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Brief Communication 

Concentrations of Progesterone During Storage of 
Whole Blood from Llama (Lama glama): Effects of 
Anticoagulants, Storage Time and Temperature 

Reproductive studies usually utilizes measure­
ment of progesterone in various fluids such as 
plasma, serum or milk. It has been shown that 
progesterone concentrations in bovine whole 
blood decrease proportionally to: i) the time 
elapsed between the collection of the sample 
and the separation of plasma or serum from the 
erythrocytes and ii) the temperature of storage 
during tlus period (Breuel et al, 1988, Pulido et 
al.1991 ). The addition of anticoagulants cause 
a more rapid decline in progesterone concentra­
tions (Wiseman et al. 1982). In equine, porcine 
and canine blood samples storage time and tem­
perature has a negligible effect on progesterone 
concentrations (Wiseman et al. 1982; Oltner & 
Edqvist 1982). Cordero et al. (1991) working 
with llama and alpaca whole blood, treated with 
EDTA as anticoagulant, reported a slight pro­
gesterone metabolization in alpaca plasma, but 
not in llama plasma. 
The objective of the present study was to evalu­
ate the effects of incubation time and tempera­
ture of whole blood from llamas on progeste­
rone concentrations in serum and plasma with 
sodium heparin and sodium fluoride as antico­
agulants. 
Blood samples were obtamed from 3 pregnant 
llamas, between month 5 and 7 of gestation. 
Animals were kept on a natural pasture in the 
natural reservation "Sierra del Tigre", Tandil, 
Buenos Aires province, Argentina. 
From each animal 240 ml of jugular vein blood 

was obtained. The blood was immediately di­
vided into 3 equal fractions: S = without antico­
agulant; H = containing 0 .1 mg/ml sodium hep­
arin and F = containmg 10 mg/ml sodium 
fluoride. Blood from each fraction was further 
separated into 17 aliquots of 4 ml each. One 
was immediately centrifuged and the remaining 
16 were divided into 2 groups. One group was 
kept refrigerated at 4 °C and the second in an in­
cubator at 25°C. For each anticoagulant treat­
ment (S, H and F), aliquots from every animal 
and storage condition were centrifuged after 
0.5, 1, 2, 3, 4, 6, 8 and 24 h. After centrifuga­
tion, plasma and serum was separated immedi­
ately and kept frozen at -20°C until assayed. 
Progesterone was assayed using solid-phase 
RIA kits without previous extraction (Coat-A­
Count Kit, Diagnostic Products Company, Los 
Angeles, California, USA), generously pro­
vided by the International Atomic Energy 
Agency, Vienna, Austria. The inter-assay coef­
ficient of variation calculated from 3 assays was 
below 12% for concentrations between 2-80 
nmo11-1. All samples from one animal were as­
sayed in a single assay to avoid inter-assay vari­
ation. The intra-assay coefficients of variation 
were 9 .1 % and 7 .2% for samples containing 4.8 
and 12.0 nmo11-1 respectively. The detection 
limit of the assay was 0.4 nmo11-1• 

For each animal, the progesterone concentra­
tions measured in the aliquots centrifuged im­
mediately after collection from the S, H and F 
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treatments were defined as 100%. All subse­
quent progesterone concentrations were ex­
pressed in % of the individual initial value. 
Data were then analyzed by analysis of variance 
as a 3x2x9 factorial experiment in a random­
ized complete block design with treatment (S, 
Hand F), storage temperature (4 or 25°C) and 
storage time (0, 0.5, 1, 2, 3, 4, 6, 8 and 24 h) as 
the main effects (Steel & Torrie 1980). 
The mean (± s.e.m.) progesterone concentra­
tion in the samples centrifuged immediately af­
ter blood collection was 7 .6 ± 1.2 nmo11-1. The 
presence of anticoagulants did not affect the 
measurement of progesterone (p>0.05). Mean 
initial concentrations of progesterone for S, H 
and F treatments were 7.4 ± 1.3; 7.3 ± 1.0 and 
7.3 ± 0.3 nmo11-1, respectively. None of the 
main effects were significant (p>0.05). The ef­
fect of the blocking variable (individual anunal) 
indicated differences in progesterone concen­
tration, which could be expected between dif­
ferent llamas (p<0.05). 
There was no significant effect of storage tem­
perature on the concentration of progesterone 
across time (p>0.05). After 24 h, the recovered 
concentrations of progesterone were 98.9 ± 
13.9and105.1±14.6% of the initial concentra­
tion for samples stored at 4°C and 25°C, re­
spectively. 
Since no significant differences were detected 
between storage temperature, results from 4°C 
and 25°C were pooled when calculating the fi­
nal recovery for each treatment over time. No 
significant differences were observed across 
time in serum samples and plasma samples 
containing sodium heparin and sodium flouride 
(p>0.05). The overall progesterone concentra­
tion measured in the aliquots centrifuged after 
24 h was in average 102.03 ± 14.6 % of the 
mean initial concentration (n = 18). For the S, H 
and F treatments, the values after 24 h were: 
108.9 ± 15.1, 102.6 ± 14.04 and 94.7 ± 10.6% 
of the initial concentration, respectively. 
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The progesterone levels in this study are within 
the range previously reported in llamas with a 
functional corpus luteum (Adam et al. 1989, 
Leon et al. 1990). The biochemical metaboliza­
tion of progesterone by cellular components re­
ported in bovine whole blood (Vahdat et al. 
1979) was not observed in llama blood. This 
observation is in accordance with results previ­
ously reported by Cordero et al. (1991) work­
ing with llama blood and EDTA as anticoagu­
lant. In contrast to bovine plasma and serum 
(Wiseman et al. 1982, Pulido et al. 1991 ), there 
were no significant differences between final 
progesterone concentrations in llama serum 
and plasma when heparin and sodium fluoride 
were used as anticoagulants and final progeste­
rone concentrations were not influenced by 
storage time and temperature. Thus, if facilities 
to refrigerate samples are lacking, it is still pos­
sible to measure accurate concentrations of pro­
gesterone in llama blood samples stored at 
room temperature for 24 h before centrifuga­
tion. 
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