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Intr oducti on

Toxicokinetic assessments are important components of juvenile toxicology studies that are required
in United States Food and Drug Administration (FDA) and European Medicines Agency (EMA)
guidelines as well as the ICH Harmonized Guideline S11 (Nonclinical Safety Testing in Support of
Development of Pediatric Medicines) draft guideline (September 2018). Many of these studies are
performed in rodents, typically rats or mice. Traditional sampling techniques to obtain blood samples
from rodent pups for analysis of blood drug levels are often terminal and may require anesthesia.
Further, pooling of samples from several pups may be required to provide a sufficient volume of blood
for analysis. The advent of microanalysis techniques that require much smaller blood volumes allows
for the use of microsampling techniques. To decrease animal use and improve the quality of data, a
non-terminal microsampling technique allowing resampling on multiple occasions from the same
mouse pup was developed.
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Table 1. Blood Sample Collection Schedule - Toxicology Animals

M ater i al s a nd M ethods

Natural litters of CD-1® (Crl:CD1[ICR]) mice were received from Charles River Canada Inc., St.
Constant, QC, Canada. On Post Natal Day (PND) 4, pups from each litter were selected using a
random series of numbers for assignment to cross-fostered litters; no more than one sibling from a
given sex was assigned to a cross-fostered litter of 8 pups (4 males and 4 females) each, and no pup
was assigned to its biological mother. A total of 202 pups per sex were then assigned to one of 4
groups and to one of 2 subsets (Toxicokinetic and Toxicology Subsets). Throughout the study, the
animals were housed in polycarbonate solid bottomed cages containing corn-cob bedding and
equipped with an automatic watering valve.
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Resul ts

Total:

Sample Collection Time Points (30 uL sample)
PND 70
PND 94/98
PND 126

Total Group Size
PND 35
40 Males +
X
X
X
40 Females
X = Sample collected
a Collected from the recovery subset only (20 males and 20 females)

PND 154

Xa

Xa

Table 4. No. of Samples - Toxicology Animals

Table 3. No. of Samples - Toxicokinetic Animals
Age at Collection
PNDs 7 to 21
PNDs 28 to 52
PNDs 56 to 161

Starting as early as PND 7, blood samples were collected from the jugular vein of conscious mice
and processed to provide plasma for various investigations (i.e., TK, ADA, biomarkers). The
required volume of blood obtained varied as required based on the investigations to be conducted
and age of the mice (Tables 1 and 2). The blood was withdrawn using a heparinized winged
infusion set with gauges of needles appropriate for the size of the animal and attached to a syringe.
The infusion set line was pre-marked for the total volume of blood to be obtained. Following
collection, the blood was transferred into heparinized capillaries and centrifuged for 10 minutes in a
refrigerated centrifuge (set to maintain 4°C) at 1500 g. The capillaries were then cut to isolate the
plasma. The entire volume of plasma collected was transferred into a uniquely labeled clear
polypropylene tube and was analyzed as per the study protocol. A total of 1904 samples were to be
collected based on the study design/investigations.

No. of Samples Collected
(versus Planned)
100 (102)
142 (144)
366 (378)
608 (624)

Success Rate
98.0%
98.6%
96.8%
97.4%

For the Toxicokinetic study phase, the technique provided blood samples of 55 or 60uL between
PNDs 7 and 14 and 60 or 110uL between PNDs 21 to 161, with the required volume being collected
and processed successfully for 98% of the samples scheduled to be collected during the preweaning
period and at least 97% of the samples obtained from PND 28 onwards.

Age at Collection
PND 35
PND 70
PND 94/98
PND 126
PND 154
Total:

No. of Samples Collected
(versus Planned)
319 (320)
319 (320)
314 (320)
160 (160)
160 (160)
1272 (1280)

Table 2. Blood Sample Collection Schedule - Toxicokinetic Animals
Total Group Size:
12 Males + 12 Females
Sub-group: A (3M + 3F)
B (3M + 3F)
C (3M + 3F)
D (3M + 3F)
Age at Collection Target Volumea
(µL)
(PND)
7
55b
X
X
8
55b
10
60
X
14
60
X
21
110
X
28
110
X
35
110
X
42
110
X
49
110
X
49
60
X
50
60
X
52
60
X
1 to 2 times/
110
X
X
X
X
4 weeks from
PNDs 56 to 161
X = Sample collected; - = Not applicable
a Unless otherwise indicated, 60 µL to 110 µL of blood collected for various investigations
b Volume reduced to 55 µL due to animal size limitations
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Success Rate
99.7%
99.7%
98.1%
100%
100%
99.3%

For the Toxicology study phase, 30uL samples were obtained with a success rate of at least 98% at
each of the 5 occasions between PNDs 35 and 154.
For combined subsets, a total of 1880 samples were successfully collected and processed from a
total of 1904 samples planned to be obtained, corresponding to a success rate of 99%.

Conclusion

It was concluded that a conscious jugular technique can be used to reliably obtain multiple samples of
30 to 110µL each from juvenile and adult CD-1 mice (up to 8 samples from the same animal between
PNDs 7 and 161). This technique also allows for various investigations to be evaluated in a single
animal, reducing considerably the animal population required. These represent key refinements of
blood sample collection that also allows for subsequent improvements in study designs.
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