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1. Materials and methods:

1.1 In vivo study designs

Supplementary Table 1: Details of groups, animal numbers in treatment groups and primary outcomes for behavioural experiments

Experiment Group size Timeline of
D perim Study type Groups Aft behavioural Primary behavioural outcomes
escription Initial er
nitia exclusion assessment
Acute DHA Naive/ Sham/ DHA/ Vehicle/ D1, D3, D5, D7, W2,
BBB regimen Pregabalin TOMDTSIONE | 1OBHSRA2 W3, W4, W5, W6 Locomotor functional recover
Delayed DHA | Naive/ Sham/ DHA/ Vehicle/ 10/10/15/15/12 | 10/10/14/14/12 D1, D3, D5, D7, W2, y
regimen Pregabalin W3, W4, W5, W6, W7
Acut(_e DHA Naive/ Sham/ DHA/ Vehicle/ 10/10/15/15/12 | 10/9/15/14/12 | W2, W3, W4, W5, W6 Bra|n§tem response (Il_ck_mg
. regimen Pregabalin guarding, biting, vocalizing,
A GTEETENIEE] jumping) in response to static
IS BN De'rzy?g];HA Native) Shp""r’E/ a%';'lﬁ]’ vehicle! | 10105512 | 10101141412 | W2 ‘\’/VV% \\’/VV‘; WS, | mechanical stimulus applied at the
g g ’ level of the injury
Below—lgvel Acut(_a DHA Naive/ Sham/ DHA/ Vehicle/ 10/10/15/15/12 | 10/9/15/14/12 | W2, W3, W4, W5, W6 Hind-paw Wlthdra_vval thresh_old in
mechanical regimen Pregabalin response to static mechanical
hypersensitivity Delayed DHA | Naive/ Sham/ DHA/ Vehicle/ W2, W3, W4, W5, stimulus applied on the later plantar
(spinal reflex) regimen Pregabalin Hlisianian | At W6, W7 surface of the foot
Below-level Acute DHA | Naive/ Sham/ DHAJVehiclel | 41015115112 | 10/9/15/14/12 | W2, W3, W4, W5, W6 Brainstem response (licking
mechanical regimen Pregabalin guarding, biting, vocalizing,
. . . jumping) in response to static
(bgﬁsetfri”igs“’gzs . pelayed DAA | Naivel Stam/ DRAVVENICIET | 101015115712 | 00/ | W2 V1% WEWS: | mechanical stimulus applied at the
b g g ’ lateral plantar surface of the foot
Acute DHA | Naive/ Sham/ DHI.A/ Vehiclel | 0571512 | 100915714112 | w2, w3, wa, wis, we .
Burrowing regimen _ Pregabalin _ Grams of dlspgaced gravel from the
Delaye_:d DHA | Naive/ Sham/ DHA/ Vehicle/ 10/10/15/15/12 | 10/10/14/14/12 W2, W3, W4, W5, urrows
regimen Pregabalin W6, W7
Acute DHA | Nallve/ Shiam/ DRATVENICle! | 1010115115112 | 10/9/15/14/12 W6 _ .
PEAP regimen _ Pregabalin _ Frequency (_)f c;ossnr:g to and time
Acute DHA | Naive/ Sham/ DHA/Vehiclel | 410151517 | 10/10/14/14/12 W7 spentin the white zone
regimen Pregabalin




Delayed DHA

Naive/ Sham/ DHA/ Vehicle/

X . 10/10/15/15/12 | 10/9/15/14/12 W6 . .
Thigmotaxis regimen _ Pregabalin _ Frequepcy of crossing and time
Del_ayed Naive/ Sham/ DHA/ Vehicle/ 10/10/15/15/12 | 10/10/14/14/12 W7 spent in the virtual inner zone
regimen Pregabalin

D — Days post-injury / W — Weeks post-injury.




Supplementary Table 2: Major domains of good laboratory practice to minimise the effects of

experimental bias.

Description of procedures

Sample Size e Group size was determined by sample size estimation for each experiment using
Calculation SigmaStat Version 3.5 (ANOVA sample size, desired power = 0.8, alpha = 0.05).
o Effect sizes for estimation were derived from our previous studies (see below
Table S3).
Inclusion and e In experiments for at-level brainstem response, rats that developed a decrease in
Exclusion Criteria the withdrawal threshold less than 70% from baselines were excluded.

e For burrowing, rats that burrowed less than 500 g during training and at baselines
were excluded. For PEAP, rats that spend less than 20% time in the white zone
were excluded.

e For locomotor recovery, rats which scored 2 or more points on the BBB scale at
day 0 post-injury were excluded. Rats that did not reach a point of 9 on the BBB
scale by day 14 were also excluded. All rats excluded from BBB assessment were
also excluded for Horizontal ladder and Burrowing tests.

Randomization e Animals were randomly assigned to sham, SCI vehicle-treatment, or SCI DHA-
treatment groups using random allocation software [10].
Allocation e The person performing SCl/sham surgeries and administering
Concealment DHA/Pregabalin/vehicle was unaware of the allocation to treatment group*.
e This was achieved by the blinding procedure described below.
Reporting of ¢ Rats showing marked behavioural changes, exudates around wound, or sensitivity
Animals Excluded to palpitation on handling attributable to surgery, drug, dosing procedure,
from Analysis infection from surgery were excluded.

¢ Rats with significant surgical complications or whose general health deteriorates

were excluded.

¢ Any rat which showed a surgery-related weight of loss equal to more than 25% of

the body weight pre-injury was excluded.

e The details of the number of excluded animals and the reason for exclusion are

stated in Supplementary Table 1.

Blinding procedures | e Codes were assigned to different treatments by an independent person and kept in
a sealed envelope. The codes were not broken until the analysis had been
completed.

e The experimenter was ‘blinded’ to the treatments received and had no knowledge
of the experimental group to which an animal was randomized.

Animal exclusion: In the acute DHA regimen study, the following animals were excluded/culled: 1x
sham-operated due to fluid build-up under the surgical incision and 1x vehicle-treated rat due to non-
injury/surgically related fluid build-up in the lungs; In the delayed DHA regimen study the following

animals were excluded/culled: 1x DHA-treated rat due to non-injury/surgically related foot wound and



1x vehicle-treated rat due to non-injury/surgically related swollen and blocked gut. All conditions were

reported to the animal facility vets and NACWO and registered with the Home Office.

Supplementary Table 3: Sample size estimation.

Sample size 15

Difference in means | 19

Standard deviation 17.1

Number of groups 5

Power 0.80

Alpha 0.05

Based on Figure 7B (Baastrup et al., 2010, Pain 151:670-79)

1.2. Locomotor functional recovery

The recovery in the locomotor function of the rats following SCI was assessed by the commonly
employed open field BBB scale [1]. Briefly, the BBB scoring scale used exclusively for the assessment
of rat locomotor recovery, ranged between 0-21 points depending on the movements that the animal is
able to perform, zero being complete paralysis and 21 for normal walking. A milestone in the rat’s
locomotor recovery is the score of 9 when it is able to support its body weight using its hind limbs, but
still without having the ability to step. A score of 14 is another milestone in the functional recovery, when

the rat is able to step in a coordinated manner.

Prior to surgeries the rats were acclimatized to a circular non-slip open field arena with 100 cm diameter
and 60 cm height for three consecutive days and then baselines were taken. Each animal was allowed to

5



walk freely in the arena for 4 minutes, while two observers assessed the rat’s joint movements and
walking abilities, and took notes of the performance in pre-designed BBB scoring template sheets.
Following SCI surgeries hind limb paralysis was confirmed for each animal after its recovery from
anesthesia. BBB assessment was performed at days 1, 3, 5, 7 after injury and weekly thereafter until the
end of the studies. Analysis of the recorded scores were performed blindly by another member of the

laboratory group in reference to the BBB scale descriptions [1].

1.3. Greiss assay

In order to measure the release of nitrite in the medium of microglia cells activated with LPS or receiving
LPS plus simultaneous or delayed DHA treatment, we performed a Greiss assay, as described previously
[11]. Briefly, following treatments the medium in which the cells were incubated for the particular
duration of time was collected in sterile Eppendorf tubes and stored at -80°C. Greiss assay reagents were
prepared as follows: Greiss reagent A (1% sulphanilamide (1mg; Sigma, UK) in 5% orthophosphoric
acid (100 ml; Sigma, UK); Greiss reagent B (0.1% naphthylethylenediamine (100 mg; Sigma, UK) and
5% orthophosphoric acid (100 ml; Sigma, UK). Stock solution of 1 mM sodium nitrite (Na-NOz, 69.00
g/mol) was prepared by dissolving 0.345 mg sodium nitrate (Sigma, UK) in 5 ml serum free DMEM
media. Standard curve of sodium nitrite from 0-100 uM was prepared in base media. The media samples
were defrosted. Standard curve and test sample were aliquoted in 100 pl triplicates into a 96-well plate.
The Greiss reagent A and B were mixed in a 1:1 ration and 100 pl were added to each well. The samples
were immediately quantified for change in absorbance at 544 nm using the Galaxy Fluorstar

spectrophotometer (BMG Labtech, UK).

2. Supplementary results:

2.1. DHA treatment regimens result in improved locomotor functional recovery



The neuroprotective effects of DHA and its potential to improve locomotor functional recovery in
different animal models of SCI, such as the static compression model, have been previously reported [4;
5; 8]. Thus, we used the BBB locomotor scale, as described in the literature [5; 7] to follow up the
locomotor functional recovery of the rats with SCI. During the baseline measures, rats from different
experimental groups obtained a score of 21 in accordance to the BBB scale (Supplementary Fig. 1a-b),
reflecting on their unimpaired locomotor abilities. Following surgeries, rats with SCI developed
significant locomotor disability in comparison to the naive and sham operated animals, which was
evident by marked reductions in the BBB scores in a range between 0 and 2 points in the first 3 days
(Supplementary Fig. la-b). The locomotor deficits of SCI rats receiving vehicle treatment were
continuous through the duration of both studies. Our analysis showed that there was a significant main
effect of treatment on the BBB scores by the acute DHA treatment regimen (F,27=40.52, p=0.000012,
two-way repeated-measures ANOVA), in which animals receiving DHA treatment significantly
improved their BBB scores (i.e. more than 2 scores) when compared to those of SCI rats treated with
vehicle, from week 2 post-surgery onwards (Supplementary Fig. 1a). We also found a significant main
effect of time on the BBB scores (Fs,216=1196.44, p=0.0000001) and a significant treatment with time
interaction (Fs216)=9.52, p=0.0011). In order to provide evidence that the improved locomotor recovery
following SCI of the rats treated with DHA is a result of the neuroprotective properties of the compound,
we collected spinal cord longitudinal sections from naive, SCI vehicle-treated, and SCI DHA-treated rats
and performed an immunostaining against GFAP and Laminin (an extracellular matrix marker), in order
to assess the lesion cavity appearance. We demonstrated that the lesion cavities of rats that were given
the acute DHA regimen appeared to be smaller than those of SCI rats treated with vehicle and the

accumulation of laminin around the injury site also appeared to be reduced (Supplementary Fig. 7b, c).

We also assessed whether the delayed DHA treatment regimen would have an effect on the locomotor

recovery of rats with SCI. Two-way repeated-measures ANOVA showed significant main effects of
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treatment (F(1,26)=13.75, p=0.001) and time (F3,78=60.89, p=0.000057) on the BBB scores by the delayed
DHA treatment regimen. Moreover, the analysis showed a significant treatment with time interaction
(F(3,78=10.99, p=0.0017). We found that delayed DHA treatment led to significant improvement of
locomotor functional recovery of SCI rats in weeks 6 and 7 post-surgery, when compared to that of
vehicle-treated SCI rats (Supplementary Fig. 1b; p=0.0001, Tukey—Kramer post hoc). Our
immunohistochemistry of GFAP and laminin staining did not show that there appeared to be any
differences in the lesion cavity size of rats receiving delayed DHA treatment and rats receiving vehicle

treatment following SCI surgeries (Supplementary Fig. 7d, e).

2.2. Effects of locomotor functions on complex pain-related outcome measures

We used BBB locomotor scale to monitor the hindlimb locomotor function on a weekly basis from week
2 post-surgery throughout the two DHA treatment regimen studies. We found that the locomotor
functional recovery is in line with the ability of animals to enter the burrows. We observed that at week
2 post-surgery in the acute regimen study, vehicle-treated SCI rats already achieved occasional weight-
supported plantar stepping, and continued to improve with frequent to consistent weight-supported
plantar stepping from week 3 onwards; whilst DHA-treated SCI rats already achieved frequent to
consistent weight-supported plantar stepping at week 2 (Supplementary Fig. 1). In the delayed regimen
study, all SCI rats reached occasional weight-supported plantar stepping at week 2 and frequent to
consistent weight-supported plantar stepping from week 3 onwards (Supplementary Fig. 1). Therefore,
the locomotor recoveries from both regimen studies allowed all SCI rats from week 2 onwards to enter
the burrows without difficulty and we found that SCI rats used both forepaws and hindpaws to displace
gravels. For thigmotaxis and PEAP, all SCI rats achieved consistent weight-supported stepping at week

6 or week 7, therefore they can readily explore the open field arena and white/black zones.



2.3. DHA significantly decreases the activation of astrocytes in vitro and in vivo

We also investigated the effects of DHA on astrocyte activation. DHA (0.8 uM) was found as the most
efficacious in reducing GFAP-expression (F.68=44.25, p=0.00045, one-way ANOVA; Supplementary
Fig. 4b) in cultured astrocytes co-treated with LPS and DHA for 4 hours; DHA also preserved non-
reactive morphology (Supplementary Fig. 5). With qPCR, we showed that MRNA expression of iNOS,
TNF-a, IL-1p, and IL-6 in cultured astrocytes was significantly reduced by DHA when compared to
control (co-treatment with LPS/DHA: p=0.0009-0.0021; pre-activation with LPS followed by DHA

treatment: p=0.0010-0.0054; t-tests in R; Supplementary Fig. 6).

With immunohistochemistry, we then elucidated that GFAP immunoreactivity in the dorsal horns and
ACC was significantly reduced by systemic DHA treatments compared to vehicle-control [acute
regimen: L5 (p=0.00017, Supplementary Fig. 7Ai-iii), lesion site (p=0.00036, Supplementary Fig. 7Bi-
iii), ACC (p=0.00091, Supplementary Fig. 7Ci-iii); delayed regimen: L5 (p=0.0035, Fig. Supplementary
Fig. 7Di-iii), lesion site (p=0.00019, Supplementary Fig. 7Ei-iii), ACC (p=0.0038, Supplementary Fig.

7Fi-iii); Mann—Whitney test].



Supplementary Figures:
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Supplementary Fig. 1. Effects of systemic DHA treatment on locomotor function recoveries. BBB

locomotor assessment revealed that: (a) DHA treatment administered systemically every 3 days starting

30 minutes post-surgery (acute administration) significantly improved the locomotor functional

recoveries of SCI rats between week 2 and week 6, when compared to those of the vehicle-treated group.
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(b) DHA treatment administered systemically every 3 days starting 4 weeks post-surgery (chronic
administration) improved the functional recoveries of SCI rats in week 6 and week 7, when compared to
those of the vehicle-treated group. Each value is the mean + SEM. N= 10-15 per treatment group. Two-
way repeated-measures ANOVA was used to determine the main effects of treatment (DHA vs vehicle)
and time (weekly). Statistical significance of the differences between the groups was determined by one-

way ANOVA followed by Tukey—Kramer post hoc test at each week point; ***p<0.001 vs vehicle.
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Supplementary Fig. 2
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Supplementary Fig. 2. The effect of systemic DHA treatment on the frequency of entry in the
virtual inner zone during the assessment of thigmotactic behaviour at week 6 and week 7. (a) The
number of entries to the virtual inner zone of SCI rats at week 6 post-surgery was markedly decreased,
when compared to that of the naive group. DHA treatment in SCI rats commencing 30 minutes post-
surgery and continued every 3 days thereafter for 6 weeks, significantly increased the frequency of
crossing into the inner zone, when compared to that of vehicle-treated SCI rats. (b) SCI rats at week 7

post-injury crossed the virtual inner zone significantly fewer times than naive rats. Delayed DHA
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treatment in SCI rats administered 4 weeks post-surgery and its continued administration every 3 days
thereafter for 4 weeks, significantly increased the frequency of entries into the inner zone, when
compared to that of vehicle-treated SCI rats. Data are presented as the mean + SEM. N=10-15 per
treatment group. One-way ANOVA and Tukey—Kramer post hoc test were used for statistical analysis;

*p<0.05, **p<0.01, or ***p<0.001 vs vehicle.
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Supplementary Fig. 3. The effect of systemic DHA treatment on the number of crossing to the white
zone of the PEAP box at week 6 and week 7. (a) The number of crossings to the white zone of the
PEAP box of SCI rats at week 6 post-surgery was significantly increased, when compared to that of the
naive group. DHA treatment administered acutely post-surgery, significantly decreased the frequency of
crossing into the white zone of the arena, when compared to that of vehicle-treated SCI rats. (b) The
frequency of crossing of SCI rats into the white zone of the PEAP box at week 7 was notably increased
when compared to that of naive rats. Delayed systemic DHA treatment significantly decreased the

number of entries of SCI-rats into the white zone, when compared to that of vehicle-treated SCI rats.
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Data are presented as the mean + SEM. N=10-15 per treatment group. One-way ANOVA Tukey—Kramer

post hoc test were used for statistical analysis; *p<0.05, **p<0.01, ***p<0.001 vs vehicle.
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Supplementary Fig. 4
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Supplementary Fig. 4. Analysis of the optimal concentration of DHA for modulation of LPS-
induced microglial and astrocyte activation in vitro. (a) Microglial cell cultures treated with 10 pg/ml

LPS over a period of 4 hours had a significantly higher percentage of microglia expressing iNOS

compared to that of control cultures. Simultaneous treatment with DHA at four different concentrations

revealed that 0.8 uM DHA had the highest efficacy in reducing the number of iINOS-positive microglia.
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(b) Cultures treated with 10 ug/ml LPS for 4 hours had a significantly higher number GFAP
immunoreactive astrocytes, when compared to control astrocyte cultures. Treatment with DHA at
concentration of 0.8 uM applied simultaneously during the 4 hours of LPS exposure, significantly
reduced the GFAP immunoreactivity of the astrocytes, when compared to that of LPS treated only
astrocyte cultures. Data are presented as the mean + SEM. N=3 biological replicates/n=9 technical
replicates per treatment group. One-way ANOVA and Tukey—Kramer post hoc test were used for
statistical analysis; *p<0.05, **p<0.01, ***p<0.001 vs LPS + 0.8 uM DHA. ***p<0.001of LPS vs

control or LPS + 0.8 uM DHA.
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Supplementary Fig. 5

Simultaneous DHA treatment in vitro

Delayed DHA treatment in vitro

Supplementary Fig. 5. DHA attenuates LPS-induced astrocytes activation in vitro. Phase-contrast
live images of (a) control astrocytes, (b) LPS-treated astrocytes, and (c) astrocytes treated with 0.8 uM
DHA during simultaneous exposure to LPS for 4 hours revealed that DHA treatment led to the
preservation of the non-reactive morphology of astrocytes manifested in the control cultures,
characterized by slender cell processes and small cell bodies. Fluorescent images of (d) control, (e) LPS-
treated, and (f) astrocytes treated with 0.8 uM DHA simultaneously during 4 hours of LPS stimulation,

showed that DHA treatment reduced the high GFAP staining intensity of astrocytes (indicator of their
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activation) seen in LPS-treated astrocyte cultures. Bright field live images of (g) control, (h) LPS-treated,
and (i) pre-activated for 4 hours with LPS astrocytes, which received a delayed DHA treatment at the
concentration of 0.8 uM for 4 additional hours post-activation, demonstrated that DHA markedly
reversed the LPS-induced activated morphology of astrocytes nearly to that of control cells. Fluorescent
images of (j) control, (k) LPS-treated, and (I) DHA-treated pre-exposed to LPS astrocytes revealed that
0.8 uM DHA treatment reduced the high GFAP staining intensity seen in the LPS-treated astrocyte

cultures.
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Supplementary Fig. 6. In vitro DHA treatment of LPS-activated astrocytes significantly decreased

the relative mMRNA expressions of proinflammatory mediators. Analysis of the gRT-PCR results for

INOS, TNF-a, IL-1f3 and IL-6 mRNA expression levels demonstrated that: (a-d) simultaneous treatment

of the astrocytes with 0.8 uM DHA while exposed to LPS for 4 hours led to a significant reduction in the

relative expressions of these proinflammatory genes, when compared to their expressions in astrocyte

cultures stimulated with LPS only; (e-h) delayed treatment of astrocytes with 0.8 uM DHA following 4

hours of pre-treatment with LPS also significantly lowered the relative expressions of proinflammatory

genes, when compared to astrocyte cultures stimulated with LPS only.
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Supplementary Fig. 7: The effects of systemic DHA treatments on astrocyte activation. The acute
regimen significantly decreased astrocyte activation (morphology/GFAP intensity) in dorsal horns (DH)
of L5 (Ag-iii)) and epicenter (Bgsiiy) levels and the ACC (Ciiii)), comparing to vehicle treatment. The
delayed regimen also reduced astrocyte activation in L5 dorsal horns (Dyiii)), lesion site dorsal horns (E-
i), and ACC (Fiii), in contrast to that of vehicle-treated rats. N=5-6 per group. Mann—Whitney test
was used for statistical analysis. (G) is a schematic drawing of the lesion site segment from where lesion

site DHs were analyzed for GFAP staining. *p<0.05, **p<0.01, ***p<0.001 vs vehicle.
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Supplementary Fig. 8

DHA treatment starting 30 min post SCI DHA treatment starting week 4 post SCI
Naive Vehicle DHA Vehicle DHA

23



Supplementary Fig. 8. Lesion cavities at week 6 and week 7 following SCI in vivo. Representative
fluorescent images of 15 mm spinal cord segments containing the lesion cavity stained with GFAP (red)
and laminin (green) revealed that: (a) Naive spinal cord is lacking laminin staining due to the absence of
lesion cavity and the staining intensity of GFAP is very low due to the absence of astrocyte activation in
the healthy cord. (b) The lesion cavity at week 6 of SCI rats receiving vehicle treatment is evident from
the pronounced accumulation of astrocytes (GFAP) and extracellular matrix (laminin) around the injury
site. (c) Intravenous DHA treatment administered 30 minutes following SCI surgery and every 3 days
thereafter until the end of the study, appeared to reduce the cavity size after the injury and the
accumulation of astrocytes and extracellular matrix around the site of impact. (d) The lesion cavity at
week 7 of SCI rats receiving vehicle treatment seemed similar to that of vehicle-treated SCI rat at week
6. (e) Chronic administration of DHA treatment did not appear to reduce the cavity size as compared to

that of the vehicle-treated group. N=2 per treatment group.
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Supplementary Fig. 9

DHA treatment starting 30 min post SCI
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Supplementary Fig. 9. The effects of systemic DHA treatment on SCI-induced microgliosis at the
lesion site of SCI rats at week 6 and week 7 post-surgery. DHA treatment administered 30 minutes
following SCI and every 3 days thereafter significantly reduced the expression of pp-38 by microglial
cells (b&c) and significantly decreased the number of CD11b/c and ED9 double-positive microglial cells
per mg spinal cord tissue (e&f), when compared to those of vehicle-treated SCI rat (a&c and d&f).
Similarly, DHA treatment administered 4 weeks following SCI and every 3 days thereafter, significantly
reduced the expression of pp-38 by microglial cells (b&c) and significantly decreased the number of
CD11b/c and ED9 double-positive microglial cells (e&f), when compared to those of vehicle-treated SCI
rats (a&c and d&f). Data are presented as the mean + SEM; N=4-5 per treatment group. Wilcoxon-Mann-
Whitney and unpaired student’s t-test were used for statistical analysis. The bottom panel is a schematic
drawing of the lesion site segment from where lesion site DHs were analyzed for GFAP staining.

*p<0.05, **p<0.01, ***p<0.001 vs vehicle.
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Supplementary Discussion

The intravenous dose of FFA DHA used in the current studies is 250 nmol/kg in a volume of 5 ml/kg. If
assuming the average body weight of young adult rats is 250 g, then the concentration of DHA in the
injected bolus solution is 62.5 uM. We do not know how this injected FFA DHA concentration would
be translated into the plasma FFA DHA concentration and how long this plasma DHA concentration
would last. A recent study conducted in humans showed that repeated weekly 4-hour intravenous infusion
of omega-3 fatty acids (fish oil formulation) including DHA led to significantly increased FFA DHA
levels in the plasma (7-fold post-infusion verse pre-infusion) after the first infusion, which was highly
repeatable across each of the later infusions up to 24 weeks [3]. We expect that the plasma FFA DHA
concentration in our studies would have significantly increased after the first intravenous injection, and
this increase would have been maintained across each of the later injections (every 3 days). Future studies
are needed to investigate the pharmacokinetic studies for DHA, which is beyond the scope of the current

studies.

We injected a bolus of FFA DHA solution at 62.5 uM as stated above. We do not know the exact
percentage of this 62.5 uM DHA that would have reached the brain and spinal cord; that would require
further investigations that are beyond the scope of the current studies. It has been demonstrated in the
literature that <1% of radiolabelled omega-6 arachidonic acid, when given intravenously, reached rat
brains (with an intact blood-brain barrier) [6]. It has also been shown that about 1% of radiolabelled DHA
was found to be incorporated in rat brain lipids after an intravenous infusion [9]. Therefore, by analogy,
it is likely that in our studies a small proportion of the injected FFA DHA entered the CNS and was
incorporated rapidly in phospholipids (may be higher than 1%, considering the blood-brain barrier is

compromised following spinal cord injury). If assuming 1% of injected FFA DHA reached the CNS, the

27



concentration of incorporated FFA DHA in the CNS would be around 0.625 uM. The FFA DHA in brain
has been reported to be as low as 1.3 uM [2]. Therefore, the assumed 0.625 uM concentration of DHA
is likely to remain in a physiological range and should be also compatible with the affinity of this fatty
acid for targets such as ion channels and RXR receptors, which may be activated by FFA DHA [7]. In
our in vitro experiments, we examined 0.8, 4, and 8 uM FFA DHA concentrations, and found that DHA
at all three concentrations was able to reduce microglial and astrocyte activation (Supplementary Fig. 4),
with 0.8 uM being found as the optimal concentration. Therefore, the in vivo FFA DHA concentration

in the CNS as assumed above would be in line with the in vitro concentrations used in the current studies.

Based on the findings from the human study involving repeated weekly intravenous infusion of omega-
3 fatty acids including DHA as discussed above [3], we would expect that following the initial bolus FFA
DHA injection in our studies, the FFA DHA levels in the plasma would have increased more than 7-fold,
which was seen with the human study. This is because the human study used emulsion form of omega-3
fatty acids which would require an extra step of hydrolysis to release FFA DHA. We would also expect
that a peak plasma concentration would have been reached very quickly after each intravenous injection,
as previous evidence showed that about 1% of the dose of radiolabelled DHA injected intravenously was
found in the rat brain 15 minutes after the injection. Future studies would need to establish the
concentration range of DHA in the plasma including the peak plasma concentration following one DHA
injection and before the next injection. In our studies, we used a repeated intravenous administration
regime, i.e. every 3-day intervals, which would be a favourable regime in patients in the acute and
subacute periods after SCI. We would anticipate that our regime would have maintained a constant
plasma supply of FFA DHA to be incorporated into the CNS at a physiological range as discussed above.

It is important to note that only FFA DHA in the plasma would be able to cross the blood-brain barrier
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and reach the CNS, so that CNS cells such as neurons, microglia and astrocytes can take up FFA DHA

using general FFA uptake mechanisms or via receptor binding [3].

Supplementary references:

[1] Basso DM, Beattie MS, Bresnahan JC. Graded histological and locomotor outcomes after spinal cord
contusion using the NYU weight-drop device versus transection. Experimental neurology
1996;139(2):244-256.

[2] Contreras MA, Greiner RS, Chang MC, Myers CS, Salem N, Jr., Rapoport SI. Nutritional deprivation
of alpha-linolenic acid decreases but does not abolish turnover and availability of unacylated
docosahexaenoic acid and docosahexaenoyl-CoA in rat brain. J Neurochem 2000;75(6):2392-2400.

[3] Eltweri AM, Thomas AL, Fisk HL, Arshad A, Calder PC, Dennison AR, Bowrey DJ. Plasma and
erythrocyte uptake of omega-3 fatty acids from an intravenous fish oil based lipid emulsion in
patients with advanced oesophagogastric cancer. Clin Nutr 2017;36(3):768-774.

[4] Hall JC, Priestley JV, Perry VH, Michael-Titus AT. Docosahexaenoic acid, but not eicosapentaenoic
acid, reduces the early inflammatory response following compression spinal cord injury in the rat. J
Neurochem 2012;121(5):738-750.

[5] Huang WL, King VR, Curran OE, Dyall SC, Ward RE, Lal N, Priestley JV, Michael-Titus AT. A
combination of intravenous and dietary docosahexaenoic acid significantly improves outcome after
spinal cord injury. Brain 2007;130(Pt 11):3004-3019.

[6] Jones CR, Arai T, Bell JM, Rapoport Sl. Preferential in vivo incorporation of [3H]arachidonic acid
from blood in rat brain synaptosomal fractions before and after cholinergic stimulation. J Neurochem
1996;67(2):822-8209.

[7] King VR, Huang WL, Dyall SC, Curran OE, Priestley JV, Michael-Titus AT. Omega-3 fatty acids
improve recovery, whereas omega-6 fatty acids worsen outcome, after spinal cord injury in the adult

rat. J Neurosci 2006;26(17):4672-4680.

29



[8] Liu ZH, Yip PK, Adams L, Davies M, Lee JW, Michael GJ, Priestley JV, Michael-Titus AT. A Single
Bolus of Docosahexaenoic Acid Promotes Neuroplastic Changes in the Innervation of Spinal Cord
Interneurons and Motor Neurons and Improves Functional Recovery after Spinal Cord Injury. J
Neurosci 2015;35(37):12733-12752.

[9] Rapoport SI, Chang MC, Spector AA. Delivery and turnover of plasma-derived essential PUFAS in
mammalian brain. J Lipid Res 2001;42(5):678-685.

[10] Saghaei M. Random allocation software for parallel group randomized trials. BMC Med Res
Methodol 2004;4:26.

[11] Varone A, Knight D, Lesage S, Vollrath F, Rajnicek AM, Huang W. The potential of Antheraea

pernyi silk for spinal cord repair. Sci Rep 2017;7(1):13790.

30



	ARRIVE Checklist_Huang_15June
	PAIN-D-19-00177R1 suppl material

	Text1: Title page
	Text2: Main text Page 1
	Text3: Main text Page 2-3


Main text
Page 3
	Text5: Main text Page 3
	Text6: Main text Page 4
	Text7: Suppl. M&M:
    Pages 2-3

     Page 4

     Pages 2-3

Main text 
      Fig. 1

	Text8: 

Main text:
   Pages 4-8


   Pages 4-8

   Pages 4-8

   Pages 4-8
	Text9: Main text:
   Page 4


   Page 4

	Text10: Main text:

   Page 4


   Page 4


   Page 4
	Text11: Suppl. M&M:
   Pages 2-3

   Page 5

Main text: 
    Page 4
	Text12: Suppl. M&M:
   Page 4
	Text13: Suppl. M&M:
   Page 4
	Text14: Main text:
   Pages15-16
	Text15: Main text:
  Pages 17-22
  Figs. 1-4
Suppl. M&M:
   Pages 7-26;   
	Text16: Suppl. M&M:
   Pages 2-4
Suppl. M&M:
   Page 4
	Text17: Main text:
  Pages 17-25
  Figs. 1-9
Suppl. M&M:
  Pages 7-26
	Text18: Suppl. M&M:
   Page 4
N/A
	Text19: Main text:
  Pages 26-30


  Pages 29-30

 
  N/A
	Text20: Main text:
  Pages 29-30
	Text21: Main text:   
    Page 31


