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Histological alteration and oxidative variables in Wistar rats with 
induced-sepsis: the protective effect of tomato pomace powder 
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Abstract 
Background: Sepsis is a systcmic inflammatory 
response to infection causing morbidity and mortality 
and has oxidative damage as one of the mechanisms. 
We induced sepsis in rats by caccal ligation and 
perforation (CLP) and then investigated the possible 
protective effect of tomato pomace powder (TPP) 
on the sepsis-induced neuropathy using vitamin E 
(V1T E) as a standard antioxidant. 
Methods: Th i r ty -n ine male Wistar rats were 
randomized into six groups: Control (Cont) (N=5) 
received food and water; TPP (N=5) received TPP 
(50 mg/kg); V1T E (N=5) received VIT E (500 mg/ 
kg); CLP (N=8) had CLP; TPP+CLP (N=8) received 
TPP (50 mg/kg) plus CLP; VIT E+CLP (N=8) 
received VIT E (500 mg/kg) plus CLP. The CLP was 
done on first day while all other administration lasted 
21 days after which, ncurobchavioural tests were 
done, animals sacrificed and tissues processed for 
hacmatological, biochemical and histological tests. 
Results: The CLP group had significant (p<0.05) 
increase in lipid peroxidat ion (LPO) level, a 
reduction of the glutathione (GSM) level and an 
increase in the activity ol catalasc enzyme activity 
when compared with the control, all of which were 
reversed to near control in the co-treated groups (p 
< 0.05). Total white cell and neutrophil counts were 
significantly (p < 0.05) higher in the CLP group 
compared with the control group. Histological 
alterations induced by sepsis included degeneration 
of Purkinjc, granule and pyramidal neurons which 
were ameliorated by TPP and VIT E. 
Conclusion: Our results indicated that TPP and VIT 
E demonstrated protective effects from brain damage 
caused by CLP-induccd sepsis via maintenance of 
the anti-oxidant status. 

Keywords: Caccal Ligation and Perforation, 
Lvcopersicon escidentian. Cerebellum. Hippocampal 
formation and Sepsis. 

Resume 
Contexte L'etat scp t iquc est unc rcponsc 
mflammatoirc systcmiquc a unc infection cntrainant 
unc morbidile ct unc morlalilc ct a undommagc 
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oxydatifcomme Pun des mccanismcs. Nous avons 
induilPclat scptiquc chcz le rat par la ligature ct 
pc r fora t ioncacca lc (CLP) ct ensuite ctudic 
Pcffc t dc protection possible dc la puree 
en poudrc dc tomatcs (TPP) sur la neuropathic 
induitc par Petal scptiquc a Paidcdc la vitaminc E 
(VIT E) commc un antioxydant standard. 
Methodes : Trcntc-ncuf rats Wistar males ont etc 
randomises en six groupes xontrolc (cont) (N = 5) rc^u 
la nourriturc ct Pcau ; TPP (N = 5) rcgu TPP (50 mg / 
kg); VIT E (N = 5) rcgu VIT E (500 mg / kg); CLP (N 
= 8) avail CLP; TPP + CLP (N = 8) rcguTPP (50 mg/ 
kg) en plus dc CLP; VIT E + CLP (N = 8) a rcgu VIT E 
(500 mg / kg) plus dc CLP.CLP a etc rcaliscc 1c premier 
jour alors que loutcs les autrcs administrations ont dure 
21 jours , au tcrmc dcsqucls des tests 
ncurocomportemcntaux ont etc cffcctucs, les animaux 
sacrifics ct les tissus traitcs pour des tests 
hcmatologiqucs, biochimiqucs ct histologiqucs. 
Result a ts: Lc groupc CLP prcscntai t unc 
augmentation significative (p <0,05) du taux 
dc pcroxydation lipidiquc (LPO), unc reduction du 
taux dc glutalhion (GSM) el unc augmentation dans 
Pactivitc dc Pactivitc dc Pcnzymc catalasc par 
rapport au controlc, qui ctaicnt tous inverse a prochc 
du controlc dans les groupes co-lraitcs (p <0,05). Lc 
nombrc total dc globules blancs ct dc ncutrophilcs 
eta it significativcmcnt plus eleve (p <0,05) dans lc 
groupc CLP par rapport au groupc tcmoin. Les 
a l te ra t ions histologiqucs induitcs par 
Petal scptiquc comprcnaicnt la dcgcncrcsccncc dc 
neurones dc Purkinjc, dc granules ct pyramidaux qui 
ctaicnt amcliorcs par TPP ct VIT E. 
Conclusion: Nos rcsultats indiqucnt que TPP ct VIT 
E ont demontre des cffcts protcctcurs contrc les 
dommages au ccrvcau causes par un 
ctal scptiquc induil par CLP a travcrs lc mainticn du 
statut antioxydant. 

Mots cles : Ligature et perforation caecale, 
Lvcopersicon esculentum, cervelet, formation 
hippocampique et it at septuple. 

Introduction 
S e p s i s is a s y s t e m i c i n f l a m m a t o r y r e s p o n s e to 
infection and a major causc of morbidity and 
mortality worldwide f l) . The aetiology of sepsis 
among others is faecal peritonitis and might 
experimentally result in neuronal degeneration, peri-
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microvcsscl oedema, and disruption ol astrocyte 
processes (2). However, s e c o n d a r y b a c t e r i a l 
peritonitis in human as in acute intestinal perforation 
is an important cause of sepsis and death in surgical 
practice due to an intra-abdominal infectious focus. 
Sepsis leads to the production ol* reactive oxygen 
species which have been reported to play a role in 
the induction of many pro-inflammatory cytokines 
and mediators important in producing the acute 
inflammatory responses associated with sepsis 11]. 

Oxidative stress occurs when the body 's 
antioxidant system is overwhe lmed by excess 
reactive oxygen species [3]. Hence the need to 
protect the body from the deleterious cITccts of 
oxidat ive s t ress . T h e p r o t e c t i v e e f f ec t of 
phytochcmicals in mitigating damage from oxidative 
stress appears promising. Lvcopcrsicon csculcntum 
(tomato), family Solanaccac, arc rich sources of 
numerous beneficial nutrients and ant i -oxidanls 
which include lycopenc, choline, alpha-Iipolic acid, 
beta-carotene, lutein, vitamins A and C, folic acid, 
small amounts of magnesium and potassium |4]. 
Lycopcnc an open chain h igh ly u n s a t u r a t e d 
carotenoid responsible for 80% anti-oxidant property 
of tomato reportedly inhibited iron catalysed lipid 
peroxidation and nitric oxide production in rat brain 
homogenatcs exposed to ischacmic brain injury |5]. 
Similarly, Lvcopcrsicon csculcntum demonstrated 
neuroprotection against cisplatin-induccd alteration 
of microanatomy of rat cerebellum, dentate gyrus 
and Cornu Ammonis3 (CA3) of rat brain |6]. Vitamin 
l£ (a-tocophcrol) is a fat-soluble vitamin found in 
many foods, fats, and oils. The main function of 
Vitamin E in humans appears to be that of an 
antioxidant to neutral ize f ree r ad ica l s formed 
primarily in the body during normal metabolism and 
also upon exposure to environmental factors, such 
as cigarette smoke or pollutants | 7 j . Aside from 
main ta in ing the in tegr i ty of cel l m e m b r a n e s 
throughout the body, (/-tocopherol also protects the 
fats in low-density l ipoprote ins ( L D L s ) f rom 
oxidation. 

Although the cerebellum accounts only for 
approximately 10% of the brain's volume, it contains 
over 50% of the total number of neurons in the brain 
|X|. The cerebellar cortex is divisible into three 
functional areas | 9 | namely: sp inocc rcbc l l um; 
vcstibuloccrcbcllum, ccrcbrocerebcllum whereas its 
medulla contains the four masses of cerebellar nucici 
namely: dentate, embolilormis, globose, and fastigial 
all of which arc composed of large, mult ipolar 
neurons with simple branching dendrites and from 
which the cerebellar elTcrents ar ise . T h e major 
fund ions of the cerebellum include: maintenance of 
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b a l a n c e , pos ture and muscle tone; motor 
coordination of voluntary movements; maintenance 
of learning and cognitive functions; regulation of 
saccadic and smooth eye movements 110, II) and 
making movements more adaptive and accurate by 
modi fy ing motor commands of the descending 
pathways |8 | . The hippocampal formation is among 
others involved in long term spatial and episodic 
memory storage 112]. Alteration of the structural 
integrity of either the cerebellum or the hippocampal 
formation by sepsis may have untoward effect on 
their functions. 

Prev ious studies using CLP have 
demonstrated oxidative parameter changes |1, 13, 
141 and brain structural alterations [2]: however, no 
s t u d y has so far reported on the cffcct of 
Lvcopcrsicon csculcntum on this technique. In the 
present work, we aimed to test the beneficial effects 
of Lvcopcrsicon csculcntum as Tomato Pomace 
Powder (TPP) and vitamin 1£ on the brain of adult 
male Wistcr rats. To that end, we induced sepsis by 
Caccal Ligation and Perforation (CLP) technique to 
s tudy oxidat ive parameters, hacmatology and 
behavioural alterations and brain structural responses 
by light microscopy. Wc hypothesized that TPP could 
prevent CLP-induccd brain tissue injury by inhibiting 
the ROS generation triggered by sepsis and thus answer 
the question of whether TPP can protect rat brain from 
induced sepsis. The findings (if protective) could 
stimulate further research in harnessing tomato's 
potential as an adjunct in sepsis management. 

Materials and methods 
Ex pet 7 mental an i n la Is 
Male Wistar rats weighing 90-180 g were obtained 
f rom the College of Medicinc animal house. 
University of Ibadan, Nigeria. They were housed in 
plastic cages with dimensions 29 cm x 27 cm x 30 
cm, with wood shavings in a fly-proof, freely 
ventilated and naturally illuminated animal rooms 
at room temperature with a 12 hr light/dark cycle. 
The animals were acclimatized for two weeks and 
then divided into experimental and control groups 
by r a n d o m sampl ing techniques, fed with 
commercial mouse cubes (Ladokun Feeds Nig. Ltd, 
Ibadan. Nigeria) and drinking water ad libitum. All 
procedures on animal handling were in accordance 
with ethical use of animals in research 115]. 

Proc essing and administration ojtomato pomace 
powder (TPP) 
Fresh toma toes were purchased from Bodija 
m a r k e t , Ibadan, Nigeria . The tomatoes were 
washed, sliced and squeezed to reduce the water 
content , the squeezed remains were dried in an 
oven at 50" Celsius for two hours after which it 
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was grounded into powder which w a s stored as 
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t o m a t o p o m a c e p o w d e r ( T P P ) in an a i r light 
container as descr ibed by O w o c y c and Onwtika 
16). The T P P was adminis te red at 50 mg/kg using 
propylene glycol as the vehicle. 

Preparation and administration of a-tocop/icrol 
(Vitamin E) 
Each soft gelatine capsule containing 100 mg of DL-
u-tocophcryl acetatc as 100 mg vitamin H acctate was 
punctured and withdrawn with a new size 21 G needle 
attached to a new 1 mL insulin syringe. The syringe 
was attached to an intra-gastric tube for gavagc to 
administer 500 mg/kg body weight daily for 21 days. 

Research Design 
The thirty-nine rats were randomized into six groups 
and treated as follows: 
Group 1 (Cont) (N=5) animals received water and 
food, served as control. 
Group 2 (TPP) (N=5) animals treated with 50 mg/ 
kg of tomato pomace powder (TPP). 
Group 3 (VIT E) (N=5) animals treated with 500 
mg/kg of vitamin E (VIT E). 
Group 4 (CLP) (N=8) animals subjected to caccal 
ligation and perforation (CLP). 
Group 5 ( T P P + C L P ) (N=8) animals treated with 50 
mg/kg of T P P and subjected to CLP. 
Group 6 (VIT E+CLP) (N=8) animals treated with 
50 mg/kg of VIT E and subjected to CLP. 

The doses used in the present study were selected 
based on previously published data: VIT E 116, 1 7J. 
The CLP was performed on first day of experiment 
while other treatments were given orally by gavagc 
and lasted 21 days. 

Induction of sepsis by Caeca/ Ligation and 
Perforation (CLP) technique 
Rats in groups 4, 5 and 6 were subjected to sepsis by 
caccal ligation and perforat ion (CLP) method as 
p r ev ious ly de sc r ibed | 1 3J on f i rs t day of the 
experiment. Briefly, they were anaesthetized with 
ke taminc (80 mg/kg body weight , i .m.). Under 
aseptic conditions, a 3 cm midline laparotomy was 
per formed to expose the c a e c u m and ad jo in ing 
intestine. The caecum was tightly ligated with a 3.0 
silk suture at its base, below the ileocaccal valve, 
and was perforated once with 14-gaugc needle. The 
caecum was then squeezed gently to extrude about 
(0.5 cm1) of faecal matter through the perforation 
site and was then returned to the peritoneal cavity, 
and the laparotomy was closed with 4.0 silk sutures. 

Post operation management 
After CLP each animal was allowed to recover from 
anaesthesia. Operated animals were given a single 
dose of antibiotics i.m. (ceftriaxone at 50 mg/kg and 
gcntamycin 25 mg/kg) and then returned to their 
cages to recover from anaesthesia. The rats were 
observed a f te r C L P for the presence of signs of 
infection (pi locrcct ion, lethargy, t achypnea , and 
weight loss) . On r ega in ing c o n s c i o u s n e s s , the 
animals were allowed access to feeds and water ad 
lihitium. 

Behavioural tests 
Behavioural tests were performed on all the groups 
of animals both experimental and control on day 21 
to e v a l u a t e m o t o r f u n c t i o n and e q u i l i b r i u m . 
Parameters assessed included: explora tory tests , 
motor function tests and equilibrium tests. 

Line crossing and rearing 
The appara tus used was a slight modif icat ion of 
published method [ 18]. It consisted of a square arena 
(56 cm x 56 cm * 20 cm) made of white wood and 
its floor divided by lines into 16 squares that allowed 
the definition of ecntral and peripheral parts. At the 
beginning of the session, each rat was individually 
placed in the centre of the arena and its activity was 
recorded for 5 min. The number of squares crossed 
with all paws (crossing) and standing on hind legs 
(rearing) were evaluated during 5 minute sessions. 
The crossing numbers were indicators of locomotor 
while the rearing numbers indicated vertical and 
exploratory activities. At the end of each session, 
ra ts were removed f rom the open field and the 
experimental chamber was thoroughly cleaned with 
70% cthanol and dried before introducing a fresh 
rat so as to eliminate olfactory bias [19]. 

Negative Geo/axis 
This w a s used to a s sess motor coord ina t ion of 
animals when challenged on a sloped surface. The 
testing apparatus consists of sloped platform of 45 
degrees from horizontal to the desktop; the rat was 
placcd on the highest point facing downwards. The 
latency to turn and orient themselves to face up the 
slope was recorded. The duration of attempt for each 
animal was 2 minutes and the mean of two trials 
was recorded 120]. 

Ihematologica l analysis 
Blood for haematological parameters was obtained 
from the retro-ocular plexus of the animals using 
hepar inized capi l lary tubes on day 21 a l ter the 
behavioural tests into Ethylene Di-amincTctfa Acetic 
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de te rmina t ion o f full b lood coun t which inc. i d e d 
Red Blood Cell coun t , H a e m o g l o b i n count. ..eked 
Cell Volume Count (PCV), White Blood Cell count 
a n d d i f f e r e n t i a l c e l l c o u n t ( y m p l o c y s , 
Monocy tes , Neut rophi l s , l ios inop wis) Ana ly s i s w a s 
done in the h a c m a t o l o g y Inbora o . y of the 
Depar tmen t o f Vete r inary Med ic ine , Un ive r s i ty of 

Ibadan 

Sacrifice and sample collection 
After the last admin is t ra t ion on day 21 ol the 
experiment, animals were weighed, blood samples 
collcctcd, and were then euthanized with kctaminc 
(80 mg/kg body weigh t ) a f t e r which ce rv ica l 
dislocation was gently performed. The rat s brains 
were quickly dissectcd out, rinsed, mopped and 
weighed and then divided into two with the right 
half used for histology and the left half preserved 
for biochemical assays based on the method of 
Owoeye and Ojora 120]. The tissues meant for 
histological analysis were fixed in 10% formalin and 
later p rocessed for h is to logy by p a r a f f i n wax 
embedment method while those for biochemical 
analysis were kept in freshly prepared cold phosphate 
buffer solut ion at pH 7.4. The biochemical samples were 
later homogenized in phosphate buffer (pi I 7.4) and 
the resulting homogenate was ccntrifugcd at 10,000 x 
g for 15 min at minus 4°C, the supernatant obtained 
was thereafter used for the biochemical estimations. 
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(SOD) was determined according to the method of 
Del-Maestro et al 1231, Catalasc (CAT) activity was 
also determined according to method of Sinha 1241. 
All the biochemical lests were conducted in the Drug 
Metabolism & Toxicology Research Laboratories, 
Department of Biochemistry, College of Medicine, 
University of Ibadan, Nigeria. 

Statistical analysis 
Descriptive data were expressed as the m a m ± standard 
deviation (SD). Statistical analysis was performed using 
GraphPad software version 5.04, San Diego, CA, USA. 
and *post-hoc lest using Dunnct's lest. Groups were 
compared by Student's t-tcst and one-way analysis of 
var iance (ANOVA). Differences were considered 
statistically significant at p<0.05. 

Results 
Gen era! obsei i %a t ions 
Animals in the Control (Cont ) , t omato p o m a c e 
powder (TPP) and vitamin E (VIT E) were generally 
active and fed well. There was no mortality in the 
groups without surgical interventions but there was 
12.5% mortality in CLP exposed rats (2 animals in 
CLP group and 1 animal in T P P + C L P group). The 
first week post-op, rats that underwent CLP showed 
c l in ica l s y m p t o m s of seps i s by exh ib i t i ng the 
fo l l owing f ea tu r e s : le thargy, r educed ac t iv i ty , 
r educed feeding and dr inking , pi locrcct ion and 
alopecia. 

Tabic 1: ElTcct of t reatments on body weight differences and mean brain weight . 

Groups Cont TPP VIT IE C L P T P P + C L P VIT E+CLP 

Body wt. d in . (g) 36 .00±I6 .70 36.00*16.70 32 .00±I1 .51 29 .71*2.00* 13.04±3.00** 8.54*1.25** 
Mean brain wt. (g) 1.64±0.23 1.50*0.14 1.46*0.09 1.60*0.10 1.60*0.19 1.66*0.15 

Delta are presented as Mean * S.D. Control, Cont; Tomato p o m a c e powder , TPP; Vitamin E, VIT 13; Caccal ligation 
and perforation, CLP; Weight, wt.: Difference, diff. *P<0.05 versus Control . **P<0.05 versus CLP. 

Assessment of Oxidative Stress and Antioxidant 
indices in the rats whole brain 
The left hemisphere of the brain preserved for 
biochemical assays as described above was used for 
biochemical assays. The level of reduced Glutathione 
(GSM) was estimated based on the method of Bcutler 
ct al [2 1 | and e x p r e s s e d in n g / m l / m g . 
Malondialdchydc (MDA) level was determined by 
measuring the format ion of th iobarbi tur ic acid 
reactive substanccs (TBARS) present in the test 
sample according to the method of Varshncy and 
Kale [22). The activity of Superoxide dismutase 

Body and brain weight changes 
As shown in the lablc 1, the weight difference was 
lower in all the CLP groups when compared with 
the control g r o u p while there w a s a significant 
reduction of body weight in the TPP+CLP and VIT 
Eh C L P groups relative to the C L P group (p<0.05). 
I lowcvcr, the body weight differences did not appear 
to affect the brain weight as shown in tabic I. 

Biochemical analysis 
As shown in figure 1, sepsis (CLP) elicited oxidative 
stress as indicated by a significant (p<0.05) increase 
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//A'. 1: Effect of treatment on Superoxide Dismuta.se (SOD), reduced glutathione (CiSH), Catalase (CAT), and Lipid peroxidation 
(LPO) in rat w hole hrain. Data are presented as Mean ± S D. Control, Cont; Tomato pomace powder, TPP: Vitamin E. VIT E; 
Caeca/ ligation and perforation, CLP. */'<().05 versus Control. **/'<(). 05 versus CLP. 
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fig. 2: Histogram of behavioural tests in the control and treated groups. A: Transitions or horizontal movements measured as 
number of open field transitions. If Vertical movements measured as number of open field rearings, C: Grooming measured as 
the number of grooms, D: Negative geotaxis, measured as time taken for rats to re-orient in a head-up direction. Values are 
expressed as mean ± S D. Control. Cont; Tomato pomace powder, TPP; Vitamin E, VITE; Caccal ligation and perforation, CLP. 

/ ig.Representative Photomicrographs oj ( crchcllar ( ortcx of Hats A- ( on! group; H- TPP; ( - VITE; D, ( LP; E, TPP+CLP; 
/; VIT E< ( LP ( ontrol, Cont; Tomato pomace powder; Vitamin E, VIT E, Tomato pomace powder, TPP; Caccal ligation and 
perforation. CLP ML, Molecular layer; PL. Purkinje eell layer. GL-Granutar cell layer; blue arrows show Purkinje neurons. 
Group D Purkinje neurons show eosinophilic nuclei /1 &E-stained sections. Final magnifications: 400x 
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Fig. 4: Representative Photomicrographs ojDentate Cyrus of Rats. A- Cont group; H- TPP; ( - III L; P. ( LP; /:, 77V iC LP. 
F, VIT E+CLP. Control, Cont; Tomato pomace powder; Vitamin E, VIT E; 'Tomato pomace pow der. TPP; Caeca/ ligation and 
perforation, CLP; Molecular layer. ML; Polymorphic layer, PL; Cranular cell layer. CCL. /M! I,-stained sections Final 
magnifications: 400.x 

in the level of lipid peroxidation and a reduction in 
the level of GSM when compared with control group. 
Similarly, sepsis elicited a s ignif icant (p<0.05) 
increase in the activity of CAT relative to control. 
However, co-treatment of TPP and VIT E with CLP 
signif icantly reduced the level of LPO and the 
activity of CAT when compared with the sepsis 
(CLA) group as demonstrated in figure 1. 

increases in the number of transitions and rearings 
when compared with the control. The number of 
grooming was significantly reduced in the CLP when 
compared with the control. However, co-treatment 
of CLP with TPP and VIT E both ameliorated these 
parameters. Negative geotaxis measured by the duration 
rats needed to rc-oricntatc from the sloping position 
was prolonged in the CLP-treatcd groups when 
compared with the control as shown in figure 2. 

Fig. 5: Representative Photomicrographs ofCornu AmmonisJ (('a 3) Field of Hippocampus of Rats. A- ( \mt group; 11- TPP; ('-
VIT E; I), CLP; E, TPP+CLP; F, VIT E* CLP. Control, Cont; Tomato pomace powder; Vitamin E, VIT E; Tomato pomace 
powder, TPP; Caccal ligation and perforation, CLP; stratum aliens, SO; pyramidalis cell layer, PCL; stratum Licunasum 
molcculare, Sim. !l&E-stained sections. Final magnifications: 400.x. 

Behavioural tests 
The data presented in figure 2A and 2B show that 
rats subjected to CLP were hyperactive at the end of 
the experiment as shown by the significant (p<().()5) 

I lacmatology parameters 
There was no significant differences between the 
m e a n s of fed blood cell pa ramete rs and were 
therefore not displayed. However. CLP induced the 
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while blood parameters alterations shown in table 
evidenced by ihe significant reduction of the 

lymphocytes but increased the total white cell count 
i I WC( ) and neutrophils when compared with the 
control. I he significant elevation (p<0.05) of the 
I WC'C by 86% and neutrophils by 58% by CLP 
relative to control was reduced by the TIT»CLP 
treatment to 11% (TWCC) and 5% (neutrophils). 
Similarly, VII .li t CLP treatment reduced the effect 
oI CLP to 3 1 % and 16% lor the T W C C and 
neutrophils respectively. 

and p \ ramida l neurons of eornu ammonis3 of 
hippocampus. However, concurrent treatment with 
TPP and VIT \i significantly reversed some of these 
alterations. 

I he mortality rate of 12.5% CLP groups 
recorded in our experiment fared better than the 33% 
mortality recorded in the experiments of 126). This 
migh t be due to the prophylac t ic parentera l 
intramuscular injection of antibiotics (ceftriaxone 
and gentamycin) we adminis tered to the rats 

I able 2: Lltect ol treatments on the total white cell count and differential w hite cell count values. 

(i roups T W C C 
(xlOVil.) 

Neutrophils 
(xlOViL) 

Lymphocytes 
(xlOViL) 

Eosinophils 
(x lOViL) 

Com 5.93 J 0 ,30 2.67:1.0.31 7.03±0.32 L67±0.58 
TPP 6.33d 0.41 2.63±0.59 6.97:10.45 1.67 ± 1.16 
V 1 T E 5.80 J 0 .36 2.33±0.15 6.90±0.36 2.00 ±1.00 
CLP 11.00-10.45* 4.23 ±0.25* 5.33 ±0.36* 3.00±0.00 
T P P H T P 9 . 7 7 1 0 . 1 5 * * 2.9010.30** 6.63±0.25 2.33±0.58 
V I T H K I P 10.501 0.71 3.55±0.21 6.00±0.14 3.00±0.00 

Data are presented as Mean I S.I). Total white cell count, TWCC: Control, Cont; Tomato pomace powder, TPP; 
Vitamin F. VIT F; Caccal ligation and peiforation, CLP. *P<0.()5 veisus Control. **P<0.05 versus CLP. 

Histological evaluation of the cerebellar cortex, 
d e n t a t e gy rus and e o r n u a m m o n i s 3 (CA3) of 
h ippocampal format ion 
The histology of the cerebellar cortex showed the 
normal three cellular layers in the Control, 1 PPand 
VIT I: groups in addition to the normal large Purkinje 
neurons with b a s o p h i l i c - s t a i n i n g nuclei . Ihe 
Purkinje cells of the CLP group (Figure 3D) showed 
eosinophilic nuclei indicating nuclear karyolysis 
when compared with the control group as shown in 
figure 3A. The Purkinje neurons ol the IPP-K LP 
and VIT B+CLP groups arc comparable with the 
Control cerebellum. 
Granule neurons of dentate gyrus of CLP group 
(Figure 41)) and pyramidal neurons of the CA3 ol 
CLP group (Figure 51)) are pyknotic or dark, whereas 
the neurons of control and other experimental groups 
exhibit open chromatin. 

Discussion 
This study investigated the effects of TPP and VIT 
L on CLP-induced sepsis. The results showed that 
( LP treatment caused mortality and reduction in the 
body weight of rats, induced oxidative stress, elicited 
leukocytosis, altered behavioural parameters and 
caused degenerative changes in the Purkinje neurons 
ol the cerebellum, granule neurons of dentate gyrus 

immediately after CLP induction to control possible 
surgery-associated infection, whereas they did not 
administer antibiotics to the operated animals which 
might explain our report of lower mortality. Our 
results also compares favourably with the reports of 
similarly low mortality rate of 15% reported by 113] 
who adminis te red both an t ib io t i c s and fluid 
resuscitation after CLP. This suggests the importance 
of antibiotics as prophylaxis in potential septic cases. 
The observation of clinical features of sepsis in the 
CLP rats was supported by similar reports of [26]. 
Although changes in organ weight and weight 
•coefficients induced by chemical substances have 
been shown to be a reliable and cheap marker of 
toxicity |27| , the body weight reductions in all the 
CLP groups in this experiment had no effect on the 
brain weight of the animals suggesting that the 
toxici ty was not quant i f iable by brain weight 
changes. 

The sepsis-induced increase in LPO and 
reduction of glutathione ((JSII) levels in our study 
indicated a stale of oxidative stress which was in 
consonance with earlier reports 11, 14). Subsequent 
to activation, infiltrating neutrophils are reported to 
produce abundant oxygen radicals resulting in lipid 
and protein oxidation which might contribute to the 
increased LPO |28 | . The observation that SOD 
enzyme activity was unchanged in this experiment 
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contradicted published reports 11. 141 who reported 
signifiesnt elev;ition of S O D enzyme. However, the 
sepsis s ignif icant ly increased the act ivi ty ol the 
enzyme C A T which breaks down the genera ted 
(I l jO,) . in agreement with previous findings | I 4 | . 
The (iSI I reduction imposes an oxidative stress that 

can impair other cellular functions, in particular those 
regulated by the redox mechanism | 2 9 | hence the 
suggestion that decrease in GSII concentration is one 
of the most significant alteration in the antioxidant 
defense (30J. Ii was however observed that animals 
concurrently treated with TPP, VIT U and C L P had 
reductions in LPO level, increased level of GSI I and 
increased S O D and CAT activities. Of note is the 
elevation of GSI I which is important as a constituent 
of in t race l lu la r p ro t ec t i ve m e c h a n i s m s aga ins t 
oxidative stress 111. as this might help in improving 
the oxidant status o f the animals. 

I he h o s t r e s p o n s e t o w a r d s i n v a d i n g 
pa thogens f rom the introduced sepsis is usual ly 
c h a r a c t e r i z e d by s y s t e m i c p r o - i n f l a m m a t o r y 
response that is primarily mediated by cytokines, 
plasma coagulat ion and complement cascadcs, and 
a c u t e p h a s e p r o t e i n s r e l e a s e , and a c e l l u l a r 
c o m p o n e n t i n v o l v i n g l e u k o c y t e s , e s p e c i a l l y 
neutrophils and vascular endothelium |28 | . In this 
exper iment , the signif icant elevation of the total 
white cell count by eighty-six percent and neutrophils 
by fifty-eight percent by CLP treatment accentuated 
the neutrophil response as the main cffector cells in 
acute inf lammation in the induced sepsis. This is 
similar to responses obtained in faecal perforation 
of peritonitis. Following activation, marginal ion and 
t rans-cndothcl ia l emigra t ion f rom mic ro vessels , 
inf i l t ra t ing neu t roph i l s a rc repor ted to p roduce 
abundant oxygen radica ls resul t ing in lipid and 
protein oxidat ion and mitochondrial impairment 
which might cause further damage to tissues and can 
induce cell death 128 J. I lowever. the observation that 
co-treatment of TPP and VIT H lowered the total 
w h i t e ce l l c o u n t by e l e v e n and f ive p e r c e n t 
respectively relative to ( LP suggested that both items 
demonstra ted the capacity to reduce the toxicity 
induced by the sepsis. 

I he h i s to log ica l e f f e c t o f s eps i s 
demonstrated in the CLP group on the ccrebella of 
the rats include the eosinophil ic degenerat ion of 
Purkinjc cell while the granule cells of the dentate 
gyrus (DG) and pyramidal neurons of the stratum 
p y r a m i d a l i s o f the c o r n u a m m o n i s 3 of t h e 
hippocampus exhibited pyknotie or dark neurons, 
e v i d e n c e s o f the tox ic i ty o f s e p s i s . Ac t iva t ed 
neutrophils, which were elevated in this study, are 
known to generate increased oxygen radicals which 
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might have resulted in oxidative damage. This is 
because toxicity associated with excessive free 
radical generation resulting in lipid peroxidation and 
ox ida t ive d a m a g e could induce damages in the 
membranes of the cell and mitochondria, which 
might eventually lead to cell apoptosis and necrosis 
11. 28. 31, 321. The prolonged time taken for all CLP 
rats to re-orientate in the head-up direction suggested 
a possible vestibular or cerebellar injury which was 
demons t r a t ed his tological ly in this experiment. 
I lowever, the amelioration of the neuronal alterations 
observed in the TPP+CLP and VIT E+CLP brains 
demonstrated the capacity of both TPP and VIT H to 
mitigate the damaging oxidative effects of sepsis. 
Tomato pomace had earlier been reported to have 
ameliorated rat cerebellar and hippocampal neuronal 
damage by other toxicants like cisplatin, mercuric 
chloride, lead acetate and gamma radiation [6, 17, 
20 ,33] by reduction of the oxidative damage induced 
by these substances. In like manner, TPP and VIT I: 
have demonstrated protective effects against CLP in 
this exper iment by a t tenuat ing the brain tissue 
damage and also by decreasing oxidative stress, as 
confirmed by the histological study and biochemical 
results. 

The c o n s e q u e n c e of the injury to the 
Purk in jc cells , g r anu l e neu rons and pyramidal 
neurons are possible in coordination of skeletal 
movements secondary to cerebellar injury, disruption 
of the memory recording (episodic, semantic and 
spatial), resulting from damage to the trisynaptic 
pathway of the perforanl path which the hippocampal 
formation mediates 134]. The amelioration by TPP 
and VIT I: of these possible effects of sepsis would 
prevent these important neurons from injury hence 
enabling them to perform their functions optimally. 
The limitation of this s tudy included the lack of 
immunohisiochcmieal studies to explain the neuro-
in (lamination and the pattern of neutrophilic reaction 
that accompanied the sepsis. 

Conclusion 
The results of this study showed that tomato pomace 
powder (TPP) and vitamin \i demonstrated protective 
effects in reducing the brain damage caused by CLP-
mduced sepsis via maintenance of the anti-oxidant 
status. The gap in knowledge concerning the effects 
of TPP on sepsis-exposed subjects which our study 
aimed for has thus been filled and has answered the 
research question of whether T P P can protcct rat 
b ra in f rom i n d u c e d s e p s i s . T h e findings may 
s t imu la t e fu r the r r e s ea r ch to harness tomato's 
potential as a possible adjunct in sepsis management. 
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