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Abstract We studied the myocardium of 45 aged raistics of the aged myocardium, which shows impaired
fed from 21 days after birth until 15 months of age witlhyocardial perfusion [12], altered diastolic compliance
a standard rat diet a cholesterol-rich diet (CHO) or carjtt4] and arrhythmia [5].

la oil (O). We analysed the cardiac weight (CW) and, us- The n-3 fatty acids are long-chained and occur natu-
ing unbiased stereological estimates, studied isotropi]y in fish oils and many vegetables, including canola
uniform, random sections of the free left ventricular wadil [15]. The clinically importann-3 fatty acids include

to determine the numerical density of the myocytescosapentaenoic acid, docosahexaenoic acid and alpha
(NVimyocyte)- The CW was not statistically different betinolenic acid [7]. Multiple effects are attributednes: a
tween groups A and CHO; it was smallest in animals pnotective effect in cardiovascular diseases [9], decrease
group O (21.2% smaller in group O than in group A amd both peripheral vascular resistance and blood viscosi-
15.3% smaller in group O than in group CHO).[]Ny. ty [17] and decreases in the risks of myocardial infarc-
oyte] Was statistically different in all three groups and wéi®n, arrhythmia and thromboses [18].

greatest in animals in group O. By comparison with ratsIn a previous study we analysed the influence of dif-
in group A, group CHO rats had an Ny, than was ferent diets on the myocardium of aged rats using stere-
51.3% smaller and group O, 33.3% greater. Aged ratsgy [1]. The present work aims to continue that study,
fed with canola oil diet have a well-vascularized myocasbserving differences in the numerical density of myo-
dium, which is probably associated with preservation oftes in aged rats fed with three different diets (standard

NV[myocyte] IN the myocardium of these animals.
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Introduction

rat diet, cholesterol-rich diet and canola oil diet).

Materials and methods

Forty-five male Wistar rats were divided into three groups of 15
animals each. From 21 days until 15 months of age, the animals
received water ad libitum and one of the three different diets: a

Ageing is associated with marked changes in Cardg%tndard rat diet (Nuvilab) a cholesterol-rich diet and a canola oil

(For details of the composition and manner of preparation of

structure including myocyte loss [13], hypertrophy of thge giets see [1].) The study followed the principles of laboratory
remaining cells [3], and increase in collagen content [4himal care (NIH publication no. 85-23, revised 1985).
These changes may account for the functional characterAt 15 months of age rats were killed after anaesthesia with
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ether. The thorax was opened, exposing the heart, this was injected
with 1.0 ml of 10% KClI into the left ventricle until diastolic cardi-

ac arrest. Cardiac weight was measured to an accuracy of 0.01 g
using Scherle’s method [23].

The myocardium is an anisotropic structure, but isotropic sec-
tions are necessary for a stereological study. We carried out the es-
timation by cutting the organ using the orthotrip method [22].
Fragments of myocardium were fixated for 48 h in buffered form-
aldehyde 4%, pH 7.2, and then embedded in paraffin and sectioned
at 5 um thickness. Haematoxylin-eosin and Sirius red were used to
stain the sections. The analysis was based on a video-microscopic
system composed of a Leica DMRBE microscope coupled with a
Kappa CF 15/5 video camera and a Sony Trinitron monitor.

The optical dissector was used for the calculation of numerical
density of the myocytes (WY ocytep defined with two parallel sec-
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tions separated by a distance of 3 pm (automatically control€HO. It was smallest in the animals in group O (21.1%
with the motorized stage of the Leica microscope). The look-Wenaller in group O than in group A and 15.3% smaller in

and look-down planes were determined over a frame of 1660 ; . i
[6, 11]. For reasons of efficiency, one nucleus was considere Hup O than in group CHO; Fig. 1). The the} was

represent one myocyte. The Ny Was determined by 15 ran-Statistically different in all three groups. It was greatest
dom dissector pairs for each specimen [{]was the number of in the animals in group O. In comparison with in rats
the myocyte nuclei seen in focus only in the look-up, when thgyoup A, in group CHO rats Wocyte]was 51.3% small-

were partly or totally inside the frame and did not intersect the I&f ; ; 0 ;
or inferior exclusion edges or their extension [%0F the thick- fand in group O it was 33.3% greater (Fig. 2).

ness of the disector ar¢ is the test area:

_9 " :
Nv[myocytq = ﬁ 1/ mm3 Discussion

Differences between groups, two by two, were tested with tAgpha linolenic fatty acid is an 18-carbon chain fatty ac-
nonparametric Mann/Whitney test with the significance level @f \vith three double bonds: in the form of tofu soybean

Proos el oil, and canola oil, it is an important plant-based source
of then-3 polyunsaturated fatty acids for vegetarians and
Results nonseafood eaters [24].

In humans, the use of3 fatty acid in the diet has

Results are summarized in Figs. 1 and 2. Cardiac weli_EﬁFn considered to have a beneficial effect on cardiovas-

was not statistically different between groups A a ghiar function, reducing blood pressure levels and dimin-
ishing both peripheral vascular resistance and blood vis-

cosity [19, 21].
At 3 and 15 months after birth, experimental Wistar
— rats are young adults and aged animals, respectively [2,
2.2 8]. In this work, after 15 months of experimentation the
NVimyocyte] WS greatest in animals fed the canola oil diet
il and smaI]IeSt in animals fed the cholesterol-rich diet. In a
p=0.01 previous study, aged rats fed a canola oil diet showed the
best myocardial vascularization, characterized by in-
creased stereologically estimated length density of blood
l T vessels as well as a high HDL-C and a low LDL-C in the

‘ serum [1].

Reduction in myocyte number occurs shortly after
T sexual maturity in mammals and continues throughout
P = 0.00002 life in the absence of atherosclerosis, diabetes, hyperten-

1.0 ‘ ‘ sion and ischaemic heart disease. A significant loss of
A CHO o myocytes is normal in ageing, and in the ventricular
Fig. 1 Box plot of the cardiac weight in aged rats fed a standdfdyocardium this phenomenon persists longer on the left
diet (A), rats fed a cholesterol-rich dieEiiO) and rats fed canola than on the right side [3]. A healthy 70-year-old man
oil (O). Differences between groups A vs O and CHO vs O weygll have lost nearly 30% of the myocyte population as a
statistically significar { result of ageing along, regardless of any other cardiac
disease state; this detrimental effect precedes the occur-
95000 4 P =0005 rence of ventricular dysfunction [20]. Cell loss decreases
the cardiac functional reserve and may constitute a criti-
cal variable in the development of ventricular dysfunc-
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75000 4 tion and failure in the elderly. Chronic death of myocytes
may also form the basis for the depressed capacity of the
P =0.00006 aged heart to sustain acute and chronic increases in pres-
55000 4 sure and volume loads on the myocardium [25].
This study has verified that, in rats, diet affects the

numerical density of cardiac myocytes. The loss of myo-
cytes was smaller in aged rats fed a canola oil di&t (

Numerical density of myocytes [Nv 1/mm3]

35000
p=o0000002 fatty acid rich) for a long period than in rats of similar
age fed other diets, mainly the cholesterol-rich diet. As
15000 ‘ ‘ ‘ pointed out previously, stereological estimates of num-
A CHO o bers of myocardial vessels in rats fed the canola oil diet

Fig. 2 Box plot of the numerical density of myocytes in aged rafl'lggeSt the maintenance of good myocardial vasculariza-
fed a standard diefy, rats fed a cholesterol-rich dieCKIO) and fon into old age in these animals. The well-vascularized

rats fed canola oil@). Differences between groups A vs CHO, Anyocardium of canola oil-fed aged rats probably ex-
vs O and CHO vs O were statistically significant plains the higher figures for numerical density of myo-



453

cytes determined in these animals. This is an excitingberg G, Sgrensen FB, Vesterby A, West MJ (1988) The new
finding that merits further confirmation with human stereological tools: disector, fractionator, nucleator and point
tudies sampled intercepts and their use in pathological research and
studies. diagnosis. APMIS 96:857-881
) ) _12. Hachamovitch R, Wicker P, Capasso JM, Anversa P (1989)
Acknowledgements This work was supported in part by Brazil-  Alterations of coronary blood flow and reverse with aging in
ian agencies CNPq (grant no. 57.41.14/97-1) and Faperj (grant no.Fischer 344 rats. Am J Physiol 256:H66—H73
E-26/170.086/97). 13. Kajstura J, Cheng W, Sarangarajan R, Li P, Li B, Nitahara JA,
Chapnick S, Reiss K, Olivetti G, Anversa P (1996) Necrotic
and apopotic myocyte cell death in the aging heart of Fisher
344 rats. Am J Physiol 271 (Heart Circ Physiol 40):H1215—
References H1228
3 14. Lakatta EG (1993) Cardiovascular regulatory mechanisms in
1. Aguila MB, Apfel MIR, Mandarim-de-Lacerda CA (1998) advanced age. Physiol Rev 73:413-467
Stereology of the myocardium and blood biochemistry in agé8. Lassere M, Mendy F, Spielmann D, Jacotot B (1985) Effects
rats fed with a cholesterol-rich and canola oil dieB(fatty of the ingestion of the disserent essential fatty acids on serum
acid rich). Basic Res Cardiol 93:182-191 levels of C20: 3n-6 and C20:4n-6 in human adults. Lipids
2. Aguila MB, Mandarim-de-Lacerda CA, Apfel MIR (1998) 20:227-233
Stereology of the myocytes in young and aged rats. Arq Bi& Mandarim-de-Lacerda CA (1998) Stereology in the normal
Cardiol 70:105-109 and pathological morphologic research. Biomed Res 9:153-
3. Anversa P, Palackal T, Sonnenblick EH, Olivetti G, Meggs 163
LG, Capasso JM (1990) Myocyte cell loss and myocyte cell’. McCarty MK (1996) Fish oil and other nutritional adjuvant for
lar hyperplasia in the hypertrophied aging rat heart. Circ Res treatment of congestive heart failure. Med Hypotheses
67:871-885 46:337-347
4. Besse S, Assayag P, Delcayre C, Carre F, Cheav SL, Lecarg8nMcCarty MK (1996) Fish oil may be an antidote for cardio-
tier Y, Swynghedauw B (1993) Normal and hypertrophied se- vascular risk of smoking. Med Hypotheses 46:400-406
nescent rat heart: mechanical and molecular characteristic®. McLennan P, Howe P, Abeywardena M, Muggli R, Raederst-
Am J Physiol 265 [Heart Circ Physiol 34]:H183-H190 orff D, Mano M, Rayner T, Head R (1996) The cardiovascular
5. Carré F, Lessard Y, Coumel P, Olivier L, Besse S, Lecarpentier protective role of docosahexaenoic acid. Eur J Pharmacol
Y, Swynghedauw B (1992) Spontaneus arrhythmias in various 300:83-89
models of cardiac hypertrophy and senescence of rats: a H@@r Olivietti G, Giordano G, Corradi C, Melissari M, Lagrasta C,
monitoring study. Cardiovasc Res 26:698—705 Gambert SR, Anversa P (1995) Gender differences and aging:
6. Cruz-Orive LM, Weibel ER (1990) Recent stereological meth- effects on the human heart. J Am Coll Cardiol 26:1068—-1079
ods for cell biology: a brief survey. Am J Physiol 258 [Lun@1. Pepe S, McLennan P (1996) Dietary fish oil confers direst an-
Cell Mol Physiol 2]:L148-L156 tiarrhytmic properties on the myocardium of rats. J Nutr
7. Endres S, De Catarina R, Schmidt EB, Kristensen D (11995) 26:34-40
3 polyunsaturated fatty acids: update. Eur J Clin Invest 2Z8. Pereira LMM, Vianna GMM, Mandarim-de-Lacerda CA

629-638 (1998) Stereology of the myocardium in hypertensive rats.
8. Gerrity GR, CIiff WJ (1972) The aortic tunica intima in young Differences in relation to the time of inhibition of nitric oxide
and aging rats. Exp Mol Pathol 16:382-402 synthesis. Virchows Arch 433:369-373

9. Goodnight HT, Cairns JA (1995) Therapeutic use-8ffatty 23. Scherle W (1970) A simple method for volumetry of organs in
acid for vascular disease and thrombosis. Chest 108 quantitative stereology. Mikroskopie 26:57-63
[Suppl]:3025-304S 24. Stone NJ (1996) Fish consumption, fish oil, lipids, and coro-

10. Gundersen HJG (1977) Notes on the estimation of the numeri-nary heart disease. Circulation 94:2337-2340
cal density of arbitrary profiles: the edge effect. J Micro5. Wei JY (1992) Age and the cardiovascular system. N Engl J
111:219-227 Med 237:1735-1739

11. Gundersen HJG, Bagger P, Bendtsen TF, Evans SM, Korb@6, Zar H (1996) Biostatitical analysis. Prentice Hall, Upper Sad-
Marcussen N, Mgller A, Nielsen K, Nyengaard JR, Pakken- dle River



