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Abstract

Cryopreservation of articular cartilage will increase tissue availability for osteochondral
allografting and improve clinical outcomes. However, successful cryopreservation of articular
cartilage requires the precise determination of cryoprotectant permeation kinetics to develop
effective vitrification protocols. To date, permeation kinetics of the cryoprotectant formamide in
articular cartilage have not been sufficiently explored. The objective of this study was to determine
the permeation kinetics of formamide into porcine articular cartilage for application in vitrification.
The permeation of dimethyl sulfoxide was first measured to validate existing methods from our
previously published literature. Osteochondral dowels from dissected porcine femoral condyles
were incubated in 6.5 M dimethyl sulfoxide for a designated treatment time (1 s, 1 min, 2 min, 5
min, 10 min, 15 min, 30 min, 60 min, 120 min, 180 min, 24 h) at 22 °C (N = 3). Methods were
then repeated with 6.5 M formamide at one of three temperatures: 4 °C, 22 °C, 37 °C (N = 3).
Following incubation, cryoprotectant efflux into a wash solution occurred, and osmolality was
measured from each equilibrated wash solution. Concentrations of effluxed cryoprotectant were
calculated and diffusion coefficients were determined using an analytical solution to Fick’s law
for axial and radial diffusion in combination with a least squares approach. The activation energy
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of formamide was determined from the Arrhenius equation. The diffusion coefficient (2.7-3.3 X
10719 m%/s depending on temperature) and activation energy (0.9 + 0.6 kcal/mol) for formamide
permeation in porcine articular cartilage were established. The determined permeation kinetics of

formamide will facilitate its precise use in future articular cartilage vitrification protocols.

Keywords: Permeation kinetics, Formamide, Diffusion coefficient, Activation energy,

Cryoprotectant, Cryopreservation, Vitrification, Articular Cartilage, Pig

1. Introduction

Articular cartilage is a connective tissue that functions to minimize friction during
movement and is subjected to high levels of biomechanical stress [8,18,29]. Due to the avascular
nature of articular cartilage, it has limited capacity for chondrocyte recovery following tissue
injury [8,18,29]. Additionally, articular cartilage defects are considered a major risk factor in
developing osteoarthritis [6,12,20]. Osteochondral allografting has shown to be effective in
treating large, focal articular cartilage defects [7,9,11]. Unfortunately, osteochondral allografting
procedures are often delayed by mandatory infectious diseases testing, regulatory clearance,
problems with size and contour matching, and limited tissue availability [19,33]. The current
method of hypothermically storing articular cartilage at 4 °C leads to significantly decreased cell
viability after 28 days, limiting its utility [3,35]. Alternatively, cryopreservation of articular
cartilage offers a comprehensive solution to these challenges and a path to improved clinical
outcomes. As such, it remains critical to develop effective articular cartilage preservation

techniques.

Vitrification is a promising cryopreservation technique [5,16,17,22] that utilizes high

concentrations of cryoprotectants, also called cryoprotective agents (CPAs), to achieve a
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suspended animation of chondrocytes at ultralow temperatures [5,22,38]. A major challenge that
arises from high CPA concentrations is cytotoxicity [2,13,24,36]. To ameliorate this toxicity while
maximizing permeation to ensure adequate cryoprotective effects, the precise determination of

CPA permeation kinetics is required.

Previous studies by our group have described the permeation kinetics of four common
CPAs into porcine articular cartilage: dimethyl sulfoxide (Me2SO), ethylene glycol, glycerol, and
propylene glycol [23,31]. However, the permeation kinetics of formamide, another common CPA,

have remained unstudied.

Formamide is a relatively small amide that is considered highly toxic [2,4,24-26].
Although formamide alone cannot be used for vitrification as its molecules tend to self-associate
rather than associate with water [4,15,21,28], there is evidence that use of formamide in
combination with other CPAs results in cytotoxicity reduction [2,14,24,34]. Fahy demonstrated
that when used in combination with Me>SO, formamide displayed diminished toxic effects [14].
Inclusion of formamide in future vitrification protocols may be valuable, particularly in multi-CPA
protocols. The objective of the study described herein was to determine the temperature-dependent
permeation kinetics of formamide at a concentration appropriate for vitrification, using our

previously established methods [1,23,31].

2. Materials and methods

2.1 Experimental materials and methods

Porcine stifle joints from sexually mature pigs prepared for meat consumption were

retrieved from Delton Sausage House & Deli (Edmonton, AB) within 24 hours after slaughter, and
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were transported to the laboratory in a cooler. No animals were specifically sacrificed for this
study. The use of animal tissue for research was approved by the Research Ethics Office at the
University of Alberta. Distal femoral condyles were isolated following joint dissection; both
medial and lateral condyles were used. Osteochondral dowels (10 mm diameter full thickness
articular cartilage on subchondral bone base) were prepared using a custom hand-held coring
device. Between two and four osteochondral dowels were gathered from the weight-bearing
portion of each condyle. The subchondral bone base of each osteochondral dowel was then
removed using a scalpel, and the remaining articular cartilage discs 1.1-2.9 mm thick were stored

at 4 °C in 1 X phosphate-buffered saline (1 X PBS; Gibco).

Experimental methods were initially verified using Me>SO mixed in isotonic 1 X PBS to
compare with results previously published by our group [23,31]. For the 6.5 M Me>SO treatment
group, each articular cartilage disc was assigned to one of eleven incubation time treatments (1 s,
I min, 2 min, 5 min, 10 min, 15 min, 30 min, 60 min, 120 min, 180 min, 24 h) at 22 °C. The
negative control group consisted of an articular cartilage disc incubated in 1 X PBS only. Trials

were performed three times. A total of 36 articular cartilage discs were used.

Identical methods were applied to formamide mixed in isotonic 1 X PBS for novel
determination of formamide permeation kinetics. For the 6.5 M formamide treatment group, each
articular cartilage disc was assigned to one of eleven CPA incubation time treatments (1 s, 1 min,
2 min, 5 min, 10 min, 15 min, 30 min, 60 min, 120 min, 180 min, 24 h) at one of three temperatures
(4 °C, 22 °C, 37 °C). Negative control groups consisted of articular cartilage discs incubated in 1
X PBS only (at respective temperatures). Trials were performed three times at each temperature.

A total of 108 articular cartilage discs were used.
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Articular cartilage discs were removed from the PBS and excess fluid was removed from
cartilage surfaces using Kimwipes™ Delicate Task Wipes (Kimberly-Clark). Articular cartilage
discs were weighed (W1) using weighing boats and a balance (AB54-S, Mettler Toledo).
Immediately after weighing, articular cartilage discs were individually placed in 6-well plates with
low evaporation lids (Fisher) containing 5 mL of CPA; the discs were fully submerged for the
assigned durations and each trial was run in duplicate. Sample plates were made airtight with
Parafilm™ to prevent evaporation. Plates were pre-cooled, and incubation was conducted in a
temperature-controlled laboratory cold room for the 4 °C treatment group. Incubation was
conducted in a laboratory room (maintained at 22 °C) for the 22 °C treatment group. Plates were
pre-warmed, and incubation was conducted in a temperature-controlled biological incubator for

the 37 °C treatment group.

Following incubation, articular cartilage discs were removed from the CPA-containing
wells. Excess fluid was again removed from cartilage surfaces using Kimwipes™ and a second
weight (W») was recorded. Articular cartilage discs were individually placed in 6-well plates with
low evaporation lids (Fisher) containing 4 mL of 1 X PBS wash solution. Regardless of
temperature treatment, all sample plates were sealed with Parafilm™, covered with aluminium
foil, and placed in dark conditions at 22 °C for 24 h to permit CPA efflux from the discs. Articular
cartilage discs were removed post-24 h and set aside for cartilage thickness measurements.
Resulting wash solutions were thoroughly mixed using a pipettor. From each equilibrated solution,
1 mL was collected into a 1.5 mL microcentrifuge tube. This solution was mixed and 50 pL was

collected for osmolality measurement using a micro-osmometer.

Articular cartilage disc thicknesses were measured using a digital caliper. In accordance

with previously published methodology by our group, thicknesses were measured at three different
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locations for each disc, with the distal tips of the caliper jaws clamped at the centre of the circular

articular cartilage discs [37]. Values were averaged for each disc.

The experimental methods are summarized in Figure 1.

Incubate in 5 mL CPA

i : 3
NSNS
af { i )

Remove from CPA
/\ PVt
AL | i\ J )

AN

N

M

4 el Talets
. o= ’ \,,,/:\,,,/"\\,/J B‘\,,,/:“\_,, AN
1Sarrr,:ir|?3§;t§il;fr :/ At experimental temperature
Weigh disc (W,) (4 °C, 22 °C, or 37 °C)
Transfer 50 pL Mix solution Washin 4 mL 1 x PBS

(24 hat22 °C) =3
T — B
=

Measure osmolality Collect 1 mL Dark, sealed conditions

Weigh disc (W,)

Figure 1. Summary of experimental methods. Osteochondral dowels were weighed and incubated
in 5 mL of CPA at experimental temperature (4 °C, 22 °C, or 37 °C) for assigned durations.
Following incubation, osteochondral dowels were removed from CPA, weighed a second time,
and placed in 4 mL 1 X PBS for 24 h under dark, sealed conditions. Equilibrated wash solutions
were mixed and osmolality indicating effluxed CPA was measured. Measured values were used to
calculate average CPA concentrations in the tissue after each incubation duration.

2.2 Calculation methods

The average CPA concentration in the articular cartilage was calculated using a similar
method to that previously used in our group [1,23]. The number of moles of CPA that permeated

the cartilage, ncp,4, was calculated from the change in osmolality of the 1 X PBS solution as

[ns — Tone second](mosm/kg) X Vsol (mL) X Pwater (g/mL)
1000(mosm/osm) X 1000(g/kg)

(1)

nepa(mol) =
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where 5 is the measured osmolality of the solution after CPA efflux, ,e secona 15 the osmolality
of the solution after CPA efflux for a one second CPA immersion trial, Vg, is the total volume of
the solution, and p,,4ter 15 the density of water at 22 °C (0.99777 g/mL) [23]. The osmolality
Tone secona Was subtracted from m; instead of the osmolality of the original 1 X PBS solution to
account for CPA present on the surface of the cartilage that did not permeate. The total volume of
the solution includes the space within the articular cartilage that is capable of holding solution in
addition to the 4 mL volume of 1 X PBS. It was calculated as

[7 X R?(mm?) X a (mm)]

V,y,(mL) = 4 mL + 0.776 X
sor(ml) = 4m 1000 (mm? /mL)

(2)

by assuming that each cartilage dowel is a perfect cylinder with a radius R = 5 mm and a unique
thickness a measured for each dowel (1.1-2.9 mm). A factor of 0.776 is applied as the fraction of
isotonic cartilage volume that is capable of holding the CPA solution [31]. The weight of the CPA,
Wep 4, was then calculated as

Wepa(g) = ncpa(mol) X Mcp,(g/mol) 3)

where Mp, is the molecular weight of the CPA. The volume of the CPA, Vp4, was calculated as

. Wepy (8)
Vera(mL) = pcpa(g/mL) ®

where pcp4 1s the pure density of the CPA at the appropriate temperature (Me>SO at 22 °C (1.098
g/ML); formamide at 4, 22, and 37 °C (1.147, 1.132, and 1.119 g/mL)) [39]. The dry weight, W;.,,
of each cartilage sample was calculated using

Wary(8) = Wi(g) % 0.224 (5)
where 0.224 is the dry weight fraction of porcine articular cartilage [31]. Then, the volume of water

in the treated cartilage, V,,4¢er-, could be determined by
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W, (g) — [Wdry (&) + Wepa (g)]
Pwater(g/mL)

Viwater(mL) = (6)

where p,,qter 1S the density of water at the appropriate temperature (0.999973, 0.99777, 0.99336
g/mL at 4, 22, and 37 °C, respectively) [23]. The average concentration of CPA in the cartilage,
Ccpa, Was then calculated as follows:

nepa(mol) X 1000(mL/L)
VCPA (mL) + Vwater (mL) .

Ccpa(mol/L) = 7

Fick’s law was used to model the diffusion of CPA into the articular cartilage dowel. The
shape of each cartilage dowel was represented as a disc. Since the cartilage was removed from the
bone, it was exposed to the CPA solution from the top, bottom, and sides. The surface area of the
sides of the dowel is not negligible compared to the surface area of the top and bottom, so diffusion
must be considered in both the axial and radial dimensions. The following analytical solution of

Fick’s law for 2D axial and radial diffusion into uniform discs was reported by Skelland [32]

8 1 —D(2n + 1)%nt
a;—(znﬂ)zex"( 4(a/2)? ) "

and was previously used by our group to calculate the diffusion coefficients for several CPAs in

C-C*

4 1
Co—C* — exp(=Dbjt)

D2 2
R n=1b"

(8)

articular cartilage [1,23]. C (M) is the average concentration of CPA in the cartilage after time ¢
(s), Co (M) is the initial average concentration, C* (M) is the boundary condition concentration, a
(m) is the thickness of the dowel, R (m) is the radius of the dowel, D (m?/s) is the diffusion
coefficient, and b, (m™') is the n™ root of the zero-order Bessel function of the first kind divided
by the radius (i.e., /o (b,R) = 0). The initial concentration, C,, was taken to be zero since no CPA
was initially present in the cartilage. The boundary condition, C*, was taken to be the concentration

in the cartilage after 24 hours. The thickness, a, was taken to be the average thickness of the
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articular cartilage discs used at each temperature (1.7, 1.8, and 1.5 mm for 4, 22, and 37 °C,
respectively).

All computations were performed in MATLAB R2020a (Natick, MA). The roots of the
zero-order Bessel function of the first kind were calculated using the function besselzero [27]. The
infinite sums were computed by adding terms until the addition of the subsequent term did not
change the total value of the sum based on MATLAB's default precision of 16 significant digits.
The diffusion coefficient, D, was determined such that it minimized the sum of squared errors
between the Fick's law predictions and the experimental data. This calculation was performed by
summing the squared errors for values of D in the range 0.1-100 X 1071% m?%/s and selecting the
value with the lowest error. A precision of two significant figures was chosen, so the tested values
of D were increased in 0.1 X 1071% m?/s increments. To verify that refining the test increment did
not impact the results, the same process was repeated in increments of 0.01 X 107° m?%/s. The
same results were obtained.

The temperature dependence of diffusion coefficients can be expressed by the Arrhenius

equation as

Eq

D = Aexp (— ﬁ) (9)

where E,, is the activation energy (kcal/mol), 4 is the prefactor (m?/s), T is the absolute temperature
(K), and R is the universal gas constant (1.9872 X 1073 kcal/(mol K)). The equation was

linearized, and the activation energy and prefactor were found using linear regression.
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3. Results

The results obtained in this study for the permeation of Me>SO into articular cartilage at
22 °C are compared to those reported previously by our group [23] in Figure 2. The results of the
present study agree with the previous results, which gives confidence in the experimental methods

used. The same methods were applied to the formamide trials.

7 4
& x
o 88
= f 71
c ) ] B *®
S I ° I *
© 4 - : 51 6
T 4 l
L3 | 34 I
c %
@] J 21T =
(O] & @ Present study
1? x Jomha et al.
03 : : : : :
1 0 10 20 30 40 50 60
O b T T T T T T T
0 200 400 600 800 1000 1200 140C

Time (min)

Figure 2. Comparison of the data obtained in the present study and the data reported previously
by our group [23] for the permeation of 6.5 M Me>SO into porcine articular cartilage at 22 °C. The
inset shows the Me2SO permeation during the first 60 min of exposure when the uptake is most
rapid. The numerical values of the data in this figure are given in Table S1 in the Supplementary
Material.

Figure 3 shows the concentration of formamide in articular cartilage during permeation at
various temperatures. All three temperatures exhibit the same permeation pattern of a sharp
increase in formamide concentration during the first 15 min of exposure followed by a gradual
increase until 180 min and then eventual plateau. At 37 °C, the initial uptake of formamide is
slightly steeper than at the lower temperatures of 4 and 22 °C. Table 1 lists the Fick’s law diffusion

coefficients for formamide that were determined in this work alongside previously determined

10
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diffusion coefficients for other CPAs for the sake of comparison. The diffusion coefficient at 37
°C is lower than at 22 °C despite the figure showing faster permeation at 37 °C. This observation
can be explained by the fact that the articular cartilage discs used for the 37 °C trials were on
average thinner than those used at 22 °C (1.5 mm versus 1.8 mm) and by noting that the rate of
permeation depends both on the diffusion coefficient and on the thickness of articular cartilage
discs. The thicknesses were taken into account during fitting, which resulted in a lower diffusion

coefficient at 37 °C.
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222 Figure 3. (a)—(c) Permeation of 6.5 M formamide into porcine articular cartilage at 4, 22, and 37
223 °C over 24 hours. The solid lines illustrate the Fick’s law fit using the diffusion coefficient that
224  minimized the sum of squared errors between the experimental data and the model. The insets
225  show formamide permeation during the first 60 min of exposure when the uptake is most rapid.
226  (d) Comparison of formamide permeation at different temperatures to illustrate the effect of
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temperature on permeation rate. The numerical values of the data in this figure are given in Table
228  S1 in the Supplementary Material.
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Table 1. Diffusion coefficients (m?/s) for formamide (this work) and other CPAs (previous work)
at three temperatures [1,23].

Temperature 4°C 22 °C 37°C

Formamide 2.7%x1071° 3.3x1071° 3.2x1071°
Me,SO 2.6 x 10710 3.1 x10710 5.7 x 10710
Ethylene glycol 2.0 x 10710 2.7 x 10710 42 x 10710
Glycerol 0.8 x 10710 1.8 x 10710 23 x10710
Propylene glycol 1.0 x 10710 2.1 x 10710 3.6 x 10710

Figure 4 shows the Arrhenius plot illustrating the temperature dependence of formamide’s
diffusion coefficient. The activation energy for formamide with standard error was found to be

E, = 0.9 % 0.6 kcal/mol. The prefactor for formamide was found to be A = 1.5079 X 1072 m?%/s.

=21
-21.5 1
— -'\
2 .
£ Ea= 0.9 + 0.6 kcal/mol
-22.5 1

'23 T T T T
0.0032 0.0033 0.0034 0.0035 0.0036

Inverse of temperature, T (1/K)

Figure 4. Arrhenius plot showing the temperature dependence of formamide’s diffusion
coefficient. Diffusion coefficients (D) were in units of m?/s.

Figure 5 shows the normalized weights of the articular cartilage discs during formamide

permeation at various temperatures. At all temperatures the weight initially drops upon exposure

13
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to formamide but quickly returns to its original value after 1 min. After this point, the weight
increases above its original value until reaching somewhat of a plateau. There appears to be no
significant difference in the weight change during formamide loading at different temperatures.
The numerical values of the weight data for formamide permeation shown in Figure 5 are given in

Table S2 in the Supplementary Material along with the weight data for Me>SO permeation.
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Figure 5. (a)—(c) Normalized weight (W, /W), ) of the articular cartilage discs during permeation of
6.5 M formamide at 4, 22, and 37 °C over 24 hours. The inset shows the normalized weight during
the first 60 min of exposure when the formamide uptake is most rapid. (d) Comparison of
normalized weight during formamide permeation at different temperatures. Error bars are omitted
from this panel to ensure readability. The numerical values of the data in this figure are given in
Table S2 in the Supplementary Material.

Figure 6 presents a comparison between the concentrations of Me2SO and formamide in
articular cartilage over different exposure times at 22 °C. The diffusion coefficient for Me>SO at

22 °C was found to be D = 2.4 x 10~1% m?%/s. Although both CPA solutions were 6.5 M, the final

15



262  concentration in the cartilage exposed to Me>SO was greater than that of the cartilage exposed to

263  formamide. We do not know the reason for this.
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266  Figure 6. Comparison of the permeation of 6.5 M Me>SO or 6.5 M formamide into porcine
267  articular cartilage at 22 °C. The solid lines illustrate the Fick’s law fit using the diffusion

268  coefficient that minimized the sum of squared errors between the experimental data and the
269  model. The inset shows Me>SO and formamide permeation during the first 60 min of exposure
270  when the uptake is most rapid.
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4. Discussion & Conclusion

Use of formamide in combination with other CPAs may be conducive to optimization of
vitrification protocols, particularly by reducing cytotoxicity [2,14,24]. By determining the precise
permeation kinetics of formamide, we can incorporate these results into future mathematical
modelling of combined CPA protocols. This mathematical modelling will allow for sufficient
formamide exposure during vitrification while minimizing its toxic effects. Previous
quantifications of CPA permeation kinetics have contributed to optimization of CPA loading time
for the vitrification of articular cartilage by Shardt et al. [30], and to successful vitrification of
intact human articular cartilage by Jomha et al. [22] and of both porcine and human articular

cartilage cubes by Wu et al. [38].

The results of this study yield diffusion coefficients (2.7-3.3 x 1071 m?/s depending on
temperature) and an activation energy (0.9 * 0.6 kcal/mol) for formamide permeation in porcine
articular cartilage. Diffusion coefficients for formamide permeation in porcine articular cartilage
reported herein complement previous data collected by our group for the permeation kinetics of
four other CPAs often used in current porcine articular cartilage vitrification protocols (Me>SO,
ethylene glycol, glycerol, propylene glycol) [23]. Secondary to this, the Me>SO diffusion
coefficient obtained in this work is slightly lower but still highly congruous with previous
experiments (2.4 X 1071% m?/s (current) compared to 3.0- 3.1 X 10719 m?/sand 3.5 X 1071 m%/s
(previous)) [1,23,31]. The discrepancy may be explained by the use of actual measured values for
articular cartilage disc thicknesses in the calculations for this work, rather than the approximated
2 mm that was used in the previous study. Our Me>SO diffusion coefficients are of the same order
of magnitude as diffusion coefficients for human articular cartilage obtained under different

conditions by Carsi et al. [10]. Due to the improved accuracy in articular cartilage disc thickness
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measurement along with successful reproduction of previously published experimental methods,

we have confidence in our results.

In addition to diffusion coefficients, the activation energy of formamide was also calculated
(E; = 0.9 £ 0.6 kcal/mol). The activation energy of formamide is lower than that of other CPAs
previously studied (Me>SO: E, = 3.9 £ 1.6 kcal/mol, ethylene glycol: E, = 3.8 + 0.7 kcal/mol,
glycerol: E, = 5.6 £ 1.2 kcal/mol, and propylene glycol: E, = 6.63 £ 0.04 kcal/mol) [1,23],
which indicates that the diffusion rate of formamide in porcine articular cartilage is less
temperature-dependent. With a precise formamide activation energy, we will be able to predict

permeation rates at all sub-zero temperatures involved in vitrification protocols.

A critical challenge in the vitrification of articular cartilage has been maximizing CPA
permeation to achieve optimal cryoprotective effects, while minimizing cytotoxicity from the high
concentrations of CPA required [2,14,24]. While previous studies have already accurately
determined the permeation kinetics of four common CPAs (Me2SO, ethylene glycol, glycerol, and
propylene glycol) [23,31], this study provides comprehensive data on formamide temperature-
dependent permeation kinetics, making it available for future mathematical modelling of
vitrification protocols alongside the aforementioned CPAs. Given evidence that formamide
interacts with other CPAs to reduce cytotoxicity (particularly Me>SO) [2,14,24], formamide
permeation kinetics will be a valuable tool for optimization of multi-CPA vitrification protocols

moving forward.
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The following tables contain the numerical values of data in the figures in the main text. In
addition, the weight data for Me>SO permeation are given only in the Supplementary Material and
not in the main text.

Table S1. Concentration of CPA in porcine articular cartilage + the standard deviation at each

temperature and time of exposure to 6.5 M CPA.

CPA Me>SO Formamide

Temperature 22 °C 4°C 22 °C 37 °C

ls 0 0 0 0

I min 095+£029M 1.38+0.19 M 1.34 +£0.28 M 1.44+028 M
2 min 1.64 £0.32 M 220031 M 211046 M 229+037M
5 min 270+ 0.63 M 2.62+0.09M 260+032M 343+042M
10 min 3.61£0.16 M 381+0.14M 392+ 036 M 4.02+029M
15 min 4.55+0.54 M 435+0.08M 474+032M 481+024 M
30 min 546+ 036 M 469+025M 492+0.15M 5.33+0.24M
60 min 6.01 £0.24 M 555+£0.19M 5.55+0.13 M 5.54+0.17M
120 min 6.33+0.16 M 591+£0.19M 5.88+0.11 M 570+ 0.14 M
180 min 6.42+0.16 M 566026 M 5.96 +0.03 M 5.87+0.19M
24 h 6.35+0.09 M 581+£0.18M 591+0.30M 587051 M
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Table S2. Normalized weight (W, /W) of porcine articular discs + the standard deviation at each

temperature and time of exposure to 6.5 M CPA.

CPA Me>SO Formamide

Temperature 22 °C 4°C 22 °C 37 °C

Is 0.960 £0.010 0.980 + 0.003 0.992 +0.002 0.989 £0.011
1 min 0.931+£0.017 1.004 £+ 0.002 1.000 + 0.005 0.995 + 0.006
2 min 0.907 £0.011 1.009 + 0.003 1.008 +£0.011 1.000 £0.015
5 min 0.900£0.010 1.012 £ 0.006 1.002 +£0.010 1.011 +0.009
10 min 0.889 £ 0.025 1.017 £ 0.004 1.014 £ 0.001 1.020 £ 0.019
15 min 0.900 £0.011 1.029 £ 0.006 1.017 £0.013 1.025 £0.034
30 min 0.914 £0.045 1.021 £0.002 1.017 £ 0.006 1.035+£0.016
60 min 0.998 +£0.034 1.036 £ 0.003 1.015+£0.023 1.033 £0.019
120 min 1.031 £0.022 1.026 £ 0.005 1.027 £0.016 1.032 £0.010
180 min 1.045 £ 0.008 1.037 £0.001 1.021 £0.017 1.021 £0.013
24 h 1.053 £ 0.004 1.031 £ 0.004 1.012 £0.047 1.031 £0.022




