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EFFECTS OF ENDOTOXIN ON SURVIVAL OF HYPERTRANSFUSED MICE
R.M. Vigneulle, Siegmund J. Baum '

Experimental Hematology Department, Armed Forces
Radiobiology Research Institute, Bethesda, MD 20814 USA.

Animal survival following an exposure to a midlethal radiation dose
usually depends on recovery of hemopoiesis. It is generally agreed
that bone marrow failure following irradiation results in the perturb-
ation of. granulocytopoiesis. The animal is at great risk for the
development of infections and consequently diminished capacity for
survival because of a reduction in functional granulocytes during this
first week or so after irradiation (1).

Administration of endotoxin as a single injection either before or
immediately after irradiation increases survival in mice (2-8), rats
(9), and canines (10-12). These studies indicated that the survival-
promoting effect tended to;ggiminish with increasing time following mid
lethal irradiation and at' 24 hours after midiethal irradiation
endotoxin had little beneficial effect. Tne improvement in survival
from endotoxin is a result of an increase in granulopoiesis™ in the
postirradiated animal: Both before and after irradiation endotoxin
accelerates myeloid recovery in mice (12-14) and canine (11,15). The
time of injection markedly influences the pattern of change in the
leukocyte counts. The most pronounced changes occur when the
endotoxin 1is geven up to 24 hours before and immediately after
irradiation. Besides endotoxin, substances such as leukogenerol (16)
and 19S globin fraction of serum (17.18) have been reported to
accelerate myeloid recovery postirradiation.

Since endotoxin stimulates granulocytopoiesis, this was believed to
underlie its ability to protect against postirradiation infections.
Tre production of CSF in jresponse to endotoxin might be the humpral
regulator of granulopoiesis as seen in endotoxin pretreated irradiated
mice. Therefore this was a property of endotoxin that was carefully
studied (19-21) as well as fhe cells of the monocyte-macrophage series
which appear to be responsible for protection against infection (22).
These studies demonstrated that the stimulation of granulocyte
recovery by endotoxin seems to- be mediated by its effect upon the
sites of production and/or release of such factors rather than
directly upon the granulocyte precursors.

Endotoxin injection elevates the number of cells forming granulocyte
colonies in vitro (23) as well as the concentration or factors in

-serum of mice (24) and rats (25) which stimulate growth of granulo~
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cytic colonies.

krytnroia suppression prior to irradiation reduces the demand for
erytnropoiesis in hypertransfused mice wrich may leave more stem cells
available ftor differentiation into nonerythroid lines (26-29).
rMoreover, other studies have demonstrated a decreased erythroid
capacity oy the reauction in CFU-k (30) and BFU-E (31) in hypertrans-
fused mice ana CFU-E but not 3FU-E in the exhypoxic mice (32).

Suppression of erytnropoiesis per 3e is not entirely responsible for
the improved recovery of tne wyeloid system postirradiation (33,34).
A 3ingle administi-ation of endotoxin shifts erythropoiesis from the
bone marrow to the spleen in erythroia suppressed mice. Endotoxin
inhipited erytnropoiesis in the bone marrow and stimulated it in the
spleen (35-37). The decrease of erythropoiesis from the bone marrow
vy endotoxin may be associated with an increased mobilization into the
olood of nematopoietic colony-furming cells (38). However, when mice
are subletnally irradiated and hypertransfused, an increase in
dranulopoiesis was demonstrated with endotoxin (23,2) or other
stimulatory factors (40).

It' a reduced erythropoiesis exists during and after lethal irradiation
and is followed by a stimulation for granulopoiesis, tnen granulopo-
iesis could be increased at a time wnen the postirragiated mouse is at
great risk for intection for lack of tunctional neutrophils. Tne
present investigation Jis concerned with the possibility that progeni-
tors of the granulocytic s3eries are further enhanced under these
circumstances by competing for tne early multipotent progenitors. We
nave approacned tnis question by evaluating #nether a single adminis-
tration of endotoxin leads to cnanges in the granulscyte compartment
inaicative of 1lmprovea myeloiad capacity as mnmeasured by survival
tollowing a iidlethal aose of cobalt-b(0 gamma rays to nypertransfused
mice in wnicn tne demand for erytnropoliesis is suppressed.

MATERIALS AND METHUDS

AnLviAL STRAINS AND HUSbANDKY. Male ana female BO6CBFy (C57Bl6 x CBA)F)
nybrid mice (cumberland Farms, Clinton, TN) 2-3 months of age, were
used. Tne mice were noused in plastic shoe box cages, five
experimental mice per cage, wayne Lab-Blox and hyperchlorinated tap
water were supplied ad libitum. Tne mice in the first three replicate
experiments were kept under the following controlled environmental
conditions in tne animal facility. Tne ambient room temperature was
maintained at 74°C with U45% relative humidity and an alternate 12-hour
lignt/dark cycle during tne observation period. During this time, the
mice were handled only when the <2ages were changed, twice weekly.
Animal survival was observed on a daily basis and all dead animals
were removed. The mire in the remaining three replicates reported.
nere were noused in different Qquarters under less controlled environ-
mental conditions during a transition period into a new animal
facility. Tne data nas been divided and treated separately to reflect
tne difference in envirommental conditins. Some of tne data has been
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pooled using valid -statistical limits and irerences made on these
means.

HYPERTRANSFUSION. Both male and female mice were exsanguinated under
ether anesthesia and the blood collected via the carotid artery into
isoton (azide free) with a trace quantity of heparin and the erytnro-
cytes were packed by centrifugation. The erythrocytes were washed in
greater than equivalent volumes of ice cold isoton and packed by
centrifugation. After the third blood cell washing procedure, tne
hematocrit of the packed erythrocytes was measured and, if necessary,
adjusted to 65% -with ice cold puffered saline. Groups of female mice
were injected intraperitoneally with 1 ml of packed erythrocytes on 2
consecutive days. We observed that hematocrits of mice rendered
plethoric by this procedure were 60% or greater for periods of 7-12
days following hypertransfusion. Erythroid suppression was confirmed
2-3 days following hypertransfusion by’ the disappearance of reticulo-
cytes from the peripheral blood.

EXPERIMENTAL DESIGN. The female mice were divided into four treatment
groups: 1) irradiated mice given saline i.p.; II) irradiated mice
given 10 ug endotoxin i.p. (Lipopolysaccharide Salmoneslla typhimurium,
lot 1, List Biologicals, -Ca); III) plethoric irradiated mice given
saline 1.p.; and IV) pletnoric irradiated mice given 10 ug e=ndotoxin
i.p. tither saline or endotoxin was given i.p. immediately following
irradiation. Groups of plethoric mice and normal mice were bilater-

.ally irragiated with 8.5, 9.0, 10.0 or 10.5 gray of cobalt-60 gamma

rays in the AFRRI facility at a dose rate of 0.4 gray per minute.
Eacn treatment group for each radiation dose used had at least five
animals. The experiment was replicated three times under controlled
environmental conditions and three times under less controlled
environmental conditions. The data sets are presented separately
since, although the hypertransfusion, radiation exposure, and
endotoxin preparations were equal, the difference in the environmental
factors after treatment resulted in noticeably different survival in
the combined treatment groups at each radiation dose. Since esach data
set is composed of three experiments under similar environmental
conditions, the data within each treatment group was pooled and
comparisons were made between these groups of pooled data. The
complete experiment had a total of 40 mice for each of the four
treatment groups at doses of 8.5, 9.0, and 9.5 gray. Tne total mice
in the 10.0 and 10.5 gray dose groups were, respectively, 15 and 5,
for each of the four treatment groups. The survival data are plotted
as a function of days postirradiation through day 40, the end of our
observation period. The log-rank test of Savage {(41) was used to
assess statistical significance for the survival data.

HEMATOLOGY AND HemATOPOIETIC CkLL STUDIES. Some additional experi-
ments were designed to evaluate the effect of 9.0 gray of cobalt-60
gamma rays on tne hematnpoietic cell precursors and peripheral blood
hematology of the treatment groups during their early observation
period. This was performed in order to assess the effect of the
respective treatments in the plethoric mouse model. The data from

¥
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tnese stugies will pe used to demonstrate the eftectiveness of treat-
ment on nematopoiesis. Tnese findings willi de correlat=a witn tnose
from mortailty studies.

PerIPnbRAL BLOOD HEMATULOUY. Peripheral bplood samples were obtainea
by Dleeding tne mouse [rom tne retroorpital venous plexus using a
neparinized hematocrit tupe. Hematocrit, RBC and wBC were determined
by conventional methods. hBC and woC were counted using 2 Coulter
Counter Model «ol. RBU were lysea from tne Wbl counting sample using
zapoglobin, Hematocrits were getermined from tne first capillary tube
of' blooa taken and centrituged in an Adams Autoerit [I.

RESULTS

Figure 1 snows survival 1is radiation dose-dependent in the range
3.5-9.5 gray. Tne survival for tne hypertransfused mice irradiated
and given endotoxin, the combinea treatment group, is significantly
greater than that found tor the other treatment Jroups at 5.5 and 9.0
Zray. Survival of tne ccmbinea treatment group is statistically
significant from those groups of pletnoric mice which were irradiated
ana given saline, and from those groups of irraagiated mice given
saline, and from those groups of irradiated mice given endotoxin (0.01
> P >0.001). At the nighest radiation dose shown (9.5 gray), tne
magnitude of improvament in survival for the combined treatment group
15 less compared to irradiatea mice given saline tnan observed during
the 40 days after either 3.5 or 9.0 gray. No increase in survival was
founa for the combined treatment group at 10.0 and 10.5 gray (data not
shown). These data show that 10 ug of lipopolysaccharide endotoxin
administered i.p. immediately after irradiation in nonhypertranstused
mice was less etfective tnan when given to the nypertranstused mice.
At 9.0 gray this eftect was reduc=2a. At 40 days after 3.0 gray, ob%
survival was found in tne compined treatiment zZroup as comparad to 27%
survival in the enaotoxin treatment group and less tnan 10% survival
1n tne otner treatment gZroups.

Figure 2 snows tne ratid> of survival for each of tne treatment groups
to tae survival of the y.0 gray lrradiated group plus saline at 30 and
4) qays after irradiation. Tae bar grapn of tne ratios cl=arly
illustrate tne ettectiveness of tne combined treatment 1n Lasreasing
survival at this ragiation dose at 30 days (9.6), the usual terminus
of tne mortality associated witn acute nematopoietic failure and at a
later time, 40 days (8.2). The compined treatment group was 2.3 and
2.5 times as eftective in improving survival as compared to the endo-
toxin treatment group at day 30 and 40, respectively. Horeover, no
increase in survival 1s apparent tor hypertransfusec mice which were
irradiated and received a saline injeccion i.p. in lieu of endotoxin.

Tne environmental conditions under wnich the animals are xept during
tne observations perioa following Iirradiation can result in. large
differences in survival, including the combined treatment gZroup. This
is the case as seen for tne second data set, replicates U6 (Fig 3).
Tne survival curve for tne combined treatment group shows an increase

=252~
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FIGURE 1
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Acute survival curves of mice for data set 1, replicates 1-3, for the
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Irradiation plus 10 ug endotoxin, open squares; Hypertransfused,

{rradisted plus saline, open triangles; dypertransfused,
plus 10 ug endotoxin (combined treatment), open diamonds.
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FIGURE 2
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{RRADIATION + SALINE
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IRRADIATED GROUP SUSRVIVAL

Histogram of ratio of survival of each treatment group to the 9.0 Gray
irradiation group survival at ddy 30 and day 40 after irradiation.
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Acute survival curves for mice for data set 2, replicates 4-6, shows
survival for mice kept wunder different environment conditions than
survival curves presented in Fig 1. The &4 treatments and symbols ire
comparable to that descrived in Fig 1. The combined treatment group
symbole is the open diamond.
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received each of the & creatments described
time (days) following lIrradiattion. The
symbol {s the open diamond.
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IoAiimAal Survivii time Lorcougn day 272 as compar=d Lo tne otner treate
ment  groups. NUwever, under tne apparently adverse environmental
conditions G'(J.sth.,z a\x. g the recovery periocd, recovery is not
complete since little or no Increas2 1n survival i1s demonstrated for
the comdined tr»a ment  groudp  atter ay 22. Tnese data indicate that
poor environmental conditions subjected mice to increased chances for
infectisn and ecrease:l tne capability ’"or‘ recovery of tnese animais
aven wnen receiving Cne comoinad treatment. Tn2se data suggest tnat
wne  nealtn 0P whe  aninals  (presumably  intection) during these
replicats experiments was Ciear.:y altered relative to these wnicn are

()

.,'

reportel wnorig V. ross contamination of eitner the pa«.xad red blood
cell preparation »ooamadotoxin oand saline solutions was rulsd out
tarougn routine culture and mlcr‘ooial screening. some of tne
post-mortum uata ‘e"'n' from a smail sample of dead animais wnich,

when tound were ComPpeS2d, A1d not indicate any unusual findings
regardlng  tne  cause 3 Jeatn of the oomblned  treatment  group  as
Cowpared Lo the otner treatment groups that was not attriputed to
raaiation induced (es51ons. kO antlblotics were aaministered to any of
Lnese groups of mice belore cor alter tne irradiztion.

PlSule 4 3noWS JQdta 1or msl, wel, nematocrits, and spiean weignts for
groups of mice Ulredted accoording th tne same protocol and sacrificed
at 1, 3, 7, o. 10, 11, 32, 13, i4, and ¢ days tollowing 9.0 gray of
irraaiation. Tre REC and nematocrits. are significantly elevateg
initialiy in toe nypertransrused mice and following irradiation remain
aoove the level ooserved in irradiated mice or irradiited mice given
engotoxin.  Tne number of 2rytarocytes in normal and nypertranstused
groups  off  mice  wnicn  «ers given  engotoxin  immediately after
irraalaticn 1S greater  tnan compa"abla groups  given  sallne,
respectiveliy. wbe  and . welgnt values decrease until their
indiviaual nadir 1s reacned. These groups of normal mice or hyper-
transfusea mice wWhicn r‘eceived endotoxin demonstrated a smaller
decllne in woC and spleen wei 'nt at day 1 as compared to the groups of
normal ang nypertranstused mice which were irradiated and received
saline. hecovery of wbl am: i2en welgnt values begins concomitantly
altnough these ramatars uJ not rerlsct the effectiveness of tne
comuined treatment group as aepicted by survival.

h
vl2er

(n
ho]

DISCUSSION

It is clearly established that endotoxin of various kinds and dosages
given immediately after irradiation increases survival in mice (4,12).
Tne data we nave reported nere are in agresment witn those earlier
studies. In adgaition, our new observation shows tnat survival can be
furtner increased wnen endotoxin 1is administered to hypetransfused
aice. Tre magnitude of tne increase in survival is gamma raaiation
aose dependent tor the comdbined treatment group.

Plethcr. induced in animals nas been shown to increase hematopoietic
progenitor cells (CFU-3, GM-CFC, BFU-E) in both bone marrow and
spleen, altnougn tne erythroid cormitted cell, the CrU-E and 59fe
incorporation were markedly reguced in the bone marrow and were
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moderately reduced in the spleen (30,31). Pletnora irduced 1n mice
prior to these midletnal doses of gamma radiation seems to have
increased tne number of uncommitted cells in the hematopoietic stem
cell pool. This suggests that a larger concentratica of uncommitted
progenitor anasor precursor cells are available for differentiation
into nonerytnroid cell lines due to tne reduced demand for erythnro-
polesis. Aitnougn the expansion of the uncommitted progenitor pool
made additinnal precursor cells availeble for differentiation and
amplification into the granulocytic series, data of ine present study
demonstrates that tnis can only be acnhieved oy further indirect
stimuadation of endotoxin for these cells.

Hypertransfusion 1is altering some regulatory aspect of tne hemato-
poietic cell compartment possibly “including’ the--microenvironment in
order that granulocytopoiesis in nypertransfused mice could recover =~ 7T
more rapidiy trom subletnal radiation induced bone marrow depression

(27,34). Tne survival results agre2e with the suggestion that

suppressed erythroociesis seems not tc be entirely responsible for the

wmproved recovery ot the myeloid system after irradiation (19,33,34).

Altnough mice were rendered pletnoric before midietnal irradiation in

order tnat they could begin with an expanded pool of myeloblasts,

promyelocytes, and myelocytes (34), endotoxin appears to be essential

to promote survival 'in this investigation eitner as a stimulus for

proliferation of myeloid cell compartment and/or 3as an inhibitor of

erythroid cell compartment in tne bone marrow.

Additional stress of adverse environmental conditions for the second
data set shows the limited capacity of tne recovery of the h2mato-
poietic compartment to resist secondary infections during the acute
survival interval following these midlethal Joses. This suzgests that
although the combinea treatment may be potentially bpeneficial to
animal survival, otner measures including antibiotics would be
necassary to support experimental animals subjected to poor environ-
mental conditions during the first few weeks postirradiation.

SUMMARY

The survival of hypetransfuseqd BoChFy female mice 2xposed to 3.5 ang
9.0 gray of cobalt-o0 gamma rays and immediately given 10 ug af endo-
toxin i.p. was signiricantly increased compared to either irradiated
mice which were given endotoxin or to hypertransfused and normal mice
that naad been comparably irradiated and were given saline 1i.p.
Animals whicn received the combinel treatment (hypertransfusion,
irradiation plus endotoxin) had increased swvival compared to tne
other treatment groups at day 30 or at day ¥ under controlled
environmental conditions, but not when tne recovery occurred under
less controlled environmental conditions. Hypertransfused mice have
greatly expanded pools of uncommitted progenitor amd myeloid precursor
cells which apparently are unstimulated. After irradiation, when
tnese pools were stimulated by endotoxin, gramulocytopoiesis was
ennanced which resulted in an increase in animal survival.
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