Excellence in Separations

OptiPrep™ Application Sheet C24
Purification of hepatic non-parenchymal cells on a density barrier
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OptiPrep™ is a 60% (w/v) solution of iodixanol in water, density = 1.32 g/ml
The Axis-Shield Mini-Review “Hepatic non-parenchymal (stellate, Kupffer and endothelial)
cells –a short methodological survey” (MC08) compares some of the current methodologies
To access MC08 return to the initial list of Folders and select “Mini-Reviews”
Note that there are two related Application Sheets: C33 “Preparation of stellate cells from liver
and pancreas” and C50 - “Enrichment of hepatic Kupffer cells in a discontinuous gradient”.
To access other Application Sheets referred to in the text return to the Cell Index; key Ctrl “F” and
type the C-Number in the Find Box

1. Background
Parenchymal and non-parenchymal cells (PC and NPC) may be prepared by collagenase digestion
of the liver using a tissue perfusion system. The PC are then separated from the NPC by differential
pelleting at 50 g for 1-4 min. It is however necessary to repeat this centrifugation (maybe twice more)
to remove PC from the supernatant; moreover the NPC yield is usually low. It is both more common
and more effective to carry out the 50 g centrifugation once; to harvest all the cells from the supernatant
by centrifugation at a higher g-force and then use a density barrier prepared from one of the of
iodinated density gradient media to resolve the two types of cell. Many workers prefer a modified
perfusion strategy, which involves a mixture of collagenase and Pronase or Clostridium perfringens
enterotoxin to destroy the PC selectively [1,2].
The purification of NPC is a starting point for the isolation of Kupffer and endothelial cells; the
NPC are then processed further by centrifugal elutriation to obtain reasonably pure populations of these
important cells, although there are instances of the reverse situation in which the elutriation is the first
step (e.g. ref. 3). Although metrizamide was widely used for the density barrier step prior to 1984,
Nycodenz® subsequently became more popular (over 200 papers) because of its lower toxicity to cells.
More recently iodixanol gradients have become a popular choice and because of the ease of gradient
solution preparation from OptiPrep™, the following methodology is based solely on use of this
medium.
♦

Note that two-layer discontinuous gradients are able to improve the purity of Kupffer cells, see
Application Sheet C50.
GBSS

Dissolve the following in 500 ml water:
2. Solution selection and preparation
7.0 g NaCl
2a. Buffer salt solution
A crude NPC preparation may be suspended in a 0.37 g KCl
70 mg MgSO4.7H2O
routine balanced salt solution such as Hank’s Balances Salt 150 mg Na2HPO4.2H2O
Solution (HBSS) or more often this is an NPC customized 220 mg CaCl2.2H2O
medium such as Gey’s balanced salt solution and this may 2.27 g NaHCO3
be prepared as described in the box. The chosen solution is 30 mg KH2PO4
mg MgCl2.6H2O
also used in the preparation of the gradient solutions. Unless 210
1.0 g glucose
the solution contains 10% serum, the density of any
balanced salt solution (or culture medium) is likely to be Make up to 1 liter of water and gas with 5%
very similar, if not identical, to GBSS or HBSS (i.e. approx CO2/air. The pH should be 7.4.
1.006 g/ml). A medium containing 10% serum has a density
of approx 1.009 g/ml and the amount of iodixanol should be adjusted to account for this. For more
information about making up density gradient solutions. For more information on the preparation of
gradient solutions see Application Sheet C01.
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2b. Gradient solution preparation
The rationale regarding the preparation of iodixanol solutions is given in Application Sheet C01.
A major advantage of the use of this medium over Nycodenz® is the ease of solution preparation; for
NPC enrichment OptiPrep™ is simply diluted with either HBSS or GBSS to give the appropriate
density and all the solutions of any density will be isoosmotic. Nycodenz® and iodixanol solutions of
the same % (w/v) have almost identical densities. It is highly likely that iodixanol can substitute directly
for Nycodenz® in any protocol if the latter solutions are isoosmotic, but as far as we know, direct
comparisons between the efficacies of the two solutes have not been made. Therefore, for completeness,
some Nycodenz® variants are described.
3. Protocols
3a. Density barrier format
The crude cell suspension may be layered over a barrier of the chosen density or the suspension
may be adjusted to the chosen density and a small volume of GBSS or HBSS layered on top (this is
often termed a “Mixer Format”). In the former all the cells will sediment to or through the barrier; in the
latter cells will float to the interface; remain in the barrier or sediment to form a pellet. The layer of salt
solution in the second format prevents the floating cells from banding at an air/liquid interface and aids
recovery of the cell layer. Most centrifugations are carried out at 4°C.
3b. Removal of erythrocytes and cell debris from a crude NPC fraction
Protocol 3b-1 (all iodixanol concentrations are %, w/v)
1. Layer the NPC suspension over a barrier of ρ = 1.14-1.16 g/ml; published methods report the use
of 28% [4] or 24% [5] iodixanol. Higher Nycodenz® concentrations (approx 29%) have also been
used [6-8].
2.

Centrifuge to band the NPC at the interface; a wide range of conditions have been used - 5 min at
310 g [4], 15 min at 500 g [5] and 15 min at 1500 g [6].

Protocol 3b-2
1. Mix the NPC suspension with OptiPrep™ (volume ratio of 3.4:2.6 respectively).
2.

Layer 0.5-1.0 ml of GBSS on top; centrifuge at 400 g for 15 min [9] and collect the cells at the
interface.

3c. Purification of NPC
Because of the simplicity of using OptiPrep™ in a Mixer Format, the following protocols describe
the use of this strategy. Some protocol variations and comments, together with a brief summary of the
major Nycodenz® based methods are given in the Section 3c-3.
3c-1. Collagenase-dispersed cells (adapted from refs 10 and 11)
1. Prepare a 12.6% iodixanol solution: mix OptiPrep™ with any balanced salt solution or culture
medium (12.6 vol. + 47.4 vol. respectively).
2. Centrifuge a suspension of the collagenase-dispersed cells at 50 g for 3 min.
3. Recover the supernatant and centrifuge it again at 50 g.
4. Recover the supernatant and centrifuge it at 850 g for 10 min.
5. Remove and discard all of the supernatant and resuspend the pellet in the 12.6% iodixanol.
6. Layer 1-2 ml of balanced salt solution or culture medium on top and centrifuge at 3300 g for 30
min to pellet the residual PC cells and erythrocytes.
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7. Allow the rotor to decelerate without the brake.
8. Harvest the non-PC cells from top of the barrier.
3c-2. Collagenase/Pronase-dispersed cells (adapted from refs 1 and 2)
1. Make a solution of 40% iodixanol: mix 4 vol. of OptiPrep™ and 2 vol. of GBSS.
2. Suspend the crude non-parenchymal cells in GBSS.
3. Mix 40% iodixanol with the cell suspension, thoroughly (but gently) so that the final concentration
of iodixanol is 17% (w/v) iodixanol solution (ρ = 1.096 g/ml).
4. Layer 1-2 ml of GBSS on top and centrifuge at 400 g for 15 min at 20°C.
5. Allow the rotor to decelerate without the brake.
6. Collect the non-PC cells, which band at the interface between GBSS and the 17% iodixanol layer.
3c-3. Protocol variations
OptiPrep™
Note that the two protocols (3c-1 and 3c-2) describe two ways of processing the sample. In 3c-1
the cells are sedimented as a pellet and then resuspended in the solution of the required density, while in
3c-2 this pelleting step is omitted and the suspension mixed with a high-density solution. In some
instances the cell suspension is simply mixed with OptiPrep™ rather than a 40% iodixanol working
solution. The final concentrations of iodixanol are variable, e.g. 11.5% [12] 13.2%, [13,14] and 16.8%
[15]. A wide variation in centrifugation conditions has been reported, from 200 g for 20 min to 1500 g
for 25 min.
A rather more sophisticated gradient was recommended by Yovchev et al [16]. OptiPrep™ is
diluted with a HEPES- buffered saline, pH 7.4 containing 0.2% bovine serum albumin to produce
solutions of 11%, 13%, 16% and 18% (w/v) iodixanol. The NPC pellets were suspended in 11%
iodixanol and each 10 ml of suspension was underlayered with 10 ml each of the 13% and 16%
iodixanol solutions and 5 ml of 18% iodixanol. The gradients were centrifuged at 6,500 g for 30 min
and were allowed to decelerate without the brake. NPC’s banded at the 11-13% and 13%-16%
interfaces. The lower density interface was particularly enriched in stellate and oval cells. For full
details see ref 16.
Nycodenz®
The Nycodenz® literature reveals use of both the more traditional layering of the crude fraction
over a density barrier and also the Mixer Format. Nycodenz® density barriers of approx 15.7% [17,18],
16% [19] and 16.75% [20-22] are commonly used; centrifugation conditions vary from 600-1700 g for
15-20 min. In the Mixer Format 28-30% Nycodenz® has been added to the cell suspension to adjust it
to 15.8% [23-24], 16.7% [25-28] or 17.5% [29,30]; the centrifugation conditions are generally 15001700 g for 15-20 min.
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