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Factor sinfluencing adver se skin responsesin ratsreceiving repeated sub-
cutaneousinjections and potential impact on neurobehavior

S. Nikki Levoe', Brenna M. Flannery?, Laurie Brignolo? Denise M. Imai®, Amanda K oehne®, Adam
T. Austin®, Donald A. Bruun®, Daniel J. Tancredi* and Pamela J. Lein®

'Department of Molecular Biosciencé&ampus Veterinary Service§omparative Pathology Laboratory, School of
Veterinary Medicine, University of California-DayiBavis, CA, 95616, USA, an“cﬂ)epartment of Pediatrics, School of
Medicine, University of California-Davis Medical 6&r, Sacramento, CA, 95817, USA

Abstract

Repeated subcutaneous (s.c.) injection is a common route of administration in chronic studies of
neur oactive compounds. However, in a pilot study we noted a significant incidence of skin ab-
normalities in adult male L ong-Evans rats receiving daily s.c. injections of peanut oil (1.0 mi/kg)
in the subscapular region for 21 d. Histopathological analyses of the lesions wer e consistent with a
foreign body reaction. Subsequent studies were conducted to determine factors that influenced
the incidence or severity of skin abnormalities, and whether these adverse skin reactions influ-
enced a specific neurobehavioral outcome. Rats injected daily for 21 d with food grade peanut oil
had an earlier onset and greater incidence of skin abnormalities relative to rats recelving an
equal volume (1.0 mi/kg/d) of reagent gradepeanut oil or triglyceride of coconut oil. Skin abnor-
malities in animals injected daily with peanut oil were increased in animals housed on corncob
versus paper bedding. Comparison of animals obtained from different barrier facilities exposed
to the same injection paradigm (reagent grade peanut oil, 1.0 ml/kg/d s.c.) revealed significant
differencesin the severity of skin abnormalities. However, animals from different barrier facili-
ties did not perform differently in a Pavlovian fear conditioning task. Collectively, these data
suggest that environmental factors influence the incidence and severity of skin abnormalities fol-
lowing repeated s.c. injections, but that these adver se skin responses do not significantly influence
performancein at least onetest of learning and memory.

Keywords: adverse skin reaction, foreign body reaction, liegrand memory, neurobehavior, peanut oil, sub@das
injection
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| ntroduction late central nervous system function via stresseuro-
endocrine signals [2,3]. The cells of the immunel an
Repeated subcutaneous (s.c.) injection is a commute  Nervous systems generate and respond to the same ne
of administration in chronic studies of neuroactbam-  transmitters and cytokines, thus, changes in thiwaac
pounds. While peanut oil is often used as a veliicls.c.  tional status of the peripheral immune system dér a
administration of lipophilic compounds, scatteregarts neural signaling pathways [2]. As one example,cyte-
indicate that repeated s.c. injections of peanutcah  kine, interleukin-1, has been implicated in impdin-
leave deposits, introduce impurities or induce llica-  textual fear conditioning in Sprague-Dawley rafs [3
tion [1]. Whether this reaction is unique to peasiliand
how environmental factors known to influence sérsit
tion alter the incidence and severity of skin atittn sub- Here, we conducted studies to determine whether ski
sequent to repeated s.c. injections of peanutsoihdgt abnormalities initially observed in Long-Evans rats
known. Also unknown is whether these peripheral imjected for 21 d with food grade peanut oil (1.0kgid
mune reactions interfere with behavioral outcon®e S.C.) were influenced by the type of oil used as\tahi-
latter is a plausible concern in light of experitaérevi-  cle, the bedding material on which rats were houtesi
dence demonstrating that the immune system can -modbarrier facility from which animals were imported a
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combination of these factors. Additionally, wetéeksif
these skin abnormalities interfered with perfornsirca
learning and memory task. Our findings indicatet #iéa
the environmental factors we tested contributedht®
incidence and severity of skin abnormalities foliogv
repeated s.c. injections, but that these adverse rek
sponses do not significantly influence learning amem-
ory in a Pavlovian fear conditioning task.

Materialsand Methods

Chemicals

Analyses of skin abnormalities

Rats were scored daily as to the presence andsyysdl-
ing, irritation, alopecia, scabbing, or abrasioofisyrossly
evident skin abnormalities. In a subset of studies,se-
verity of the skin reaction was categorized as mitdd-
erate, or marked based on the reaction diametaenifx3
3-6mm, and>7mm, respectively). All rats were checked
by a board-certified laboratory animal veterinararery
2-3 d to confirm scoring by laboratory personnelvoT
rats with the most visibly severe reactions atdbeclu-

Food grade peanut oil (Planters® 100% peanut iy w Sion of a 21-d injection study (both from the sevaerier

purchased from a local grocery store (Davis, CAAUS

facility, injected with reagent grade peanut oitldroused

Reagent grade peanut oil (Sigma catalog #P2144,; CA§N comncob bedding) were submitted for necropsthat
8002-03-7) and reagent grade ethanol were purchasé®mparative Pathology Laboratory in the UC Davis

from Sigma-Aldrich Corporation (St. Louis, MO, USA)

Laboratory grade triglyceride of coconut oil, Neeld-5

School of Veterinary Medicine, Davis, CaliforniaSQ.
Complete sets of tissue samples, including kidneys,

(Catalog #N1328, CAS: 73398-61-5), was purchasedP!€€n, pancreas, heart, lungs, brain, stomacluesum,
from Spectrum Chemical Manufacturing Corporation/€junum, cecum, colon, eye, Harderian gland, sgjiva

(Gardena, CA, USA).

Animals
All procedures were approved by the Institutionaimal

glands, reproductive tract, skin and subcutis fedfacted
areas were collected and submersion-fixed in 10% ne
tral-buffered formalin. The tissue samples wenginzly
processed, paraffin-embedded, sectioned and staiitied

Care and Use Committee (IACUC) of the University off€matoxylin and eosin. Tissue sections were eiedua
California-Davis, and conformed to the Guide foe th PY @ board-certified veterinary anatomic patholbgis
Care and Use of Laboratory Animals set forth by the

United States National Institute of Health. Allimals

Contextual Fear Conditioning

were treated humanely and with regard to minimizing0llowing the last injection, subjects were exposed
pain and distress. Male Long-Evans rats (5 weétts o _contextual fear condm_onmg paradlg_m [4] to asdeasn-
250-350g) were obtained from either Charles Riverd?d and memory. During fear conditioning, rats feé

(Portage, Michigan, USA) or Harlan (Indianapoliyl, |
USA) and were housed two per cage on” J8rncob

associate the context of the chamber and a whise moe
with a foot shock. If they remember the assocdmtrats

(Harlan Teklad, Madison, WI, USA) or paper beddingWi” exhibit freezing behavior when challenged agaith
(Carefresh®, Higby's Country Feed Store, Dixon, CA,the contextor cue. Freezing behavior is defireed &ck
USA). All subjects were housed under controllegien ©f movement other than breathing. Rats were plated

ronmental conditions with a 12 h light/dark cycledaa
temperature of 72-78°F. Rats received rodent of204:8

chamber with a metal floor grid (Med Associates, At
bans, VT, USA) with house lights on and a 10% aceti

18% Protein Rodent Diet, Harlan Tekland, USA) amal t &cid Scent cue. After 2 min, mice were subjectetheo
water ad libitum Bedding and food were autoclaved conditioned stimulus (CS), an 85 decibel white aaige

prior to use.

I njections

Rats were acclimated for 7 d prior to administrataf
vehicle. Animals received daily s.c. injectionsvehicle
(1.0 ml/kg) between the shoulder blades for 21wl.viras
not shaved and disinfectants were not applied gostte
of injection. Vehicle solutions (in 10% ethanolens
made daily. After vortexing for 2 min followed ®pni-
cation for 1 min, vehicle solutions were wrappedoihto
prevent exposure to light and kept at room tempezat

All animal were injected in the afternoon at approx

mately the same time of day (+ 1 h) using stedlspos-

coinciding with a 2 sec foot shock (unconditionéichs-
lus, US) of 0.35 mA. The rat remained in the chanfibe
30 sec with no noise or shock following the CS-Us-p
ing. Chambers were cleaned thoroughly with 70%retha
between subjects. Memory of the context and oftni-
tory cue was tested 24 h after conditioning. Fer ¢bn-
text test, rats were placed back in the chambdr thié
same environmental cues (acetic acid scent cudslion
and metal grid floor) for 300 sec. For the cue, tit grid
floor was covered with paper towels and plexigldks,
house lights turned off and the scent cue changed t
lemon. Rats were placed in the silent chamber 26r sec
followed by the white noise cue for 180 sec buthaitt

able syringes with 25 G PrecisionGlide® needles (BNe foot shock and ended with a 60 sec perioderfice.

Biosciences, Franklin Lakes, NJ, USA).

All trials of fear conditioning were video recorddeeez-
ing was scored by an observer blinded to experiahent
group.
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Statistical Analyses

The severity and incidence of skin abnormalitesewe Behavioral data were recorded as the percentagenef

analyzed using R 3.1.1 software suite (Vienna, Aajst
For the subset of rats (N = 12) in which severitythe
abnormality was recorded, the severity was scaowad D
to 3 corresponding to none, mild, moderate, or m@rk
These rats came from different barrier facilitiesl avere
exposed to different bedding conditions but the esaea
agent-grade oil. For the subset of rats (N = hAyhich
only the incidence of abnormalities was recordkd, ib-
cidence was recorded as 0 (absent) or 1 (pres@hgse
rats were exposed to different vehicle oils andedint
bedding conditions. The two subsets of rats we a
lyzed separately.

Because each rat received a score every day fdr #tle

observations were not independent but rather weme-c
lated within rats. To address this correlatiorme@asure
was created for each rat that summarized the swooss
all days. First, generalized linear models wettediwith

severity or incidence as the outcome (identity liok

severity; logit link for incidence) and day-specifixed

effects as predictors. Pearson (standardizedjiualsi

were obtained for each animal for each day. These
siduals were then averaged across all days in ¢odei-

tain an average daily Z-score for each rat. Thisres
summarizes a rat's incidence or severity relativethie

average. Positive values indicate a greater incieler

severity of abnormalities and negative values migiche
opposite.

The rat-specific average daily Z-scores were usedud-

comes in two-way ANOVA analyses. Two such analyse

were conducted, one for each subset of rats, ichwiie
predictor variables were respectively (a) barraaility of
origin and bedding condition, or (b) vehicle oip&/and
bedding condition. Given the small sample size ¢h2

servations in each ANOVA), the parametric assumigtio
Theeefo

underlying the p-values were questionable.
permutation testing was used to verify the p-valaed
thus the inferences from confidence intervals. tHa
event that permutation testing failed to corrobmrtite

the animal spent immobile during the context and cu
test. The data were analyzed using standard oge-wa
ANOVA methods (GraphPad Prism software Version
5.0).

Results

Grossly evident skin abnormalities ranging from onin
skin inflammation, swelling, dermatitis, scabbinand
abrasions were observed along the neck, shouldéersra
ears of male Long-Evans rats injected with fooddgra
peanut oil at 1.0 mg/kg/d s.c. (Fig. 1A-F). Skimnar-
malities typically began to manifest during thestfiweek
of injections and became progressively more sewgte
increasing number of injections. Pruritus and selfima
was evident as injected rats were observed toccthe
subscapular region proximal to the site of injactio
Alopecia was also noted and may have been duec#b lo
edema that caused hair follicles to be more widkdy
persed and thus appear sparser.

Two animals with the most severe skin lesions veeite
mitted to necropsy. Histopathologic evaluation tioé
skin lesions revealed pyogranulomatous cellulitiarec-
terized by variable numbers of foamy macrophages; n
trophils, lymphocytes and plasma cells surroundarge
clear vacuoles (Fig. 2). The intralesional cleacwdes
were interpreted to be the injected peanut oil. Non
specific changes (acanthosis and compact hypedsisat
ere observed in the overlying epidermis. Togetter
istopathologic changes were consistent with aidare
body reaction to the injected peanut oil and chrasilf-
trauma. Splenic marginal zone expansion was alsedno
in both animals and interpreted as a systemicrimfia-
tory response (data not shown). The histology dufi-a
tional tissues collected at necropsy was unremékab

In the initial pilot study in which we noted skirbraor-
malities in animals injected with peanut oil, twaal

ANOVA p-values, confidence interval estimates wereSprague Dawley rats obtained from the same bdergr

obtained by small-sample bias-corrected bootstrap(iR
package “bootstrap” version 2014.4 by Rob Tibshjran
Statistical analysis results are presented asiffexathce
(contrast) between average Z-scores of two diffeesn
perimental conditions (graphics produced with Rkpge
“ggplot2” version 1.0.0 by Hadley Wickham).
relevant figures, the point estimate of the contieplot-
ted as a dot with the 95% confidence interval editen
above and below. If the interval crosses zerogtisesaid
to be no significant difference. If the intervaléntirely
above (below) zero, the difference is significargteater
(smaller) than zero at the 5% level. Any valuehwitthe
95% confidence interval is considered to be pldediir
the contrast.

Current Neurobiology 2014 Volume 5 Issue 1 & 2

ity and housed under the same conditions but iegect
daily with saline (1 ml/kg/d s.c.) for 8 days (N=dy not
exhibit any notable skin response (data not shoWwhis
suggested that the peanut oil, rather than thetioje it-
self, was triggering the adverse inflammatory resgeo

In the To test this hypothesis, we compared the incidesfce

skin abnormalities between male Long-Evans rats in-
jected daily for 21 d with food grade peanut oifstes
reagent grade peanut oil versus Neobee M-5, aydrigl
eride of coconut oil (1.0 ml/kg/d s.c.). Skin almalities
manifested earlier and with higher incidence on gingn
injection day in rats injected s.c. with food grgueanut

oil



Levoe/Flannery/Brignolo/Imai/Koehne/Austin/Bruuni€eedi/Lein

Figure 1. Representative images of skin lesionsin male
Long-Evansrats injected with peanut oil (1 ml/kg/d, s.c.)
forupto21d. (A)

Normal animal with no visible skin abnormalities on
jection day 21(B) Example of swelling around the injec-
tion area on injection day 21C) Demonstration of der-
matitis on injection day 21(D) Animal with clinically
insignificant abrasion on injection day 1{E) lllustration
of a clinically significant abrasion on the neclkdsitder
region on injection day 11(F) Animal with clinically
significant abrasions on the ears and neck on iigaec
day 21.

relative to rats injected with either reagent graganut
oil or Neobee M-5 (Fig. 3). In the food grade pdamil
treatment group, skin reactions were noted as esly
injection day 4; whereas in rats injected with exsg
grade peanut oil, skin reactions were not obsewmd
injection day 8. All animals in the food grade pegoil
treatment group exhibited skin abnormalities durihg
21 d injection period whereas only one-third of thés
injected with reagent grade peanut oil developéd ak-
normalities during the study. Notably, none of Hre-
mals injected with Neobee M-5 exhibited skin abralim
ties on the subcutis at any time during the study.

Since skin abnormalities were only observed in ahée
mals injected with peanut oil, we next examinedefiect
of bedding material by comparing corncob beddingwve
paper bedding in rats injected with either fooddgrar
reagent grade peanut oil (1.0 ml/kg/d s.c.) ford21The
number and severity of skin abnormalities in ratgded
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Figure 2. Histological analyses of skin lesions from rats
injected with reagent grade peanut oil (1.0 ml/kg/d s.c.)
for 21.d. (A)

Hematoxylin and eosin staining of the dorsal hais&th
and subcutis. Deep to the dermis and skeletal reptod
subcutaneous adipose tissue is expanded by laege cl
lipid vacuoles and pyogranulomatous inflammatiodX2
Bar = 200 um.(B) Higher magnification of the subcutis
demonstrating large clear lipid vacuoles surroundad
foamy uninucleate to multinucleated macrophage6x20
Bar =100 pm.

on corncob bedding was significantly increasedtineda
to those housed on paper bedding (Fig. 4). Corspiari
of the effects of the vehicle type indicated thepieated
injections with either food grade or reagent grpdanut

oil increased the incidence of skin abnormalitielative

to Neobee M-5 (Fig. 4).

To determine the influence of the animal's priowvien
ronmental experiences (e.g., potential differernoesen-
sitization) on skin reactions triggered by repeased
injections of peanut oil, we compared the seveaty
skin abnormalities between rats imported from défe
barrier facilities that were injected with reageyrade
peanut oil

Current Neurobiology 2014 Volume 5 Issue 1 & 2



Skin lesions from repeated s.c. injections do ttet @ehavior

1.00 H B @--4a
Vehicle Type S )
-o~ Neobee M-5 )/ \\b— ,
B--8 --O--B--G--08
c -0 Food Grade Peanut Oil )/
T ¢ 0.75- . ’
20 - @8- Reagent Grade Peanut Oil ’
n e H
ok ,
X e /
Y S 7
O O 0.50 - B--B--8--8--49
c S 4
o2 ’
=2 ’
t 7
8_E )j [ S B BN - e n [Jonaot Jagaa: R - ™
= 7/
0" g.25- /
o ,'
2]
7
/
7/
7 . . .
000 —=——=—= =+ & A

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Day

Figure 3. Variable incidence of skin abnormalities depending on the vehicle injected. Rats were housed on paper bed-
ding and injected daily with food grade peanut aélagent grade peanut oil or Neobee M-5 (1.0 mifigy€.) for 21 d.
The percentage of rats in each treatment groupbeétiing skin abnormalities (swelling, irritation arstabbing) was re-
corded each day. Animals injected with food gradanut oil (open boxes, N=6) had an earlier onseat greater inci-
dence of skin abnormalities relative to animaleatgd with either reagent grade peanut oil (clobedes, N=3) or
Neobee M-5 (open circles, N=3).
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(Bootstrapped 95% Cl)
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Corn Cob Food Grade Peanut Oil Reagent Grade Peanut Oil
vs. Paper vs. Neobee M-5 vs. Neobee M-5
Contrast

Figure 4. Peanut oil grade and bedding type significantly influence the incidence of skin abnormalities triggered by
repeated s.c. injection with peanut oil. Rats were housed on either corn cob or papedimgdthroughout the 21 day
testing period and were injected with food gradarmé oil, reagent grade peanut oil, or Neobee M:3.8 ml/kg/d s.c.
The incidence of skin abnormalities was recordeitiydaThese data were analyzed using a logistiacesgion model,
yielding Pearson residuals that were used to geleesastandardized measure of how large or smallotbeerved skin
abnormality was relative to the day’s average. Each animal, the Pearson residuals were averagedss all days to
obtain an average daily Z-score for each rat. Aipee Z-score indicates a high propensity to eithikin abnormali-
ties whereas a negative Z-score indicates resistanckin abnormalities relative to the averaggn8icant differences
between treatment groups were identified using 2-AWdOVA (N=3-6 per treatment group) and are presdras a con-
trast comparing the mean of one factor level torttean of another. The dot represents the poinnesti of the contrast
between the means of the two factors; the whiglegresent the bootstrapped 95% confidence inte@ahfidence in-
tervals that lie entirely above or below zero iradEthat the contrast is significant at the 5% leve
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Figure 5: Prior environmental exposures influence the development of skin abnormalitiesin response to in-
jection of reagent grade peanut oil (1.0 ml/kg/d s.c.) for 21 d. Rats of the same strain, sex and weight were
obtained from 2 different barrier facilities andlaled to acclimate for 7 days prior to beginningeictions.
The severity of skin abnormalities were scoredydaitcording to the diameter of the lesion with he ab-
normality, 1 = mild abnormality (< 3 mm), 2 = modde abnormality (3-7 mm) and 3 = marked abnormafity
7 mm). These data were analyzed using a standaeail regression model, yielding Pearson residuthigt
were used to generate a standardized measure oflame or small the observed skin abnormality wakar
tive to the day’s average. For each animal, thafBen residuals were averaged across all days tmioban
average daily Z-score for each rat. A positivecor® indicates a high propensity to exhibit skimatmalities
whereas a negative Z-score indicates resistancgkin abnormalities relative to the average. Sigrdfit dif-
ferences between treatment groups were identif@dgu2-way ANOVA (N=6 per treatment group) and are
presented as a contrast comparing the mean of ao®ff level to the mean of another. The dot repnésé¢he
point estimate of the contrast between the mearnkeofwo factors; the whiskers represent the 95%fidence
interval. Confidence intervals that lie entirely ale or below zero indicate that the contrast isndfigant at
the 5% level.
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Figure6: Thebarrier facility from which ratswere obtained did not significantly influence Paviovian fear
conditioning. Long-Evans rats from two different barrier fattds were injected daily for 21 days with reagent
grade peanut oil (1.0 ml/kg/d s.c.). At the entthefinjection period, learning and memory wereeassd using
Pavlovian fear conditioning. There were no statly significant differences between experimegtalips in
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either the context tefd) or the cue tegB). Data presented as the mean +S.E. (N=6 animaidrpatment
group). Data were analyzed by one-way ANOVA wgthificance set at p<0.05.

Discussion

Collectively, our data indicate that skin abnoritiedi ob-
served in adult male Long Evans rats receiving atgue
s.c. injections are vehicle-dependent. Animals ciigje
with either food grade or reagent grade peanubati not
those injected with Neobee M-5 (triglyceride of opat
oil), exhibited adverse skin reactions. The inceand
severity of the inflammatory skin responses elititgy
s.c. injections of peanut oil were strongly inflaed by
the grade of the peanut oil, the bedding matendl lay
the barrier facility from which the animals werepionted,
with the most significant adverse responses obdeive
rats injected with food grade peanut oil that weoesed
on corncob bedding. The most severe skin lesicgre w
characteristic of a foreign body reaction and wasgoci-
ated with a systemic immune response as evidenged
splenic marginal zone expansion. However, this umen
response did not alter learning and memory as sadés
a Pavlovian fear conditioning task.

The fact that we did not observe gross skin abniies
across all treatment groups or amongst all anirrals
jected with reagent grade peanut oil strongly sstggihat
the skin abnormalities we observed were not catsed
repetitive insertion of the needle. Moreover, thstdpa-

of technical grade peanut oil across 72 hours weésdnto
cause skin irritation in male Wistar rats [1]. Retoil

has also been demonstrated to increase the skih
thickness of rats up to 25% by 4 hours after alsisgr.
injection, and to cause a fivefold increase inanfination
compared to saline [1]. Interestingly, differendesthe
supplier reportedly alters the degree of irritataserved
following peanut oil administration [9]. Thus, pe# oil

likely also was the cause of the earlier skin abradities
we observed, such as redness and swelling, ardiffee

ent suppliers likely explains the differences igidtence
and severity noted in animals injected with foo@dgr
versus reagent grade peanut oil.

fol

Vegetable oils other than peanut oil, includingases and
olive oils, have also been reported to cause forbigy
peactions [10,11], and s.c. injection of olive wihs asso-
ciated with both subcutaneous and intraperitoneal |
pogranulomas in Sprague-Dawley rats [12]. An ider
ing finding of our studies was that the incidence ae-
verity of skin abnormalities varied significanthegend-
ing on the vehicle that was injected. The reasdofshhe
differing skin responses to different oils are kabwn
but likely reflect differences in the fatty acidnaposition
of the oils and/or the presence of antioxidantgh buf
which determine the irritant and inflammatory prdjss

thology was consistent with a foreign body reactionof oils [13-15] as well as their resistance to @eigtion

which is a chronic state of inflammation that depsl and
persists as long as the exogenous stimulus relsigtada-
tion [5,6]. Foreign body reactions can be triggetsd
bubbles or adulterants in the vehicle [5]. Thesens
unlikely causes of the foreign body reactions oleseiin
this study because vehicle solutions were sonicatet
confirmed to be clear of bubbles prior to injecti@mnd
because food grade peanut oil is tightly reguldtedhe

[16]. For example, then vivo degradation of lipid fatty
acids depends in large part on their carbon clexgth
[17]. Long-chain fatty acids degrade at a slowée than
short-chain fatty acids [17], and the ratio of lestgain to
short-chain fatty acids varies significantly betwgeanut
oils derived from different peanut crops, and betweils
derived from peanutsersusother botanical species [18-
20]. An increase in unsaturated bonds increaseeptis

U.S. Food and Drug Administration and, thereforepility of a fatty acid to oxidation, which is assaied with

unlikely to contain adulterants. Rather, the mastly

cause of the foreign body reactions we observei@gsa-
dation-resistant lipid deposits in the subcutihds previ-
ously been reported that peanut oil can persikieainjec-
tion site for up to months following a single injien [1],

and that peanut oil deposits in the skin can récnaicro-
phages, lymphocytes, and fibroblasts to the irgectite
[7]. Our histopathologic analysis of the skin lewson rats
injected with peanut oil were consistent with thpsevi-
ous reports in that they suggested that unabsaibeds
trapped between the skin and muscle layer andtlieat
oil deposits were surrounded by inflammatory cdllsus,
our findings extend previous reports demonstrathmeg
injection of exogenous lipids can generate fordigay
reactions, resulting in chronic inflammation [8].

Peanut oil has also been reported to be a skiaritrin
rodent species [1,7]. For example, 3 dermal aafdios

Current Neurobiology 2014 Volume 5 Issue 1 & 2

free radical formation, lipid peroxidation, and ahic
inflammation [21]. Peanut oil has a significantiigher
proportion of unsaturated fatty acids than manyeoth
vegetative oils [20,22], and as a result, the fattids in
peanut oil oxidize significantly faster than thosecorn,
salmon or rice bran oil as determined using thechReaet
method [23]. Interestingly, relative to Planfepeanut oil
in which >90% of the fatty acids by weight have atns
rated bonds, <10% of the fatty acids in coconuthaie
unsaturated bonds [20,22]. This difference likedntcib-
utes to our observation that in contrast to eitferd
grade or reagent grade peanut oil, Neobee M-5 did n
cause skin abnormalities in animals receiving regzea
s.C. injections.

The different skin responses triggered by repeated
injection of food grade versus reagent grade peaitut
likely reflects differences in production and/oorsige of

7
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the oils. Exposure to heat and light promotesiaon
of fatty acids, and there is experimental evidetita
heating peanut oil alters how it interacts withlbgical
systems. For example, daily oral administratian6fa of
15% (by weight) peanut oil that had been heatethén
laboratory prior to administration caused derntiti
male weanling rats while littermates administerbe t
same amount of fresh unheated peanut oil exhibited
adverse skin effects [24]. The oxidation of fatyds is
also influenced by the presence of antioxidantscoTo
pherols are natural antioxidants endogenous to 10684
nut oil, but the amount of endogenous antioxidamac-
ity that is lost during processing can vary from8&e8 to
51.2% [25]. While exogenous tocopherols are oftited
to inhibit autoxidation and thereby prolong shé#-lof
peanut oil [25,26], neither the food grade nor risg@gent
grade peanut oil we used in our studies contairedes
nous antioxidants. Nonetheless, since levels obgad
nous antioxidants are influenced by the botaniazbn,
age, and harvest season of the parent plant asaséile
manufacturing, handling and storage practices,ediff
ences in the fatty acid and antioxidant compositan
differ significantly between different lots of pesnoil
[18,27]. This is the likely explanation of the fdifential
skin responses we observed in animals injectednstlo.
food grade versus reagent grade peanut oil.

While the vehicle was the predominant factor iredein-
ing skin responses to s.c. injections, these resgsowere
significantly influenced by environmental conditgyrin-

were found to exhibit significantly different airwayper-
responsiveness [33]. The influence of the rearing-e
ronment on sensitivity to environmental immunedecs
likely arises from differences in husbandry praggicsuch
as bedding material. For example, corncob beddathah
strong influence on stress and anxiety measuresiulft-
hood Long-Evans rats when introduced during thailye
development, but not when introduced during adwoitho
suggesting that bedding materials modulate devedopm
tal programming [29].

Behavioral tests that measure learning and memory i
rodents are highly sensitive to environmental iefices.
Differences in stress factors, housing conditiomsl a
testing location are examples of environmental diect
that are known to impact animal performance infeay
and memory tasks. Inflammatory cytokines have been
reported to impair several behavioral tests, incgd
contextual fear conditioning [3]. Interleukin-6, cyto-
kine secreted by macrophages, is a critical mediato
the foreign body reaction [6,34] and has been fotond
alter learning and memory consolidation [35]. Sobh
servations raise concerns that skin abnormalitiigs t
gered by repeated s.c. injections might influeresai-
ing and memory behavior in rats. However, perforogan
in a Pavlovian fear conditioning task was not digni
cantly different between rats imported from diffetre
barrier facilities who exhibited significant difiemces in
the severity of skin lesions triggered by repeased
injections of peanut oil. This observation suggdbat

cluding the bedding on which animals were housed duthe systemic peripheral immune response triggeted b

ing the testing period. Although different typesbed-
ding are known to alter liver enzymes [28] as veasllin-
testinal and mucosal immune responses and stress
sponses [29-31] in rodents, little has been redargard-
ing the effect of bedding on skin responses to atguk
s.c. injections of oil. Corncob bedding is thougitbe
one of the least toxic choices for nesting [28]whkuer,
corncob bedding has recently been associated Wetred
endocrine function, which is known to influence tios-
munology [30-32]. This is consistent with our fingl

these skin abnormalities did not produce levelsnef
flammatory mediators in the brain that interferedhw
peurobehavioral function at least in this particulkask
of learning and memory.

In conclusion, our findings indicate that vehidedding
and the rearing environment significantly influente
incidence and severity of skin abnormalities follogy
repeated s.c. injections, but that these adverse rek
sponses do not significantly influence performancat

that housing on corncob bedding exacerbated the skleast one test of learning and memory. Nonetheiess

abnormalities in animals with repeated s.c. infetdi of
food grade peanut oil.

Another environmental factor we found that influedc
the severity of skin lesions in rats injected vwogmnut oil
was the barrier facility from which the animals wem-
ported. Long-Evans rats are an outbred strain \ileaie
originally crossed nearly a century ago. Althougls
possible the different responses observed in rais dif-
ferent barrier facilities reflect genetic drift avenany
generations, the more likely explanation of theribar
effect is differences in the rearing environmentisTis
supported by a study in which male C57BL/6 micerfr®
different vendors, but not their first generatidifspring,

8

recommended that Neobee M-5 be used as the vaiiicle
choice for repeated s.c. injections in studies NSGunc-
tion.

Acknowledgements

We thank Dr. Birgit Puschner (UC Davis) for providi
valuable feedback on early versions of this marpiscr
This research was funded by the National InstitfitEn-
vironmental Health Sciences (graR01 ES016308 to
PJL). The funding agency was not involved in thedgt
design, in the collection, analysis, and intergretea of
data, in the writing of the report or in the deafisto sub-
mit the paper for publication.

Current Neurobiology 2014 Volume 5 Issue 1 & 2



Skin lesions from repeated s.c. injections do itet &ehavior

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Final report on the safety assessment of Peanatcis
hypogaea) Oil, Hydrogenated Peanut Oil, Peanut ,Acid
Peanut Glycerides, and Peanut (Arachis hypogaea)
Flour. Int J Toxicol 2001; 20 (Suppl) 2: 65-77.

Ader R, Felten D and Cohen N. Interactions betwtaen
brain and the immune system. Annu Rev Pharmacol
Toxicol 1990; 30: 561-602.

Pugh CR, Nguyen KT, Gonyea JL, Fleshner M, Wakin20.

LR, Maier SF and Rudy JW. Role of interleukin-1abet
in impairment of contextual fear conditioning cadisy
social isolation. Behav Brain Res 1999; 106: 189-1
Raybuck JD and Lattal KM. Double dissociation of
amygdala and hippocampal contributions to trace and
delay fear conditioning. PLoS One 2011; 6: €15982.
Coleman DL, King RN and Andrade JD. The foreign
body reaction: a chronic inflammatory response. J
Biomed Mater Res 1974; 8: 199-211.

Anderson JM, Rodriguez A and Chang DT. Foreign
body reaction to biomaterials. Semin Immunol 2008;
20: 86-100.

Azam P, Sankaranarayanan A, Homerick D, Griffey S

and Wulff H. Targeting effector memory T cells with 24.

the small molecule Kv1.3 blocker PAP-1 suppresses
allergic contact dermatitis. J Invest Dermatol 200
127: 1419-29.

Peters W and Fornasier V. Complications from25.

injectable materials used for breast augmenta@am J
Plast Surg 2009; 17: 89-96.

Al-Achi A, Gupta MR and Stagner WC. Integrated 26.

pharmaceutics : applied preformulation, productgies

and regulatory science. 2013; Hoboken, N.J.: Joh27.

Wiley & Sons. xix, 991 p.
Spickard A, 3rd and Hirschmann JV. Exogenous lipoid
pneumonia. Arch Intern Med 1994; 154: 686-92.

Banjar H. Lipoid Pneumonia: A Review. Bahrain 28.

Medical Bulletin 2003; 25: 6.

Ramot Y, Ben-Eliahu S, Kagan L, Ezov N and Nyska A.
Subcutaneous and intraperitoneal lipogranulomas
following subcutaneous injection of olive oil
Sprague-Dawley rats. Toxicol Pathol 2009; 37: 882-
Sacktor NC, Griffin J, Moser AB and Moser HW.
Effects of subperineurial injections of very-lonigain
and medium-chain fatty acids into rat sciatic nerve
Neurochem Pathol 1986; 5: 71-83.

Stillman MA, Maibach HI and Shalita AR. Relative
irritancy of free fatty acids of different chainnigth.
Contact Dermatitis 1975; 1: 65-9.

Kellum RE. Acne vulgaris. Studies in pathogenesis31.

relative irritancy of free fatty acids from C2 tol&
Arch Dermatol 1968; 97: 722-6.

Worthington RE. Varietal differences and seasonal
effects on fatty acid composition and stability af

from 92 peanut genotypes. J Agricul Food Chem 2197 32.

20.

Fritz IB. Factors influencing the rates of long-thatty
acid oxidation and synthesis in mammalian systems.
Physiol Rev 1961; 41:52-129.

Current Neurobiology 2014 Volume 5 Issue 1 & 2

18.

19.

21.

22.

23.

in 29.

30.

Wang ML, Chen CY, Davis J, Guo B, Stalker HT and
Pittman RN. Assessment of oil content and fattyd aci
composition variability in different peanut subsiesc
and botanical varieties. Plant Genetic Resources-
Characterization and Utilization 2010; 8: 71-73.

Wang ML, Raymer P, Chinnan M and Pittman RN.
Screening of the USDA peanut germplasm for oil
content and fatty acid composition. Biomass and
Bioenergy 2012; 39: 336-43.

Kostik V, Memeti S and Bauer B. Fatty acid
composition of edible oils and fats. J Hygienic Eegr
Desing 2012; 4: 112-16.

Reuter S, Gupta SC, Chaturvedi MM and Aggarwal BB.
Oxidative stress, inflammation, and cancer: how are
they linked? Free Radic Biol Med 2010; 49: 1603-16
Carpenter DL, Lehmann J, Mason BS and Slover HT.
Lipid composition of selected vegetable oils. J &ih
Chemists Soc 1986; 53: 713-18.

Nwosu CV and Boyd LC. Oxidative stability of Var®u
Oils as Determined by the Rancimat Method. in
Proceedings of Annual Conference Tropical and
Subtropical Fisheries Technological Conferencehef t
Americas. 1994; Florida Sea Grant College Program.
Alexander JC, Valli VE and Chanin BE. Biological
observations from feeding heated corn oil and hkate
peanut oil to rats. J Toxicol Environ Health 19217;
295-309.

O'Brien RD, Fats and Oils: Formulating and Procesgsi
for Applications. 3rd ed. 2008: Taylor & Francisa@p,
LLC.

Frankel EN. Antioxidants in lipid foods and theinpact

on food quality, in Food Chemistry. 1996; p. 51-55.
Carpenter DL, Lehmann J, Mason BS and Slover HT.
Lipid-Composition of Selected Vegetable-Oils. Jalrn
of the American Oil Chemists Society 1976; 53:-713
18.

Pelkonen KH and Hanninen OO. Cytotoxicity and
biotransformation inducing activity of rodent beulgi:

a global survey using the Hepa-1 assay. Toxicology
1997; 122: 73-80.

Sakhai SA, Preslik J and Francis DD. nfluence of
housing variables on the development of stressitsans
behaviors in the rat. Physiol Behav 2013; 120: &36-
Trainor BC, Takahashi EY, Campi KL, Florez SA,
Greenberg GD, Laman-Maharg A, Laredo SA, Orr VN,
Silva AL and Steinman MQ. Sex differences in stress
induced social withdrawal: independence from adult
gonadal hormones and inhibition of female phenotype
by corncob bedding. Horm Behav 2013; 63: 543-50.
Villalon Landeros R, Morisseau C, Yoo HJ, Fu SH,
Hammock BD and Trainor BC. Corncob bedding alters
the effects of estrogens on aggressive behavior and
reduces estrogen receptor-alpha expression inrdie. b
Endocrinology 2012; 153: 949-53.

Turnbull AV and Rivier CL. Regulation of the
hypothalamic-pituitary-adrenal axis by cytokines:
actions and mechanisms of action. Physiol Rev 1999;
79: 1-71.



33.

34.

35.

Levoe/Flannery/Brignolo/Imai/Koehne/Austin/Bruuni€eedi/Lein

Chang HY, Mitzner W and Watson J. Variation in
airway responsiveness of male C57BL/6 mice from 5
vendors. J Am Assoc Lab Anim Sci 2012; 51: 401-6.
Esche C, Stellato C and Beck LA. Chemokines: key
players in innate and adaptive immunity. J Invest
Dermatol 2005; 125: 615-28.

Zalcman S, Murray L, Dyck DG, Greenberg AH and
Nance DM. Interleukin-2 and -6 induce behavioral-
activating effects in mice. Brain Res 1998; 8111-P1.

*Correspondence to:

Pamela J. Lein

Department of Molecular Biosciences
UC Davis School of Veterinary Medicine
1089 Veterinary Medicine Drive

Davis, CA 95616

USA

10

Current Neurobiology 2014 Volume 5 Issue 1 & 2





