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ABSTRACT

Thatr 1 gpwwd evsdence that established the connection betwecn dietary polyunsaturated fatty acids (PUFA) and insulin acuon and
gemsuitvsty The main sbyecuve of this study s 1 compare the biological. bochemical and histopathalogical eftects of insulin and
yaseawe ! (poly enssuraned fany acids) on alloxan - induced disbetic rats. 42 Albino rats were divided into 6 groups : the (irst group
{od om hass) dber ( commrel segative) . Rats in the other five groups were all injected subcutaneously with 150 me/kg body weight of
sllasan 1 indere yeemis then those rats were subdivided into the followings: a group that remained as induced diabetic
comtwl postiee |7 group] . 8 group that f=d on bassl diet and subcutaneously imjected with insulin | 1U /kg body weight twice
waskls {7 growp]  # group that fed on bessl diet + injected with balf of the insulin dese mentioned in the previous group + dietary
supplememnizd ik Lettwee ofl 2% (LO2%) [4° proup). a group that fed en basal diet + dictary supplemented with Leutuce oil 4%
(L35 ) |5 growp]. end the 6* group was fed on basal dict + dicary supplementad with Letruce oil 6% (LO6%). At the end of the
raperunisl penod (8 weeks). different biologica) and serolopical parameters were estimated and specimens from the pancreas, liver
wnd budney wer collected for hisopathological examination The results revesded that diabetic rus either treated with insulin alone
w combuned with LO2T Mnmmm;-mnummm;mwmmmodmmm;.
Ran «: the oll the intervention groups ehcited varigble degroes of decling in the serum ghecose level Insulin treated Ansulin +LO2%
1049 gnd LOGS proups showed significan decrease in the seram trighyoerides , LDL and VI.DL and elicited significont [ncrense
0 srvarn DL Addiion of LO2% 1o the diet of diabetic ruts in combination wish wsulin teetion displayed significant decrease n
the uivy nidapen and orestiaing Bywumiu—dﬂd-hmmﬁm.lhemunvaluuorurlcucid&
wies pitropen and ereatinme levels were divected toward the contral negative values Serum aspartate amino ransferase (AST) level
v spiicantly decreased in the groups treated either with insubin only or fod on LOI% & LOOS. Histopathological results showed
fhar the combipation betwsen insulin therapy end distary supplomessation wuth dswruce oil descend (he curve representing lssue
damagr shd htopathological lesions resulied (rom disbetes in the bver, kidiney and pancreanc lissues

INTRODUCTION ' show ol the binding characieristics of mammalian
Altugh the discovery of insulin and i imsulin recoptor, were eoriched in PUFAs” ",
preparations n 8 form serable for administration were sccordmgly m male Wistar rats, fish oil (poly
of immeasurable benefit 0 many toms of thousands of ensanwraind farry acids) Intake resulted in & dose-
#mbetny dnadvemages were stll evident and  man) dependent increase in glusose utilization and clearance
koo af investgation had been followed in amemps © in vive, and an increase in insulin sensitivity'”,
twrcome e difficuloes assocasied with asulbs Tak=n wgether, the current work was conducted
thesag)y™ Other atiompts wore @ obuin a pubstiute © @ evelume e biological, biochemical and
selin Moban and Des™ domonsvated that, ©-3 and histpashological effects of lettuce oil (polyunsaturated
@4 long-chae polynassteresed fary scids (LOPUFA) famy scid) in companison 1o insulin on elloxan-induced
G avenoste chemucatl) auced dasbetes molinas = dabetsc rass.
S b ehencny e essoxaient status and MATERIALS AND METHODS -
| Mppvemg produchan of eytokines. Salmerdn et of ¥ Materials: . '
Srn tha wplsong Y% of cascgy from mans famy . lssulin (Mzumed)®; injeciable solution produced
Se: soonergencally wi PUFAs wosld load ©© 2 by Newp Norduk Co., Deamark ; each ml contains
n“"ﬁdw:hﬂ”“ 100 IU and cach | umst eguals 0035 ml of
Ara ™ T e ol rch @ ecosspenmenns; Mo anhydrows humsn isulia ~
oy Stedom acd (AA) and 7-tisolewx . Swmm Lewue (Laches sstva) sced ol was
oV prevoms e devolopment of sBosas-mduced exzracied™ s Techmology Research Imsuuse,
L“‘mw.hw“u Care, Egypt and Gas Liqud Chromsiography
T peoscs § ool from the Cymmpass actoms of (GLC) techuigue wai employed ta idenuly the
W ong | ' obrained lermuce ouf
o 4 Mo mhiba he producnon of TNF-o: farry acsds pompossuon of the
.‘gt""m-&'uumd . Allossn cascin, cellulose, viamms and ‘st
O ey OO b i v whih may eaplen sbsotue sicohol. Canads balsam, formalsn, methyl
"‘n:‘gw:""‘mﬂl-hﬂwlﬂ' .\ m'uﬁ-?uﬁnyhumm -
o g o " SeGn foppd . positive  comelsuon rwn male aibmo s wesghting 8 .
Cr gy o) Poiyencatorased famy acuds and smie . wore obuined from Helwan Fem
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Methods: -
The experimental design:
Forty two male ra

: steel cages under hygie s S
::gc:n::::ks on ba:al diet for adaplation ad !:‘.buum in the
animal house of Faculty of Home Economics, H_clwan
University. The basal diet in the experiment consists of
casein (12.5%), com oil (10%), choline chloride
(0.2%). cellulose (5%), sucrose (22%), corn starch
(45.3%) , salt mixture (4%) and vitamin mixture
(1%)"".
After 2 weeks, The rats were divided into 6
groups; each of 7 rats; as follows: the first group fed on
basal diet and kept as a control negative group. Rats in
the other five groups were all injected subcutaneously
with 150 mg/kg body weight of alloxan after fasting
overnight to induce hyperglycemic diabetes”, then
those rats were subdivided as the followings: a group
that remained as induced diabetic ‘control positive’ [2"
groupl, a group t(hat fed on basal diet and
subcutancously injected with insulin | IU /kg body
weight twice weekly™ [3" group]; a group that fed on
basal dict + injected with half of the insulin dose
mentioned in the previous group + diclary
supplemented with Lettuce oil 2% (LO2%) [4" group);
a group that fed on basal dict + dictary supplemented
with Leltuce oil 4% (LO4%) [5™ group], and the 6"
group was fed on basal diet + dictary supplemented
with Lettuce oil 6% (LOG%).

Al the end of the experimental period (8 weeks),
blood samples were collected for serum separation to
estimate serum cholesterol, triglycerides and HDL-¢",
LDL-c and VLDL-c"", AST, ALT"“ and glucose®?,
Rats  liver, kidney, hearl, brain and spleen were
isolaled, weighted and % of organs o body weight was
compuled.

Histopathological technique:

Specimens of the liver, kidney and pancreas
were fixed in  20% ncutral formalin  for
histopathological examination using Lillie and Fulman
technique''.

Stalistical analysis:

The statistical analysis were carried out by using
SPSS, PC statislical sofiware (version 8.0 SPSS Inc.,
Chicago, USA). The resulls were expressed as mean +
SD. Data were analyzed by one way analysis variance
(ANOVA). The dilferences between means were tested
for significance using least significant difference
(LSD) test at (P<0.05)"".

RESULTS AND DISCUSSION

Chemical analysis of the obtained lettuce oil
using GLC revealed the [lollowing fatty acids
composition: Coprylic C8:0 (0%), Capric C10:0 (0%),
Lauric C12:0 (0%). Myristic C14:0 (0.1%), Palmitic
CI6:0 (1.5%), Palmitoleic CI6:1 (0.4%), Margaric
C17:0 (0%), Hepta decenoic C17:1 (0%), Streaic C18:0
(1.3%), Oleic C18:1 (30.9%), Linoleic C18:2 (33.2%),
Linolenic CI8:3 (26.8%), Arachidic C20:0 (0.9%),
Ecosadicnoic C20:2 (0.1%), Behenic C22:0 (0.5%),
Erucic C22:1(2.3%), 13.16Docosa dienoic C22:2
(1.5%). Lignoceric C24:0 (0.2%), Selacholeic C24:1
(0.3%), Total saturated Fauy Acids (SFA) (4.5%),
Total monounsaturaled Fatty Acids (MUSFA) (33.9%)

is were kept in individual
nic conditions and fed
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and Total
(61.6%).

We notice from this analysj
polyunsaturated fatty acids (PUFa) rﬂ, Sty the

: . Ms (he
proportion (61.6%) of leltuce oil fany acid Major
so lettuce oil considers a good source of pU‘m““““tm; :

P FA.
1. Biological effects: .
A. Nuiritional evaluation:

Effects of insulin and lettuce gj) ,

on food intake (FI) , body weight gain adm‘"“htmn

. ; . gain (BWG) o

food efficiency ratio (FER) in alloxan-indyceq di a

rats are shown in table 1. The mean mluggla}?‘lc
(gm/day) of the control (+) group were markeq| ? H
than that of the healthy normal rais control (.{ :;r“
the control (+) group revealed a significant dccrca,;."'
the mean values of FER and BWG Tecompared , I:
those of the control (-) group. n

The weight loss observed in the induced
diabetic rats was mostly attributed (o the failure of gy,
body to make use of the glucose so, the body directeq
toward muscles degradation and lipolysis o get enery,
therefore decrease in BWG % s familiar 10 pe
observed™ and this weight loss take part in decreasing
the blood glucose level in diabeles as reparied hy Al
Shamsi et al.®",

As exhibited also in table I, diabetic rats reaed
with insulin only or in combination with dietary LO2%
showed significant increase in the mean values of FER
compared with the control (+) group while diabetic rats
treated with insulin alone demonstrated significant
increase in BWG% compared with the control (+)
group.

The formentioned findings highlightened the
fact that, insulin is a key hormone in the regulation of
food intake, nutrient storage and nutrient partitioning,
and is linked to proper animal growth **'.

This study documented that, diabetic rais fed
LO4% and LOG6% elicited improvement in FI and FER
compared with the control (+) group,

The previous findings stressed on the fact that,
Polyunsaturated fatty acids (PUFAs) of the n-6 and n-
3 families are necessary for proper growth and body
function and it seems to be a beneficial effect on
clinical outcomes by enrichment with dietary PUFAs.
Several factors may account for these observations
First, serum LDL-cholesterol concentrations lend 10
decline when saturated fatty acids are replaced with
PUFAs in the diet™, Second, PUFAs may have
antiatherothrombotic effects on growth factors:
cytokines, and signal molecules™ *'. Third, PUFA-
rich food sources are ofien rich in antioxidants'™.

B. Organ weight as a percent of body weight:

The mean values of (heart, liver, spleen. kidney
and brain) weights as a percent of body weight in all
the tested groups of rats are shown in table 1. The
results revealed a significant decrease in the mea?
values of the heart weight as a percent of body weith!
in the control (+)group compared with the controll
)while there was a significant increase in the mean
values of the kidney weight compared with the cont®
(-) .Non-significant changes in the liver, spleen @
brain weights were observed in the conwol (+) @8
compared with the control (-).

polyunsaturated _p:‘“"y.'Acids- " : U
: PUSEy,
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These results are fit with those obtained by
Craven et al.® who reported a positive correlation
petween diabetes and increase kidney weight and they
stated that untreated diabetic rats have shown two fold
and seven fold increase in glomerular volume and
albumin clearance, respectively.

Rats in the groups treated with (insulin +LO2%)
and those dietary supplemented with LO4% showed
significant increase in the mean value of liver weight
while non-significant changes were recorded in the
heart, spleen kidney and brain weights in all treated
groups compared with control (+).These result are
match those obtained by Gaiva et al.*” who reported
that an enrichment of the diet with polyunsaturated
fany acids produced significant changes in liver
metabolism associated with increase in the liver weight
and far contents. Previous studies have shown that
dietary PUFAs increased fat cell size or more fat cell
numbers, and raised hepatic lipogenic enzyme
activities which may account for the increased liver
weight obtained. Types of PUFA used, quantity of fat
in the diets, and length of time studied are just a few of
the factors that may affect the results™.

2. Biochemical analysis of serum:
A. Lipid fractions:

Effects of insulin and lettuce oil administration
on lipid fractions in alloxan-induced diabetic rats are
presented in table 2. It could be noticed that the control
(+) group showed a significant increase in the mean
values of serum “triglycerides, LDL-C and VLDL-¢ *
Comfnred with those of control (-) group. Stamer et
al.* supported the above mentioned results as they

recorded that the most common lipid abnormalities
found in diabetic individuals are hypertriglycemia,
elevated VLDL-c and decreased HDL-¢.

Significant decrease in the mean values of
serum triglycerides, LDL and VLDL were recorded in
(insulin treated, insulin + LO2%, LO4% and LO6%
groups) compared with the control (+) whole the group
of rats that fed on a diet containing LO4% showed
significant increase in total serum cholesterol level
compared with the control (+). The mean value of
serum HDL demonstrated significant increase in all the
Intervention groups compared with the control (+).

b The previous findings is highly commendable
l : Lawson et al.%% and Hayashi et al.?” who stated
d:l insulin therapy leads to significant rise in high
“dq nsity, lipoprotein cholesterol (HDL-C) level with a
C’JOF in the low density lipoprotein cholesterol (LDL-
0 HDI:-{‘ ratio and LDL-C level.
cone This effect of insulin may be supported by 2
VLbcLPlClhal. insulin regulates both the secretion pf
'cmov;| LDL-C from the liver into the plasma §Dd its
iPOpmlc:: llhe peripheral tissue through its action on
Femoving or‘m LPL" enzyme, a key enzyme in
-y m?n::ﬁf,’"“,’ inhibition of this enzyme by insulin
- I‘P“P'“ﬁcfn |CVcli‘s"£.ls' in a marked dq:rense in serum
' -faciﬁtnt[‘e)'lgeis rich in PUFA have "been shown 1©
- Lpg, ’ interaction of lipoprotein triglyceride with
INcreasing the solubility of lipids in the
Poproteins'*?, ) :

triglycerides and lipoproteins from the-
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One possible alternative scenario is that , the
decline in the serum lipid parameters( serum
triglycerides, LDL and VLDL) which followed dietary -
supplementation of diabetic rats with polyunsaturated
fatty acids may be due to suppression of the
transcription of a wide array of hepatic lipogenic genes
including fatty acid synthase (FAS) and acetyl-CoA
carboxylase. Interestingly, the over-expression of sterol
regulatory element binding protein-1 (SREBP-I)
induced (he expression of all of the enzymes
suppressed by PUFA so it can be hypothesized that,
PUFA coordinately inhibit lipogenic gene transcription
by suppressing the expression of SREBP- 1%

Harris and Bulchandani® stated that the
triglyceride-lowering effect observed in  rais fed on
PUFA, has been auributed mostly to a decreased
lipogenesis and partially to increased B-oxidation,
consistent with increased mitochondrial compared with
peroxisomal oxidation.

B. Kidney functions:

Effects of insulin and lettuce oil on serum uric
acid, urea nitrogen and creatinine in alloxan-induced
diabetic rats are presented in table 3. Control (+) group
showed a significant increase in the mean values of
serum uric acid and urea nitrogen compared with those
of the control (-) group. This is in agreement with both
Asayama et al.°? who found uric acid to be increased
in the serum of diabetic rats and Imaeda et al.”” who
reported that blood urea nitrogen was increased as a
result of injection with streptozotocin. This can be
attributed to the increased rates of protein calabolism
and gluconeogenesis for obtaining energy because of
the body's inability to utilize blood glucose due 1o the
lack of insulin production and/or action™® **". Renal
dysfunction due to oxidative damage associated with
diabetes is an important reason as well'‘?.

Diabetic rats treated with insulin only or in
combination with LO2% elicited significant decrease
in the mean values of serum urea nitrogen and
creatinine compared with the control (+). Insulin
weated rats showed significant increase in uric acid
compared with control (-) group.

Yanan Zheng et al."" credited these findings to
the fact that, insulin is known to bind to most of the
nephron segments and to modify several functions of
renal tubules. Little is known about roles of insulin
receptor substrates (IRS) in the renal insulin actions but
several intracellular proteins have been identified as
phosphorylalion substrates for the insulin r_nceptor.
when IRS-1 is activated by phosphorylalio.n. it serves
as a lype of docking center for recruitment fmd
activation of other enzymes - that ultimately mediate
insulin's effects”. _ o )

On the other hand, hyperglycemia potentiates
insulin antinatriuresis through an effect on the proximal
tubule and Insulin antinatriuresis is acc_:omp_an‘lgd by a
reduction in the urinary excretion of uric acid®” which
lain the increase in the serum uric acid Icvgl

ined in insulin treated rats. “ Vo
obtmncﬁ" u:t::scumm oy, it has been shown  that,
ith LO4% -and LOG6% (0

howed significant decrease in the mean

diabetic rats 5 : |
values of urea -nitrogen compared with Vconu‘-ol (+)-




——

Naglaa Z.H. Eleiwa ef al.

{ decrease in the uric acid

while there as 8 signfient JEC00 T ) 06% only

and creatinine in the group

ared with control (+) group .
o It seems essential, from this prospective, 10

emphasize that polyunsaturated fatly uclds (:U:o?'
either of n-3 or n-6 lype arc com:crlcd u?l ¢ body
into more complex PUFA called eicosanoids. These
eicosanoids are hormone like mo!eculcs that have V(:y
pronounced effects on the regulation of numerous b by
functions and they exert renoprolective effects by
reducing  glomerular  hypertension,  intra renal
inflammation, hyperlipidemia, lipid peroxidation, and
intrarenal growth factor elaboration (a scaring type of
growth).They stop and aclually reverse ' the
inNammation and prevent the formation of scar tissue
that destroys normal renal function?,
C. Liver functions:

Effects of insulin and lettuce oil administration
on AST and ALT in induced diabetic rats are presented
in table 4. Diabetic rats (control +) showed highly
significant increase in both AST and ALT enzymes
levels compared with the healthy rats (control -) . Data
showed that serum AST level was significantly
decreased (P<0.05) in the groups treated with insulin
only, fed on a dict containing LO4% and LO6%
compared wilh the control (+).Diabetic rats in all the
tested groups demonstrated significant increase in the
mean values of serum ALT level compared with the
control (-) group.

It is well known that high levels of AST and
ALT in serum are indicators for liver dysfunction.. The
liver dysfunction associated with diabelic was reported
by Vidro et al.“ and can be autributed to elevated rates
ofl. l!ﬁid pcrroxidn:tion and decreased level and/or
aciiviies ol endogenous antioxidant enzymes i
Iiver‘:“' 7 Imaeda et al“? supported Ih):: :;o\lr:
;‘:e"l::ﬂeri {ﬂt_llldS- They reported that injection with
o : S‘l"z: n(:ic:: L:;l_ uced an increase in the serum levels

The improvement in fiver functj
observed in diabetic rats treated wilhoir;sf,ﬁnﬂm:wgz
attributed, at least in part, 1o (he ¢ —
allenuated hepatic dap i that insulin

: mage by decreasing the hepatic
enzymes and improving the hepatic integrity, hepati
glucase metabolism and hepatic functi . cpatic
cell survival and i ction by increasing
res alienuating the hepatic inflammayo
responscs by decrensing the pro-inflam 4

P mato: d
:x:::;mgh the anti-inflammatory  cageq ch l:n
ng ic ' . '

ne hepatie homeostasis, whicl, has been sho;l:

to be crilical for
i organ  funclj .
criically ill paieqis®h 100 and. suryi

On the other hand, py
protect against varipys lypes

val of

act as nutrient sensors, includin Peroxi
prolifcmtor-activalcd receplors (PPAR “'Pha;;:?\e
gamma), sterol regulatory element binding Pmtcl-u
(SREBP-1/2), and liver X  receptors 0 )I(nu
nlphn/belﬂ)m)- i R
D. Glucose:
Effects of lettuce oil supplementation gq sery
glucose levels (mg/dl) In alloxan-induced diabegi raT;
compared with insulin are presented in |gh|e 5
Untreated diabetic rats revealed a highly significan
increase in the mean value of serum glucose compareg
with the healthy normal rats. Frier et al” ang g,
and Berkow®" attributed this effect to the fack o
insulin level and /or action in diabetics. All the tresiq
groups elicited significant decrease in the mean vajge
of serum glucose level compared with the conrol (4)
group and the highest significant decrease in the serum
glucose level were recorded in diabetic rats treasy
either with insulin alone or in combination with LO2%
compared with the control (+).Diabetic rats fed on diex
contained LO6% showed more favorable significant
decrease in the serum glucose level than the group fed
on diet contained LO4% compared with the control (+).
Our findings could be cleared up by the view
that dietary fatty acid composition seems (o affect
insulin secretion and insulin resistance™ * *' and
there is a positive correlation betwesn dietary
polyunsaturated fatty acids and insulin action and this
concept is supported by evidence indicating that
increased intakes of (LCPUFAs) reduce msubin
resistance as the number of insulin receptors increzsss
when Ehrlich cells, which show all the bindinz
characteristics of mammalian insulin receptor, wer
emriched in PUFAs™ ¥, The mechanisms linking
dictary fat quality to insulin sensitivity are mot
completely understood; however, the effects of dietary
fatty acids on this biological function are believed to b
mediated, at least partially, through the fatty acid
composition of cell membranes. A specific fauy acids
profile in cell membranes could influence insulin
action through several potential mechanisms, including
altered insulin receptor binding or affinity, and by
Influencing ion permeability and cell signaling™-
Insulin sensitivity may be improved as a result
of the effects of polyunsaturated fatty acid intake 07
membrane fluidity®” ¥, The jmprovement in gl
uptake afer membrane enrichment with PUFA
apparently related (o an increase in the residency ime
intrncen:le' Which leads 1o an “pa"mgg 0 d 1o
incre edf"' pool of glucose-G-phosphate” A1
ased skeletal muscle glycogen synthesis' et
has becaﬂ;::e other hunfit ingestion of PL.JFA’mhug:n -
Number own to facilitate insulin action thro of
hc".-l: t,e" of metabolic effects including suppressio” %
"igly::irilc;gogF %als, reduce the hepatic umgmfau)"
acid Oxidaf" enhance ketogenesis, and '"dug-keleml
Musc|as) 1!011 in both the liver and (he :,plniﬂ
an acya ; aken together, these effects might Fiin
.. Improvement in glucose uptake 4n _’.“'
Sensitivity afier PUFA i g’ (59) -
ingestion"™”,
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Table (1): Effects of insulin and lettuce oil administration on F, BWG%,
e;pcrimcnlnlly-induccd diabetic rats

FER and organ weight /body weight % in

Organs welght / body welght %

Parameler | 1 BWG% FER
g/day McansSD MeantSD MeanzSD
M Ileart Liver Spleen Kidney Brain
l ———
(c)n e 1035 | 8.69426.25* | 0087:0.06" 0.52220.18* 2934:020"® | 03082001 | 0.47820.10° | 055020 0t
~Control
‘C:)mtrn 642 | -28942468" | -0 11720.16° 0359:008" | 2070:020° | 0.334:006* | 071020 14*" | 0478202 "
[ lnsuln 678 | 5.25322.96% ] 004620 02" 027040 01" SETTET 5™ | 63712014 | 058Gz0.11%_| 0521=011
elnsulin +
1.(')‘;‘;" 782 | -4.14525.92° | 00542022 034520031 | 3.089:047* | 0353:012* | 05852007 | 052620 0G1*
[ 1.04% N385 | 7.0912004° | 00682008 | 04052014 | 3.291034* | 0.302:0057 | 066920 12| 05900054
L1065 796 | 924925 60"_| -0.075:004™ | 0.336=005" 4802028 | 0235:003° | 07572008~ | 0621=0217
LS. - 7.889 0.162 0138 1 003 0.115 0.146 0.15)
n. LO2%: Lettuce oil 2%. LO4%: Lettuce

Control (-): Control negative, Control(+): Control positive, *insulin: half of the therapeutic dose of insuli
ol 4%, LOG%: Lenuce oil 6%. Fl: Food intake. BWG %: Body weight gain. FER: Food efficiency ratio. L.S.D: Least significant differences . Mean

carrying different supersenpls in each column are significantly different at p < 0.05.

Table (2): Eltects of insulin and lettuce oil administration on lipid fractions in experimentally-induced diabetic rats
[ Parameters Lipid Fractions (Mg/dl)
MeanzSD

Groups Cholesterol Triglycerides HDL LDL VLDL
Control (-) 78.592+10.192" 42.760+3,965 55.869:8.899" 17.71723.322" 8.552+0.792"-
Control (+) 101.954=50.814°C | 118.856224.694" 28.449+1.577° | 91.711x36.128" 22.794+5.130*
Insulin 87.498+10.687 65.146=7.813° | 49.159+2.438° 37.829+15.324°P | 13.028=1.562°
*[nsulin+LO2 % l33.9‘3'2:1:49.5537"B 59.756+7.562" 59.296+9.618" 43.845:6.8%“_ 11.950+1.512°
LO4% 172.054257.628" | 69.658+8.810" 70.507+12.405" | 41.636x1.935" | 13.9311.761
LOG% 136.656=17.877 69.764+6.350" 80.213+7.860" 21.847+30350%" 13.950=1.270
L.S.D 50.263 15.643 10.602 21.406 3.214

*insulin: hall of (he therapeutic dosc of insulin. LO2%: Lettuce oil 2%, LO4%: Lettnce

holesterol. VLDL-c: Very low density

Cantrol (-): Control negalive, Control(+): Control positive.
oil 4%, LO6%: Letuce oil 6%. ITDL~c: High density lipoprotein cholesterol. LDL-¢: Low density lipoprotein ¢
Mean carrying different superseripts in each column are significantly different at

lipoprotein cholesteral. L.S.D: Least significant differences
Table (3): Effects of insulin and lettuce oil administration on serum uric acid, urea nitrogen and creatinine levels

(mg/dl) in experimentally - induced diabetic rats
Parameters Uric acid Urea nitrogen Crealinine
Groups : Mean = SD Mean + SD Mean = SD
Control (-) 1.389+0,349" 16.020+1.053° 0.4690.218""
Control(+) 2.066£0.564" 28.219+2.157" 0.588+0.019"
Insulin 2.118£0.481" 20.879+2.003" 0.380+0.029°
*Insulin+LO2 % 1.846+0.098" 20.17322.199°C 0.384=0.097°
LO4% 1.638+0.4247°C 20.197£1.898°C 0.541+0.058"™"
LO6% 1.166+0.175" 18.239£1.773% 0.407+0.189"
L.S.D 0.503 2.463 0.166
*insulin: hall of the therapeutic dose of insulin. LO2%: Lettuce oil 2%, LO4%: Lettuce
h column are significantly differentat p

Conlrol (-): Control negative, Control(+): Control positive.

0il 4%, LOG6%: Lettuce oil 6%. L.S.D: Least significant differences . Mean carrying different superscripts in eac

<0.05.

. Table (d): Effects of insulin and lettuce oil Table (5): Effect of lettuce oil administration on
administration on aspartate amino transferase serum glucose levels (mg/dl) in experimentally -
(AST)and alanine amino transferase (ALT) "TU/L" in induced diabetic rats compared with insulin
experimentally -induced diabetic rats -

Parameters AST ALT Parameter “Glucose level
Groups Mean = SD Mean = SD - | Groups Mean = SD
Control (-) 12.59323.946°0 | 7.514£3.625" | Comol ()|, 89.519:3.938"
ICOnlE'oI{-n-) 33.316<9.071~ | 14.95324.603" Control(+) - 165.914+1.463"
.rllsuhrf 21.537+3.156°C | 14.206+2.879" __Insulin 93.174+4.453" .
T(I)liu;m-a—LOZ% 27.250+4.165 14.421+3.208" *Insulin+LO2% 105.974 +33.334"
[o4% T 24.8327.850° | 16.090+1.846" LO4% 116.701235.823"
IS | 12.930:3.466" | 14.7831.758" LO6% 111.870+24.968"
— 7.517 4,107 L.S.D 20.456

“lasuliy. | . Control (-): Control negative, Control(+): Co iti
"ol 2, u‘ﬂ:’:ﬂ':l;h‘ﬂ?tnuc dose of insulin. LO2%: Letuce " *Insulin: half of the lhmpcgulic dose ol'in:u(lir)l. L%%.";brglumx?i
I‘-‘can significant di‘-’rl;:r:l“::. LOG::;: Leltuce qil 69‘0& lr}.S.D: l‘i%.lf:ofl%: Lettuce oil 4%, LOG%: Lettuce oil 6%. L.S.D: Leas
'Perienpts . Mean carrying different  significant differences. M ing di oy
005, ,"‘ _each column are significantly different al p < column are significantly d??f:r?nﬁ:';,g:gr;;em superseripts in eact

21 -

~ Contral (9 | :
"ol {-): Control negative, Control(+): Control positive.
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3. OHistological resulls:

- Liver: Y
= histopathological  cxaminations

The hepatic ) .
denoted healthy intact hepatic tissue in the control

negative group (figure 1).Scvere lesions were detected
in the control positive diabetic rats in the form of, large
focal arcas of coagulative necrosis with leucocytic
infiltration (figure 2) and scvercly vacuolaled and
degenerated hepatocytes  with  binucleation. Both
insulin treated and (insulin + dictary supplementation
with LO2%) treated diabetic groups showed apparently
intact healthy hepatic tissue (figure 3). Mild congestion
in the central vein and blood sinusoids was the main
pathological lesion that appeared in the diabetic rats
fed on lettuce oil 4% (figure 4) while diet
supplemented with lettuce oil 6% revealed mild degree
of hepatocytes degeneration with small focal necrosed

area infiltrated with leucocytic cell (fi 5).
ET T BADAROY, 7t

Flgure 2): Liver section euuml"' Pt e
large focal area of coagulative P:‘l:fuMcmmm
(LI&E x 200) i Sucocytic infiltration

IRY 7 -

om disbetic rals treated with j
8 3pparcaly intact healthy
(I%E x 100)

on LO2% demonstratin

l?lgun(!a): Liver section from diabetic rats dietary gypn| .
with LOG % showing mild degree of hepatocytes d‘lﬂ;’fmianw
small focal necrosed area in between infilirated with leucocyfie itly

(HAE x 200) eella

- idney: '
Microscopical examination of the reng)
revealed very mild degree of congestion in (he
negative group (figure 6). Severcly atrophied
glomerular capillary tuft and severely
renal tubules were recorded in the conirgl
group (figure 7). Insulin treated diabetic
(insulin  +L0O2%) treated rats denoted mildly
degenerated renal tubules  (figure 8). Vacuolar
dggengmﬁoninlhermalmbm:swas&wvedinmg
d{abeqc rats fed on lettuce oil 4% (figure 9) while
diabetic rats fed on lettuce oil 'p% showed focal

scattered areas of coagulative necrogis amon
tubules (figure 10). g the reza]

]

-
rals and

A D St~ B
: Degative rats showing mild
congested renal tubules (HEE x100)

Contrg]

B e e ———— e DT
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Figare (9): led:ondubdxcnn dieurypped
with LO4% demonsirating vacuolar depeneration in the renal tubules
' (H&E x200)

———— -t
Figure (14): Pmuﬁcuaionﬁ'omdiabaicmuﬁdwﬂb-mﬁn
+ fed on LO2% demoostrating moderately dilated pancreatic dnct
(H&E x 100)

- Pancreas:

Histological examination of the pancreatic
tissue showed normal pancreatic lobules and normal
pancreatic acini in the control negative group (figure
11). Severe mmltiple pathological lesions were scen in
-the control positive diabetic rats including; vacuolarly
degenerated pancreatic acini, hyperplased pancreatic
islets and severe hyperplasia in the pancreatic duct with
newly formed pancreatic ductules (figure 12). Mild Figure (15): Pancreatic
congestion and dilated pancreatic duct were observed displaying sever congestion (H&E x 200)
in both insulin treated diabetic rats and insulin + LO2% -
treated diabetic rats (figures 13 and 14). Diabetic rats
© fod on LO4% showed severe congestion in the
pancreatic tissue (figure 15) while there were
- hyperplasia in both pancreatic ducts and pancreatic
i@_@_ipﬂndia%eﬁpratsfedonlﬁ%(ﬁgmelﬁ)
e M P A G ¢ -

-, Iy =S A

We really have no way of knowing how could
insulin and lettuce oil improve these pathological
lesions induced in diabetic rats .Acknowledging this
limitation, shuffling through previous scholarly articles
would enlighten us with quite unerring clue.

It is currently hypothesized that, dietary intake
of PUFA ameliorate the histological tissue
.The possible beneficial effect of PUFA is not only
attributed to their inhibition of PGE2 and leukotriene
B, (LTB,) synthesis, but perhaps also to modulation of
pro-inflammatory cytokines®”. Similarly, Lee et al. "
recorded that diets enriched with PUFA may have .

. antiinflammatory effects by inhibiting  the §5-
: o s . Iipm_:ygen‘a_se pathway in neutrophils and monocytes
" thowing sever hyperplasia in the pancreatic duct (d) with newly and inhibiting the leukotriene B4-mediated functions of
. formed pencreatic ductules. (arrow) (HAE x 100) i ‘neutrophils, , - ‘
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. decreased the

nsulin
.Ontbc game ground, [ ‘il Me bz
hepatic mnflammatory kines mRN

derrwmg!:pﬁicpro-in_ﬂa
and proteins imerlenkin-J ‘bd.l caspases-)
hepatocyte apoptosis slong with decmﬂ’- . e
and -9 concentration. thus improving !werd:'r“-:l;c ;
Irsulin also stenustes the hepanc -
mfMammstary r:;pmuc b:g -

nflammaksry and Incrcas! ants .
;nm and improve tbcs’mhepmc integrity,
gawning hepatic bomeostasis . )
’ rgm data found common grounds ‘:.'sfh lll::
results previously obtained by Ayan et al. du;'
reponied that, insulin therapy can prevent o clay
urdynamic snd histopathological changes In diabetes

mellitus
Il is trustworthy 1o mention that, €XOgenous

' lucose
insulin suppresses the exprmum_of the g
trensporier 2 (GLUT;) and insulin in pen-cells. and
thix may prevem the disbetogenic effect t_)f
strepiozotocin - which induces diabetes mellitus in

experimental animals“®.
CONCLUSION
The study recommended the beneficial dietary
supplementation of Jettuce oil in combination with
imulin (herapy in dealing with diabetes to decline the
consequent diabetic complications.
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