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SUMMARY

The effects of an intermittent and prolonged dietary restriction on biochemical variables and histological small intestinal
patternsin 12-month-old male eSMT rats are examined. These spontaneously diabetic animals wer e separated in two groups
after weaning: 10 ratsfed ad libitum with standard rat chow and 10 ratsfed arestricted diet by deprivation of the same food for
24 hoursevery 72. At 12 months of age, animalswere weighed and euthanized after tail vein bleeding for plasma analysis
(glycemia- both fasting and 120 minutes after an oral glucose challenge-, triglyceridemia and total cholesterolemia). Small
intestines wer e removed, weighed and measured in length.

Intestinal specimenswer e fixed, embedded in paraffin, semi serially cut at 6 um and stained with PAS-Hematoxilyn and
Hematoxilyn-Eosin. Histometry was performed through alinear devise attached to ocular lensand lectin histochemistry was
accomplished employing Canavalis ensiformis, Dolichos biflorus, Arachis hypogea, Ulex europaeus-, Triticum vulgaris, Ricinus
communis and Soy Bean (Glicine Max) Agglutinin. Essentially, eSMT rats, a suitable animal model for studying diabetes and/or
itscomplications, revealed at 12 months of age after undergoing the dietary restriction: 1.- An expected improvement in body
weight and deter mined biochemical variables (fasting and after glucose overload glycemias, triglyceridemia and total
cholesterolemia) without reaching euglycemic values. 2.- Changesin most of the analyzed histometric patterns with no relevant
reflection on morphometric ones, and 3.- No modificationsin lectinhistochemical patterns.
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RESUMEN:

Se analizaron los efectos de una restriccion dietética intermitente y prolongada sobre variables bioguimicasy patrones
histoldgicosintestinales en ratas macho eSMT. Estos animales, diabéticos espontaneos, fueron separados en dos gr upos luego de
su destete: 10 fueron alimentados ad libitum con dieta estdndar pararatasdelaboratorioy 10, sobrellevaron una privacion del
mismo alimento de 24 horas cada 72. A los 12 meses de edad, los animales fueron pesadosy sometidos a eutanasia tras de
extraerles sangre de la vena dela cola para andlisis plasmaticos (glucemias en ayuno y tras 120 minutos de sobr ecar ga gllcida,
trigliceridemiay colesterolemiatotal). El intestino delgado fue removido, pesado y medida su longitud.

L os especimenes fueron fijados, incluidos en parafina, cortadosa 6 um de modo semiserial y coloreados con PAS-Hematoxilinay
Hematoxilina-Eosina. La histometria fue llevada a cabo mediante un dispositivo lineal ligado al ocular y lalectin histoquimica,
empleando Canavalis ensiformis, Dolichos biflorus, Arachis hypogea, Ulex europaeus-I, Triticum vulgaris, Ricinus communis and
Soy Bean (Glicine Max) Agglutinin. Esencialmente, lasrataseSM T, un modelo adecuado para el estudio de la diabetes y/o sus
complicaciones, revelaron alos 12 mesestraslarestriccion dietaria seguida: 1.- Una esperada mejoria en el peso corporal, en las
glucemias en ayuno y tras sobrecarga gllcida, en latrigliceridemiay en la colester olemia total aunque sin alcanzar valores
euglucémicos. 2.- Cambios en la mayor ia de las lectinas analizadas per o sin reflgjo sustancial en las variables morfométricas, y 3.-
Ausencia de modificaciones en lo que serefiere ala lectinhistoquimica.

PALABRASCLAVE:Diabetes. Rata. Dieta. Tubo digestivo. Bioquimica. Histologia

INTRODUCTION

Diabetes mellitus, long considered a disease of minor significanceto world health, is now taking its place as one of the main
threatsin the 21th.century. The diabetes epidemic, both in developed and developing nations, particularly refersto type 2
diabetes, a metabolic disorder primarily characterized by insulin resistance, relative insulin deficiency and hyper glycemia.
Usually associated with overweight and obesity, its prevalence hasrisen at an alar ming pacein thelast twenty five yearsleading
to foresee a number of diabetic persons near 366 million for 2030. Consequently, new studies on thistopic become strictly
necessaryl-2,

Distinct animal species have been widely used for investigating the different diabetic types and contributed to the current
knowledge on this metabolopathy3-8,

Exceeding induced diabetic animalsthrough diet, alloxan, streptozotocin, surgery and transgenic procedur es, those spontaneous
or genetically ones (mice and rats) keep being relevant for analyzing the diabetic syndrome®.

Among the spontaneous or genetically animal models for diabetes, theeSMT rat was developed in our laboratory of Biology by
crossing eSSrats (a non obese model of type 2 diabetes) with Rrats (a fertile obese model revealing nor mocholester olemia,
hypertriglyceridemia, and type 2 diabetes). This synthetic line evidences overweight like 3 and shows an early beginning of the
diabetic syndrome, an enhanced evolution of fasting hyper glycemia and glucose intolerance like eSS%-10,

Continuous or inter mittent dietary restriction (DR) diminishesthe expression of the diabetic syndrome and has been employed
for managing type 2 diabetes and treating obesityll. Likewise, DR also affected the mucosal growth, the mor phology and the cell
cytokineticsin the small intestinel?. Furthermore, DR diminished body and intestinal weightsin adult male Lewisrats, put into
evidence lower body and liver weightsin adult control rats, prevented duodenal hyperplasia and augmentation of ileal villus cell
number in 20 months-old -rats, reduced fasting glucose concentrations, triglycerides and cholesterol and increased apoptosisin
the small intestine of aging rats!3-15,

Although the effects of limiting caloric input depend on theinitial age of restriction16-17, chronic caloric restriction augmented
longevity, improved insulin sensitivity and lowered lifetime glycemia.

Extending former experiencesin eSSand eSM T18-20, the aim of this study was to study the relation between the glucolipid
profile and some small intestine histological patternsin maleeSMT rats exposed to an inter mittent dietary restriction.

MATERIAL AND METHODS

Animalswer e housed in aroom with standard environmental conditions (24°C, 12 hourslight/12 hoursdark schedule cycle, air
exchange, tap water ad libitum and standard rat chow). 20 eSMT rats wer e separ ated in two groups after weaning: 10 ratsfed ad
libitum (AL) with standard rat chow and 10 ratsfed arestricted feeding schedule (R) by deprivation of food for 24 hoursevery
72.
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At 11 months of age, animals wer e placed in metabolism cages. After a5 - day adaptive period and during 10 days, food intake
and body weight wer e determined for calculating the total food intake, the mean body weight and therelative food intake
(mg/100 g body weight).

At 12 months of age, animals were weighed (BW) and euthanized after tail vein bleeding for plasma analysis (glycemia- both
fasting - GO - and 120 min after an oral glucose overload - G120 -, triglyceridemia - TG - and total cholesterolemia- TC -).
Abdomen was cut and opened along the midline and the small intestine (from pylorusto theileocecal junction) wasimmediately
dissected, removed, flushed with PBS (phosphate buffered saline) at 4°C and subsequently trimmed of fat and mesentery. Weight
(SIW) and length (SIL) of the small intestine as well as SIW/BW x100 wer e then calculated.

Plasma Analysis

Fasting glycemia (18-h fast) and 120 min glycemia after an overload of 10% glucose (200 mg/100 g body weight) via stomach
tube wer e deter mined by the glucose-oxidase enzymatic method using a commercial kit (Wiener Laboratories, Argentina).

Triglyceridemia and Total Cholesterolemia (both 18-h fast) wereregistered through an enzymatic-colorimetric method using
commercial kits (Wiener Laboratories, Argentina).

Every dosage was carried out at the same hour in the morning for avoiding possible variations due to cir cadian rhythms.

Histomor phometric Study

Segments of small intestine (25 cm from pylorus) wer e removed. These portions wer e cut along the mesentery border, pinned in
balsa wood, fixed in Carnoy'sfluid, enbedded in paraffin, semi serially cut at 6 pm mounted 1 out 40 section and stained with
Peryodic Acid Schiff + Hematoxylin (PAS+H). A calibrated eye objective micrometer was employed. Villi heights wer e measur ed
in those sections showing the entire villus from base to tip and villi width, at the middle of each villus. Total wall thickness,
mucosa thickness (distance from villus tip to muscularis mucosae), crypt depth (distance from villous base to muscularis
mucosae), goblet cellsvillus and enter ocytes/villus wer e complementarily measured. A minimum of ten measurements/ rat was
achieved.

L ectinhistochemical Analysis

Considering the inter actions among lectins, histomor phometry and/or biochemical variables, specimens wer e successively fixed
in Bouin'sfluid for 45 min. and 10% formalin in 0.01 M phosphate-buffered saline (PBS-pH 7.2) for 3 hours. Par affin embedded
tissueswere cut at 6 um, stuck on slideswith Vectabond, depar affinised with xylol and hydrated with acetone-alcohol. These
sliceswereincubated in 3% hydrogen peroxide in absolute methanol during 20-30 min for inactivating endogenous per oxidase.
Specimens wer e subsequently rinsed several timesin 0.01 M phosphate-buffered saline (PBS-pH 7.2), dried, treated with 0.1%
bovine serum albumin in PBS for 15 min and incubated overnight at 4° C with the following lectins: Canavalis ensiformis (Con-
A) (Y -D-mannose and . -D-glucose residues), Dolichos biflorus (DBA) (N-Acetyl Galactosamine @ -3-N-Acetyl Galactosamine
and N-Acetyl Galactosamine ™ -3-Galactose), Arachis hypogea (PNA) (Galactose 33-N-Acetyl Galactosamine), Ulex europaeus-|
(UEA-I) (Fucose @ 2- Galactose-3), Triticum vulgaris (WGA) (N-Acetylglucosamine/sialic acid group), Ricinus communis (RCA)
(N-Acetylgalactosamine/galactose group), and Soy Bean (Glicine Max) Agglutinin (SBA) (& D-N-Acetyl Galactosamine and 3-3-N-
Acetyl Galactosamine). L ectins wer e employed as hor ser adish-per oxidase (HRP)-labelled form.

Theday after, sliceswererinsed with PBS, covered with the Avidin-Biotin Complex (ABC) and incubated in a substrate medium
consisting of diaminobenzidine (DAB)-hydr ogen-per oxide substrate medium. Reagents and lectins wer e purchased from Vector
Labs. Finally, slices were washed with tap water, counter stained with hematoxylin, dehydrated, mounted and observed in a Zeiss
investigation microscope with a color digital video camera (Sony Exwavehad model).

Digital photosin real color were selected and transformed in gray scale imagesfor determining optical densities (OD) through
an Image-proPlus Program for Windows 1.1 Version (M edia Ciber netics).

For establishing the scale detailed below, structureswere measured at 400X (eight counts/structure/animal). The program
automatically provided the mean + standard deviation of lectin fixation for each lectin. Lastly, a mean related with lectin fixation
resulting from thetotal counts structures/ rats was determined. Zer o was established from a non lectin-reactive zone whilst its
maximal value, near to 250, emerged from the higher lectin- reactive zone.

Taking into account the aforesaid means, the lectin OD was graduated in accor dance with the following semi-quantitative scale:
OD > 200 = negative -0-, OD between 200 and 150 = weakly to moderately positive -1 to 2- and OD <150 = strongly positive -3-.

Statistical Analysis

Data wer e analyzed applying conventional statistical techniques asthe GraphPad Prism Program, version 4.0, April 2003.
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Bioethical Evaluation

Our School of Medicine Ethical Committee previously examined and approved this project.

RESULTS:

At 11 months of age, mean body weight in R animals was significantly lower than AL ones (R: 318+42 gvs. AL: 427+31 g,
p<0.001) exceeding that the total food intake was equivalent during the studied period (R: 22519 g vs. AL: 230+36 g, p>0.05). In
contrast, when the total food intake was compar ed with body weight (relative food intake), R values wer e higher (R: 0.70£0.11
vs. AL: 0.53+0.12, p<0.05).

Biochemical and morphometric variablesin R and AL maleeSMT ratsat 12 months of ageareregistered in Table 1.

TABLE 1
t and bochemical and morphometric variables in B and AL male e SMT rais at 12 months of age
[T H] TG T BW L9

X100
(mgidl) | (mgid) | (mg/d) | (mgid) g (g iz
R | 135218 | 204361 | 174538

109=14 35055 | 11.10=1.67 | 3.1620.14
- - - - LRl ns LR ns
AL 253459 | 4732111 | 213258 | 180250 | 420641 | 11.01=1.61 ] 2.13=0.11 129.00=14 88
Valaes are mpressed o mean = rtandard deviation . Unpaired 1" test: 53 no siguificant ®: pe 0003, *@-pe 001 == p= 0001
Gl: Fanting ghyearsia (18- fat); G1L20: 120 Glyeomsia after an oveeload of 10% ghocoss (200 mg' 100 g body weight); TG: Trighrowidasia;
TC: Total Cholesterolamia; BW: Body Weight; SIW: Small Intestine Weight, SIW/BW x100: Small Irtsstine Weight Body Weight x 100;
SIL: Small Intestine Length

Body we
Group

ficm)
120462762

Glycemias, triglyceridemia, total cholesterolemia and body weight resulted significantly lower in therestricted group. Following
the American Diabetes Association (ADA) criteria’, both groups wer e classified as diabetic (GO > 126 mg/dl and G120 > 200
mg/dl). Nevertheless, AL valueswere notoriously higher than those of R ones.

No significant differences were detected in SIW and SIL. However, R values appear ed significantly higher in SIW/BW x 100.

Assummarized in Table 2, villi width at %2 height, total wall thickness and crypt depth were significantly higher in R animals
whilst longer villi heights and more numer ous enter ocytes/villus wer e put into evidencein AL rats. Conver sely, mucosal
thickness and goblet cellg/villus showed no significant values between both feeding plans.

TABLE 2
Small intestine histomenry in R and AL male eSMT rats at 12 months of a
Villi Villi Toral | Mucosal | Crypt Goblet | Emterocytes/
Group | height | width at wall thickness depth | cellsvillus Villus

% height | thickness

feem) () () fum) (1)

R |465=42| 952=9 926265 74637 277438 314 160=12
== e = ns = ns wxx
AL | 52134 8246 85759 13737 216435 34=4 19245
Values are spresied & mean = standand devistion

Unpaired “t” test; 25 no significant; *: p< 0.03; *=: p< 0L01; **=; p= 0.001

L ectin histochemical results

No differential reactivity to lectinswas found in villi and crypt enterocytes and goblet cellsof AL ratswhen compared with R
animals (Figures 1 and 2). However, differences appeared among lectins. Hence, a qualitative reactivity (++) with a semi-
guantitative one near to 150 (2) wereregistered in villi enterocytes and goblet cellsfor every lectin (Figures1y 2). Theonly
exception (+++ /<150 = 3) was evidenced in goblet cellsfor UEA-I. In the crypts, lectin reactivity varied from - to + (higher and
near to 200 = 0/1) for every lectin except in goblet cellsfor RCA (++/near to 150=2) and in enterocytesfor UEA-I (+++/lower
than 150 = 3).
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Figure 1: Histochemical reaction to Arachis hypogea (PNA) lectin in the small intestine of 12-month-old male eSMT rats exposed
to ad libitum feeding schedule. Enter ocytes and goblet cells are qualitatively (++) and semi-quantitatively (Optical Density = 2).
The same occurswith the thin sheath of mucuslocated on the brush border of the enterocytes. Theimageisseen at a
magnification of 400 X.

Figure 2: Histochemical reaction to Arachis hypogea (PNA) lectin in the small intestine of 12-month-old male eSMT rats exposed
torestricted feeding schedule. Enterocytes and the adjacent mucus sheath are qualitatively (++) and semi-quantitatively (Optical
Density = 2). The goblet cellsundergo a particular functional stage after secreting the mucus which constitutesthe aforesaid
sheath [false negativity to PNA lectin in goblet cellswith qualitative (++) and semi-quantitative (OD = 2) lectin reaction in mucus
sheath]. Theimageis seen at a magnification of 400 X.

DISCUSSION

Considering our results, alimentary restriction ameliorated the diabetic syndrome asrevealed by the decreased BW, GO, G120,
TG and TC, exceeding that GO and G120 kept showing diabetic valuesin restricted eSMT rats accor ding to the ADA criteriad.
These data appeared in congruence with a better performance of the diabetic genotypein " poor" environments?1.22, and agreed
with the more benign cour se of the metabolic syndrome already demonstrated in restricted eSSand OLEFT rats!823,

On the other hand, the higher relative food intakein R animals pointed out a compensatory consume after the fasting lapse, as
opportunely suggested1®. This could be particularly involved in the higher relative SIW (joined to alower BW and asimilar SIL-
SIW) and the greater total wall thicknessregistered in R rats. In thisregard, Kujalova and Fabry (1960) found that the small
intestine became hypertrophic when food was fed inter mittently24 whilst Jervisand L evin (1966) reported lower BW and higher
SIW and SIL in the small intestine of 1-year-old white rats with severe chronic-alloxan diabetes fed ad libitum?S,

R animals also showed shorter villi heights, lesser enter ocytes/villus, higher villi width at %2 heights and deeper crypts, In this
sense, changesin crypt depth have been associated with alterationsin the maturity of cells?6.

The presence of distinct quantities of nutrientsin the lumen, the endocrineimbalance of chronic diabetes and/or the intestinal
hormones (incretins and other )27 could beinteracting to produce the aforesaid results.
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In turn, the histometric differences between eSMT and ST Z-induced diabetic rats’-8.26 may be supported in the frequently
higher fasting glycemia (400 mg/dl or more) of the last ones, capable of altering the relations between the glucolipid profile and
the small intestine histological patterns when long-ter m effects of type 2 diabetes ar e taken into account.

Both feeding schedules did not seem to affect lectin binding. Thus, differences detected in villi and crypt enter ocytes and goblet
cellscould be attributed to distinct glucidic constitution of those structuresand could bereflecting variationsin intestinal
function and differentiation28.

Most of theseresultsin eSMT rats appeared coincident with those formerly reported by other workersin non diabetic rats
suggesting that, at this age, glucidic residues were similar to those studied in our diabetic 1ine29:30, Conversely, our resultswere
not coincident with obtained in mice wher e distinct feeding schedules produced different lectin bindings3L. In thisregard, species-
dependent reasons may be put forward.

Whatever the achieved results be, the physiological levels of the epithelial mucins appear necessary for the normal intestinal
uptake and the absor ption of nutrients.

While the two feeding schedules here employed arein a straight linerelated with biochemical variables and body weight, its
relation with mor phometric and histometric findingsin the small intestine could be neither confirm nor denied. Exceeding the
reasonable inter actions among lectins, histomor phometry and/or biochemical variables, other ways of relationsremain to be
established.

Tosum up, eSMT rats, a suitable animal model for studying diabetes and/or its complications, revealed at 12 months of age after
undergoing arestricted feeding schedule (R animals):

1. A predictableimprovement in body weight and defined biochemical variablesrelated with the diabetic syndrome (GO,
G120, TG and TC). Although no category modification could be established according to ADA criteria since GO and
G120 did not reach euglycemic values, both showed a eye-catching nearnessto the border to impaired fasting glucose
(225 mg/dl) and impaired glucose tolerance (199 mg/dl)

2. Changesin certain histometric patternswith the exception of those morphometric related with small intestine length
and weight. In thisregard, a non-published report32 evidenced that the histometric patterns studied in the small intestine
of Wistar rats (a common euglycemic control) did not significantly differ at thisagewith those of AL- eSMT ones. This
could suggest that at this age no adaptive diabetic impacts are still detected in the small intestine of eSMT ratsfed ad
libitum

3. No modificationsin lectinhistochemical patternsbetween AL and R eSMT rats
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Comment of the reviewer Noemi Gomez Manero MD. PhD. Servicio de Medicina Interna. Complejo Asistencial de Burgos.
Espafia

In thelast years, the global incidence of type 2 diabetes mellitus hasincreased exponentially, becoming a prevalent problem of
health.

Classically, type 2 diabetes mellitus has been considered a problem in middle-aged and older people, but lately, many cases have
been diagnosed in people younger than 30 and even in children. These data are specially relevant in developed and developing
countries. Different factors contributeto this called " type 2 diabetic epidemic", but obesity,overweight, and sedentarism play
and undoubtely rolein this scene.

In this experimental paper, Hisano et al., show the favour able metabolic effect of intermittent dietary restriction in eSMT rats,
diminishing body weight, basal glycemia, glycemia after an overload of glucose, and serum cholesterol and trygliceride levels.
These favour able metabolic changes wer e accompanied with some changes in histologic patter ns between the two groups,
although no significant differencesin lecitinhistochemical patternswere found.

Theseresultswill help usto under stand the physiopathology of type 2 diabetes mellitus,and focus on theimportance of diet in
the management of this prevalent disease.

Comment of thereviewer Carlos G. Musso, MD. Nephrology Department. Hospital Italiano de Buenos Aires. Buenos Aires.
Argentina

In this paper Hisan et al. show biochemical and histological effects of an intestinal inter mittent and prolonged dietary restriction
on diabeticrats.

Their findings shed new and valuableinformation on atopic of great interest isthat of food restriction and itsfavorable
consequences.
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