.  

The assessment of PTH is difficult due to its complex 
metabolic and structural properties. Mallette first pro-
posed that PTH could be considered as a “polyhormone” 
based on the multiple biological actions of single peptide 
regions of the PTH molecule [27]. This theory continues 
to be verified with ongoing discoveries of different forms 
of circulating PTH [28-30]. This reinforces the impor-
tance of careful selection of PTH assays depending on 
the purpose of the study. As demonstrated in this study, 
2nd generation assays yield higher values than 3rd gen-
eration assays. Also, they appear to be unable to differ-
entiate differences incurred based on sex although further 
PTH analyses using assays from different manufacturers 
is warranted to confirm these results. Future studies re-
lated to PTH should consider standardization of fast du-
ration, sex effects, and measure BIO PTH. 
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