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Abstract

Introduction: The current study explored the radio-protective property of
y-linolenic acid (GLA) in C57BL/6) mice against low linear energy transfer
jonizing radiation (IR; X-rays) and its modulatory effect on the production of
lipid mediators such as prostaglandin E, (PGE2), leukotriene E, and lipoxin A,
(LXA4) in mice plasma.

Methods: The effect of GLA pre-treatment on radiation induced inflamma-
tion was assessed by estimating plasma levels of high mobility group box 1
protein (HMGB1), TMOP/NO and various anti-oxidant enzymes.

Results: y-linolenic acid pre-treated mice exposed to lethal IR dose (7.5 Gy)
showed a decrease in plasma levels of HMGB1, PGE2 and LXA4 and a fall in
TMOP/NO ratio and improvement in anti-oxidant enzymes: catalase, glutathi-
one transferase and glutathione peroxidase compared to IR mice, suggesting
that GLA suppresses IR-induced inflammation and restores the pro- vs. anti-
oxidant ratio to near normal, which could explain its radioprotective action.
Conclusions: GLA showed radioprotective action.

Key words: y-linolenic acid, ionizing radiation, lipid mediators, inflammation,
anti-oxidant enzymes.

Irradiation is known to induce the release of arachidonic acid (AA) and
other polyunsaturated fatty acids (PUFAs) from the cell membrane lipid
pool by activating phospholipase A, (PLA2) [1]. The released AA and other
PUFAs (especially y-linolenic acid (GLA), dihomo-GLA (DGLA), eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA)) can be converted
to their respective metabolites such as pro-inflammatory prostaglandins
(PGs), leukotrienes (LTs) and thromboxanes (TXs) and anti-inflammatory
lipoxins, resolvins, protectins and maresins. Prostaglandins, LTs and TXs
formed from AA are believed to be principally pro-inflammatory in nature
whereas PGs, LTs and TXs derived from EPA are less pro-inflammatory
(e.g. prostaglandin E, (PGE2) > prostaglandin E, (PGE3)). Paradoxically,
AA can also form a precursor to potent anti-inflammatory lipoxin A,
(LXA4), EPA to resolvins of E series and DHA to resolvins of D series,
protectins and maresins. In addition, DGLA forms a precursor to anti-in-
flammatory prostaglandin E, (PGE1) [2-7].
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Previous studies revealed that GLA and its de-
rivative PGE1 protect mouse hematopoietic stem
cells and human lymphocytes from damage due to
ionizing radiation and chemicals both in vitro and
in vivo [8-14]. But the exact mechanism by which
these cytoprotective and genoprotective actions
are brought about is not known. Since PUFAs can
form precursors to both pro- and anti-inflammato-
ry metabolites, we hypothesized that treatment or
supplementation of GLA and other PUFAs may en-
hance the formation of anti-inflammatory products
that may be responsible for the radio-protective
action shown by GLA in these studies. It is likely
that protection of tissues from radiation-induced
damage can occur only if there is an adequate in-
flammatory response to start with to trigger kick
starting of the cytoprotective process [15-18]. Some
of these molecules that are involved in the inflam-
matory process and subsequent resolution of in-
flammation, repair and restoration of homeostasis
are bioactive lipids such as PGs, LTs, TXs, lipoxins,
resolvins, protectins and maresin and pro- and anti-
inflammatory cytokines, lipid peroxides and free
radicals. In order to understand their role in injury
and recovery, itisimportant to measure their plasma
and tissue concentrations at various stages of ra-
diation-induced inflammation and resolution. Such
an understanding of the fragile balance (homeosta-
sis) between pro-inflammatory and pro-resolution
molecules needs to be established post-irradiation
so as to ensure the survival of the organism, which
is indeed the main aim of developing successful ra-
dio-protective measures with minimal side-effects.
The current study was designed to explore a time-
based response of lipid mediators (both pro- and
anti-inflammatory) against lethal ionizing radiation
within the acute phase. The maintenance of ho-
meostasis is also looked at by analyzing the ratios
of various lipid mediators to gain an insight into
the cyclo-oxygenase (COX) and lipoxygenase (LOX)
mechanisms that are likely to be modulated by
GLA. In the present study, we performed studies
only with GLA since our previous studies revealed
that of all the PUFAs tested GLA is the most effec-
tive lipid against radiation-induced damage [8-14].

Methods. y-linolenic acid used in the study was
procured from Cayman Chemical Company, Michi-
gan, USA. The other necessary chemicals and re-
agents were procured from SRL Pvt. Ltd., India.

The current study was carried out using 8-10-
week old C57BL/6) female mice procured from the
National Institute of Nutrition (Hyderabad, India).
The animals were maintained at 25 +2°C with
a 12 h dark and 12 h light cycle. Animals weighing
around 18-20 g were segregated into four groups
containing 12 animals each for survival stud-
ies: controls treated with 0.02% ethanol in PBS,
the GLA group receiving only GLA 100 pg/kg body
weight as i.p. injections, the irradiation (IR) group
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treated with 0.02% ethanol in PBS and receiving
7.5 Gy, and GLA + IR group animals pre-treated
with GLA (100 pg/kg) at 48 h, 24 h and 1 h prior to
receiving radiation. Animals were maintained with
access to standard mice pellet feed (Nutrimix,
Nurivet Life Sciences, Pune) and received water ad
libitum. Separate sets of animals were segregated
into four groups: control, GLA, IR and GLA + IR with
6 animals in each group for different time points
including day 1, day 3, day 7 and day 14 to study
the antioxidant status and ELISA. The study was
approved by the Institutional Animal Ethical Com-
mittee.

Animals (in cages restrained with fiber mesh)
were subjected to total body irradiation with a lethal
dose of 7.5 Gy (X-rays) using CLINAC IX (Varian Med-
ical Systems India Pvt. Ltd.) at a dose rate 1 Gy/min.

Radio-protective efficacy of GLA (100 pg/kg) was
studied upon pre-treatment with GLA at 48 h, 24 h
and 1 h prior to exposure of animals to a lethal
dose of X-rays by performing 30-day survival assay.
Death of animals was observed on a daily basis,
twice a day. Survival was expressed as a percentage
over a 30-day period in a Kaplan-Meier survival plot.

Control animals and those irradiated with or
without GLA were euthanized at the end of dif-
ferent time periods day 1, day 3, day 7 and day
14 after radiation exposure. Blood was collected
by cardiac puncture, plasma was separated from
blood of mice collected in tubes coated with EDTA
followed by centrifugation at 2500 g and stored
at =80°C until analyzed. The levels of high mobil-
ity group box 1 protein (HMGB1) (201205), PGE2
(514010) and leukotriene E4 (LTE4) (520411) were
measured using ELISA kits from Cayman Chemi-
cal Company, Michigan, USA and lipoxin A4 (EA45,
Oxford Biomedical Research Company, MI, USA)
as per the manufacturer’s instructions.

Plasma collected from animals (as mentioned
above) was used for the estimation of antioxi-
dant enzymes: catalase, superoxide dismutase,
glutathione-S-transferase, glutathione peroxidase
as described previously [19]. Lipid peroxides as
malondialdehyde (MDA) formed on reaction with
thiobarbituric acid (TBA) and nitric oxide (NO)
measured as nitrite formed using Griess reagent
were both estimated in the supernatant as de-
scribed previously [19].

Experiments were performed at least twice in
triplicate to ensure the repeatability of the results
obtained. Data analysis was performed using
the paired t-test using the MS Excel statistical anal-
ysis tool. All values are expressed as mean + SEM.

Results. Control and GLA treatment (100 ug/kg)
did not induce any mortality in C57BL/6J female
mice over the 30-day period observed. GLA + IR
treated animals showed significantly increased
survival (83.3% against 16.7%) compared to the IR
group (Figure 1 A).
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Treatment with GLA caused an initial signifi-
cant increase in HMGB1 levels on days 1 and 3 and
on days 7 and 14 the levels were still higher com-
pared to control but were much lower compared
to those seen on days 1 and 3. Irradiation caused
a significant increase (p < 0.001) in HMGBL levels
at all time periods (days 1, 3, 7 and 14) post-irra-
diation compared to the control but the pattern
was very similar to those treated with GLA alone
(much larger increase on days 1 and 3 and much
smaller increase on days 7 and 14). However,
GLA + IR animals exhibited significantly low lev-
els of HMGB1 compared to IR at all time periods
(Figure 1 B) but the pattern again was very similar
to that seen with GLA and irradiation treatments.
These results suggest that irradiation produces
a significant increase in plasma HMGBI1 levels
on all days examined with much higher spikes on
days 1 and 3 that declined by days 7 and 14 but
remained higher than the control values.

y-linolenic acid treated animals exhibited low
levels of PGE2 compared to control. However, ir-
radiated animals showed significantly (p < 0.001)
high levels of PGE2 compared to control at all time
periods. Conversely, GLA + IR animals had signifi-
cantly (p < 0.001) low levels of PGE2 compared to
IR at all time periods (Figure 1 C) but higher com-
pared to the control.

y-linolenic acid treated animals had signifi-
cantly (p < 0.001) higher levels of LTE4 com-
pared to the control at all time periods with
the highest peaks on day 1 and day 14 with
slightly lower plateau values on days 7 and 14.
Surprisingly, irradiated animals showed val-
ues that were almost equal to those seen in
the control, whereas IR + GLA animals showed
values that were almost equal to those seen
in the GLA alone treated group on day 1, much
higher values on day 7 compared to all other
groups, and again much lower values equiv-
alent to those seen in the control group by
day 14. On day 14, IR animals exhibited signifi-
cantly (p < 0.001) low levels of LTE4 compared
with the control. y-linolenic acid + IR animals
showed a significant increase in LTE4 levels com-
pared to IR at all the time periods (Figure 1 D).

Animals treated with GLA, irradiation and
GLA + irradiation showed consistently higher val-
ues on all days except that on day 7, in GLA treat-
ed animals the levels were similar to those seen in
the control (Figure 1 E). y-linolenic acid treated an-
imals showed a significant (p < 0.001) increase in
plasma LXA4 levels on day 1 and 14. lonizing radi-
ation also caused a significant (p < 0.001) increase
in plasma LXA4 levels at all time points. y-linolenic
acid + IR animals had significantly (p < 0.001) low
levels of LXA4 on days 3, 7 and 14 compared to IR
(Figure 1 E).

Since under physiological conditions one would
expect a delicate balance between pro- and anti-
inflammatory bioactive lipids, we next examined
the ratio between LTE4 and LXA4, PGE2 + LTE4 vs.
LXA4 and LTE4 : LXA4/PGE2.

y-linolenic acid treated animals exhibited a sig-
nificantly (p < 0.01) high LTE,/LXA, ratio at all time
points with much higher peaks seen on days 1 and
14, whereas there was a significant (p < 0.01) fall
in the ratio in IR animals from day 1 to day 14 and
on all these days the values were consistently low-
er compared to GLA and GLA + IR treated animals.
y-linolenic acid + IR animals showed an increased
LTE4/LXA4 ratio on day 1 and day 7 and subse-
quently returned to normal by day 14 (Figure 2 A).
These results suggest that irradiation suppresses
the production of LTE4 whereas GLA alone and
GLA + irradiation treatment produce a significant
increase in LTE4/LXA4 ratio.

The GLA group showed an increased (p < 0.01)
(PGE2 + LTE4)/LXA4 ratio on day 1 and day 14 com-
pared to the control. Irradiated animals showed
anincreased (p < 0.01) (PGE2 + LTE4)/LXA4 ratio on
day 1, day 3 and day 7 (day 7 > day 3 > day 1) com-
pared to the control and eventually it was restored
to normal levels on day 14. y-linolenic acid + IR
showed a similar trend to that of IR, but there was
a significant (p < 0.01) decrease in (PGE2 + LTE4)/
LXA4 ratio on day 7 and day 14 compared with IR
(Figure 2 B).

y-linolenic acid treated animals displayed
a significant (p < 0.01) increase in (LTE4 : LXA4)/
PGE2 ratio at all time points compared to the
control whereas IR animals displayed a signifi-
cantly (p < 0.01) decreased (LTE4 : LXA4)/PGE2
ratio at all time points compared to the control
with peak values on day 1. It can be seen that
LTE4 : LXA4/PGE2 ratio is almost running parallel
between GLA and GLA + IR treated groups except
that the values are much higher in the GLA treat-
ed group. y-linolenic acid + IR animals exhibited
an initial increase in (LTE4 : LXA4)/PGE2 ratio on
day 1 compared to the control and IR but even-
tually it was restored to control levels by day
14 (Figure 2 C).

y-linolenic acid treatment did not lead to any
significant changes in TMOP/NO ratio at any
of the time points studied. It can be seen that
IR animals displayed a significant (p < 0.01) in-
crease in TMOP/NO ratio at all time points;
whereas, a gradual yet significant (p < 0.01) de-
crease was observed in GLA + IR animals from
day 1to day 14 compared to IR and it was restored
to normal on day 14. Activities of the anti-oxidant
enzymes catalase, GST and GPx which showed
a significant decrease in irradiated animals revert-
ed to normal by day 14 in GLA + IR-treated animals
(Table I).
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Figure 1. Survival in C57 BL/6) female mice. A — Mice pre-treated with 100 ug/kg y-linolenic acid (GLA) at 48, 24 and
1 h prior to irradiation and subjected to total body irradiation of 7.5 Gy (at 1 Gy/min). Values (n = 12) expressed as
% survival. B-E — Estimation of high mobility group box 1 protein (HMGB1) and polyunsaturated fatty acid (PUFA)
metabolites by ELISA. Mice were pre-treated with 100 ug/kg GLA at 48, 24 and 1 h prior to irradiation and were
subjected to total body irradiation of 7.5 Gy (at 1 Gy/min) and plasma was obtained on day 1, day 3, day 7 and
day 14 post-irradiation and estimated for (B) HMGB1, (C) prostaglandin E, (PGE2), (D) leukotriene E, (LTE4) and
(E) lipoxin A, (LXA4) by ELISA method. All the values are expressed as mean + SEM (n = 6). Statistical significance
was calculated using t-test and p-value (< 0.001) is represented as *< when compared to control, GLA and irradi-

ation (IR) alone respectively

Discussion. The improved survival seen in
GLA + IR treatment compared to the IR group at-
tests to the fact that GLA is protective against ion-
izing radiation (Figure 1 A).

Irradiation is known to produce significant in-
flammation. This is supported by the observation
that animals exposed to lethal irradiation (7.5 Gy)
produced a significant increase in plasma HMGB1
and PGE2 levels on all days studied in the pres-
ent study. Both HMGB1 and PGE2 are known to
be pro-inflammatory molecules. In contrast, plas-
ma LTE4, which is also a known pro-inflammatory
molecule, concentrations were consistently low
compared to the control on all the days studied

(Figure 1 D). These results are interesting, since
previous studies showed that LTE4 possesses
radioprotective action though it is much less
effective compared to LTA4 and LTC4 [20-22]
(Figure 3). Hence, it can be deduced from the re-
sults of the present study that the reduced levels
of LTE4 may be responsible for the radiation-in-
duced damage and mortality noted. The bene-
ficial action of GLA in enhancing the survival
of irradiation treated animals could be attribut-
ed to increased plasma levels of LTE4 noted in
the GLA + irradiation treated animals since LTE4
has radioprotective actions. Since LTE4 is princi-
pally derived from AA whereas GLA is its precur-
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Figure 2. Ratio of polyunsaturated fatty acid (PUFA) metabolites in mice plasma: A — leukotriene E, (LTE4)/lipoxin A,
(LXA4), B — (prostaglandin E, (PGE2) + LTE4)/LXA4 and C — (LTE4 : LXA4)/PGE2. All the values are expressed
as mean + SEM (n = 6). Statistical significance was calculated using the t-test and p-value (< 0.01) is represented
as *»< compared to control, y-linolenic acid and irradiation alone respectively

C - control, GLA —y-linolenic acid, IR — irradiation.

sor, it stands to reason to suggest that the ad-
ministered GLA is elongated and desaturated to
form AA that, in turn, is utilized to form increased
amounts of LTE4 (from LTA4 that is initially formed
from AA; Figure 3).

In this context, it is noteworthy that PGE2,
which is also known to be a pro-inflammatory
molecule derived from AA, has also been shown
to possess radioprotective actions [23-28]. In
the present study, it was observed that plasma
PGE2 concentrations were elevated significantly
from day 1 to day 14 in the irradiated group and
GLA + irradiation groups compared to the control
(irradiation group > GLA + irradiation; Figure 1 C).
These results suggest that elevated plasma PGE2
levels may be a protective mechanism against ra-
diation induced damage. Elevation in the plasma
levels of PGE2 induced by GLA administration may
be responsible for the increase in the survival of ra-
diation-exposed animals (Figure 1 A). Thus, chang-
es in LTE4 and PGE2 levels induced by GLA treat-
ment may be responsible for the beneficial action
of GLA seen in the present study. It is interesting
that pro-inflammatory molecules LTE4 and PGE2
are elevated in response to radiation and following
GLA treatments and are responsible for the radio-
protective action of GLA. This apparent paradoxi-
cal action can be attributed to the possibility that
under some specific conditions PGE2 may serve

as an anti-inflammatory compound and enhance
the repair process and tissue regeneration [29-31].
It has been shown that blocking 15-PGDH (15-pros-
taglandin dehydrogenase) enzyme increases
the half-life of PGE2 that results in enhancement
in tissue regeneration and repair in the bone mar-
row, colon, and liver [31]. These results imply that
perhaps an increase in the plasma levels of PGE2
due to radiation and GLA administration could be
an attempt on the part of the body to augment he-
patic, bone marrow and colon regeneration/repair,
tissues that are commonly affected during radia-
tion exposure and suppress inflammation. This is
supported by the observation that HMGB1, a po-
tent pro-inflammatory molecule, which showed
significant elevation in its plasma levels of day 1,
showed a persistent and consistent decrease in its
concentration on days 3, 7, and 14. This suggests
that despite an elevation in the levels of PGE2 and
LTE4, which are considered as pro-inflammato-
ry molecules, they may, in fact, function as anti-
inflammatory molecules under some very specific
conditions, and hence a gradual and persistent de-
crease in HMGBL levels was noted in the present
study (Figure 1 B). Thus, the elevations in the plas-
ma levels of LTE4 and PGE2 noted in the present
study in response to radiation and GLA treatments
could be considered as radioprotective measures
on the part of the body.
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Table I. Estimation of antioxidant enzymes, lipid peroxides and NO in C57BL6/) female mice plasma. Values (n = 6)
expressed as mean = SEM. Significance was calculated using paired t-test. **<p < 0.01 when compared with control,

y-linolenic acid and irradiation respectively

Group TMOP/NO SOD [units/ Catalase [uM H,0,/ GPX [uM/min/ GST [uM/min/
ratio mg protein] min/g protein] g protein] g protein]
Day1 Control 0.38 £0.01 8.46 £0.11 45.51 +6.78 440.39 +6.00 0.69 +0.05
GLA 0.42 £0.02 9.44 £0.112 36.74 +5.88 463.21 £3.20° 0.17 £0.032
IR 0.88 +0.02*® 7.07 £0.322° 53.78 £12.09 486.12 +5.16*° 0.29 +0.032®
GLA + IR 0.71 £0.022b¢ 3.75 +£0.542b¢ 123.00 +15.022b< 324.50 +10.312¢ 0.50 +0.042<
Day 3 Control 0.48 £0.03 10.36 £0.27 139.90 +5.69 5045.54 £1072.74 0.27 £0.02
GLA 0.48 £0.02 10.93 £0.39 150.61 +6.14 2300.51 £81.972 0.71 £0.02°
IR 0.88 +0.012° 10.15 +0.59 52.99 +0.742> 2582.70 £312.40* 0.32 +0.03°
GLA+IR  0.77 £0.02*®  14.23 +0.542P¢ 115.43 £18.82¢ 2848.60 +118.88¢ 0.55 +0.03°¢
Day 7 Control 0.41 £0.01 4.96 +0.25 172.95 £5.23 2041 +231.70 0.14 £0.02
GLA 0.34 £0.03 15.28 +0.31*0 128.77 £8.35° 2406 £54.73 0.28 £0.03®
IR 0.77 £0.0320 11.63 +0.73° 321.89 +13.332b 3134 +200.36*° 0.58 +0.09*°
GLA+IR  0.52 +0.01b¢ 9.58 +0.472b¢ 205.51 +18.362b¢ 3458.99 £126.06¢ 0.62 +0.03®
Day 14 Control 0.14 +0.01 22.25 +1.98 259.99 £17.48 142.36 £16.95 2.96 +0.11
GLA 0.22 +0.04 5.7 £0.26* 226.76 +31.8 89.26 +3.71° 1.38 £0.08*
IR 0.32 +0.004°  28.93 +0.942° 118.48 +22.372° 44 +6.09>° 1.06 +0.09>°
GLA+ IR 0.19 +0.01¢ 17.83 £0.73%b< 344.58 £55.02%b¢ 148.41 +16.71°¢ 2.09 +0.18%b<

GLA - v-linolenic acid, IR — irradiation.

Arachidonic acid also forms a precursor to the
potent anti-inflammatory metabolite LXA4. Since
protection of tissues from radiation-induced dam-
age needs anti-inflammatory events, we investi-
gated whether there are significant alterations in
the production of LXA4 in the present study in re-
sponse to radiation and GLA treatment. As shown
in the Figure 1 E, it is evident that plasma LXA4
levels were persistently elevated in GLA alone, ra-
diation and GLA + radiation treated animals. Lipo-
xin A4 levels were very similar at all time points
(within the groups) measured in GLA, GLA + radia-
tion and control groups though the levels were sig-
nificantly different among the groups (Figure 1 E).
It is noteworthy that GLA alone treatment pro-
duced a significant increase in the plasma lev-
els of LXA4 compared to the control and other
groups with the highest peaks on day 3 and day
14 (day 3 > day 14), while a significant dip in their
levels was seen on day 1 and day 7 compared to
the increases seen on days 3 and 14. It is notewor-
thy that the plasma levels of LXA4 were almost
the same on day 1 and day 7 in the GLA alone treat-
ed group yet are significantly elevated compared
to the control and other groups. On close examina-
tion of the data, it is evident that there is a recip-
rocal relationship among plasma LTE4, PGE2 and
LXA4 levels (Figures 1 C-E). It is noteworthy that

whenever LTE4 levels are elevated there is a de-
crease in PGE2 levels and vice versa (Figures 1 C, D).
For instance, on day 1 there was a significant in-
crease in plasma LTE4 levels ~1000 pg/ml whereas
plasma PGE2 levels ~300 pg/ml were comparatively
low; on day 3, LTE4 levels were low but PGE2 lev-
els were high; on day 7, LTE4 level were elevated to
600 pg/ml but were still much lower compared
to PGE2 levels of 1000 pg/ml; and on day 14, LTE4
levels were ~200 pg/ml compared to PGE2 500 pg/
ml. In a similar fashion, there is a inverse relation-
ship in the plasma levels of LTE4 and LXA4 and
asimilar relationship is seen between plasma PGE2
and LXA4 levels (Figures 1 C—E). This suggests that
there is a sort of a cyclical and inverse relationship
among plasma LTE4, PGE2 and LXA4 levels. Since
PGE2, LTE4 and LXA4 are all derived from the same
precursor AA, this is an interesting observation
implying that AA metabolism to form its pro- and
anti-inflammatory metabolites is closely, tightly
and finely tuned based on the necessity. Based on
these results, it can be argued that there needs
to be adequate inflammation to trigger the res-
olution process and this calls for an inverse and
cyclical relationship observed in the plasma levels
of PGE2/LTE4/LXA4 in the present study. Since GLA
is able to mimic this natural process of an inverse
and cyclical relationship among PGE2/LTE4/LXA4
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Figure 3. Scheme showing metabolism of arachidonic acid and various metabolites formed from it

levels, it is able to improve the survival of lethal-
ly irradiated animals in the present study. This is
well brought out in Figure 2 wherein we calcu-
lated the ratios between LTE4/LXA4 (Figure 2 A);
PGE2 + LTE4/LXA4 (Figure 2 B) and LTE4-LXA4/
PGE2 (Figure 2 C). These calculations show that on
day 1thereis anincrease in pro-inflammatory mol-
ecules that were significantly decreased by day 3;
an increase in their ratios occurred again on day 7
and fell by day 14 to the same level seen on day 3.
These results suggest that there is a need for

an optimal inflammatory process to set in so that
resolution of inflammation can be triggered. Since
persistently elevated plasma/tissue PGE2 lev-
els are needed to potentiate tissue regeneration,
this may explain the elevated plasma PGE2 lev-
els observed on all days of the study (Figure 1 C).
Our recent study showed that administration
of LXA4, a potent anti-inflammatory metabolite
of AA, failed to show any radio-protection (un-
published data), once again emphasizing the fact
that an optimal amount of initial inflammation is
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needed to trigger resolution of inflammation and
tissue regeneration. In view of this, it is suggested
that perhaps cyclical and alternate administration
of pro- and anti-inflammatory molecules is needed
to protect against radiation and other lethal tissue
injuries as seen in sepsis.
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