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Effects of Protein-Calorie Restriction on Mechanical Function
of Hypertrophied Cardiac Muscle
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Objective - To assess the effect of food restriction (FR)
on hypertrophied cardiac muscle in spontaneously
hypertensive rats (SHR).

Methods - Isolated papillary muscle preparations of
the left ventricle (LV) of 60-day-old SHR and of normo-
tensive Wistar-Kyoto (WKY) rats were studied. The rats
were fed either an unrestricted diet or FR diet (50% of the
intake of the control diet) for 30 days. The mechanical
function of the muscles was evaluated through monitoring
isometric and isotonic contractions.

Results - FR caused: 1) reduction in the body weight
and LV weight of SHR and WKY rats, 2) increase in the
time to peak shortening and the time to peak developed
tension (DT) in the hypertrophied myocardium of the SHR;
3) diverging changes in the mechanical function of the
normal cardiac muscles of WKY rats with reduction in
maximum velocity of isotonic shortening and of the time
for DT to decrease 50% of its maximum value, and increase
of the resting tension and of the rate of tension decline.

Conclusion - Short-term FR causes prolongation of
the contraction time of hypertrophied muscles and para-
doxal changes in mechanical performance of normal
cardiac fibers, with worsening of the shortening indices
and of the resting tension, and improvement of the isome-
tric relaxation.
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Protein-caloriemalnutrition (PCM) isaprimary public
healthissuein devel oping countries. Eveninindustrialized
societies, PCM isfound in 30% to 40% of hospitalized
patients'2,

PCM can affect a series of organs and tissues. There
isevidencein humansand especially in experimental ani-
mals that PCM can cause damage to the cardiovascular
system. PCM can promote the following alterations: 1)
clinical changesthat vary from bradycardiato heart failure;
2) functional changes, suchasreductionin cardiac output,
inventricular compliance, andinmyocardia contractility; 3)
biochemical changes, such as the activation of calcium-
dependent proteinase, reduction of the protein synthesis
and of theRNA/DNA ratio, andanincreaseinDNA; and 4)
morphological changes, such as dilation of the cardiac
chambers, atrophy and/or degeneration of myocytes, inters-
titial and mitochondrial edema, andincreasein colagen *°.

Hypertrophy of myocardial cellsisthe most efficient
mechanism for cardiac compensation in response to
increased workload. Its purpose isto maintain adequate
cardiac performance in response to systemic metabolic
demands.

The spontaneoudly hypertensive rats (SHR) were de-
veloped asagenetic model of hypertension, whichin many
waysissimilartoessential hypertensioninman. Theanimals
develop early left ventricular hypertrophy (LV), whichis
responsi blefor the maintenance of thenormal cardiac func-
tion, despitethe elevated systemic blood pressure (BP).

Information in the literature about the influence of
different typesof nutritional deficienciesonthefunctional
behavior of the hypertrophied muscleisscarce™®. Y okota
et al” observed that SHR fed aprotein-deficient diet sho-
wed deterioration of LV function. Tabayashi et a & obser-
ved that dogswith LV hypertrophy that underwent chro-
nic PCM had normal pump function and areduced myo-
cardial contractility. Olivetti et al °, studying SHR with nu-
tritional anemia, observed LV dilation and dysfunctionin
thoseanimals.

Dueto lack of information in the literature about the
association between PCM and function of the hyper-
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trophied ventricle, thisstudy assessesthe effect of a30-day
food restriction (FR) diet on themechanical behavior of the
hypertrophied cardiac musclesfrom SHR. This period of
timewas chosen becauseKlebanov et al*° observed similar
changesin mechanical function of normotensiveratswhen
undergoing FRfor 10to 13 monthsor for threeweeks. The
hypothesistested was that hypertrophied hearts, which
need ahigher nutritional supply, would present more chan-
geswithFR.

Methods

The60-day-old male SHR and normotensive Wistar-
Kyoto (WKY) rats were divided into two experimental
groups: Group C—control, theanimalswerefed an unres-
tricted diet for 30 days,; and Group R —the animalsunder-
went FRfor 30 days.

Thecontrol rats(WKY cand SHRc) received aPurina
unrestricted diet (3.76% fat, 20.96% protein, 52.28%
carbohydrate, 9.6% ashes, and 13.40% humidity). The
animalsunder FR (WK Y r and SHRr) received 50% of the
amount of food of thecontrol rats. Theanimalswerekeptin
individual cagesat aroom temperatureof 23°C. Theweight
and BPmeasured at thetail of theanimals, weredetermined
at theonset of theexperiment and before sacrifice.

The study of themechanical functionwas performed
using the papillary muscles of the LV. The muscles were
obtainedinthefollowing way: therat was decapitated, the
chest opened, the heart rapidly removed and put into the
Krebs-Henseleit 1 solution, at atemperatureof 28°C. This
solution had been previously oxygenated for 10 minutes
with 95% oxygen (O,) and 5% carbon dioxide (CO,). After
dissecting theright ventricle (RV) and cutting the inter-
ventricular septum, the LV wasdividedintotwo parts, each
one containing one papillary muscle. These muscleswere
then carefully dissected inachamber containingtheKrebs-
Heiseleit solution, adequately oxygenated and warmed to
28°C. Two stainless steel rings were attached to the
extremitiesof thepapillary muscles, whichwerethenrapidly
transferred to a glass chamber containing the Krebs-
Henseleit solution, constantly oxygenated with95% O, and
5% CO, and kept at 28°C, withtheuse of acirculating bath.
The papillary muscles were kept in the vertical position
insidethe glasschamber. Theinferior ringwaslinkedtoa
stainlesssteel wireof 0.031cm of diameter, connectedtoa
power transducer (Kyowa 120T-20B- Kyowa Electronic
InstrumentsCoL td., Kyowa, Japan). Thesuperior ringwas
connectedto astainlesssteel wiresimilar totheformer and
attachedtotheextremity of thelongarm of theisotoniclever.
Uponthisextremity, therewasamicrometer that controlled
the extension of the movements of the lever, allowing
adjustment of the length of the muscle in the phase of
musclerelaxation. Theinitial stretching of thecardiacfiber
was performed with alow weight load (prel oad) sustained
at theextremity of theshort arm of thelever, withwhichthe
length transducer (Hewl ett Packard, 7 DCDT-050 model)
was coupled. Thistransducer measured the variations of
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length during musclecontractions. Thelever wasmadefrom
aluminum, wasrigid and light, and the ratio between the
longand shortarmswas4:1.

Themuscleswerestimulated 12 timesper minutewith
parallel platinum electrodes that were coupled with an
el ectric stimulator programmed to rel ease stimuli in square
waves of 5ms, with an approximately 10% higher voltage
than the minimum necessary to cause amaximum mecha-
nical responseinthemuscle.

Thecomposition of the Krebs-Henseleit solution®, in
millimolesper liter, was. 118 5NaCl; 4.69K Cl; 252CaCl,; 1.16
MgSO,; 1.18KH,PO,; 5.50glucose; and 25.88NaHCO,. The
partial O, pressurewaskept between 550 and 600 mmHg.

After aperiod of 60 minutesin which the muscles
contracted only against the prel oad (i sotoni ¢ contraction),
the lever was prevented from moving with an additional
load (afterload) put at the extremity of the short arm of the
lever. Inisometric contraction, the muscle was progressi-
vely stretched until the devel oped tension reached itsma-
ximumvalue (thediastoliclength of themusclefiber asso-
ciated with the peak isometric developed tension was
designated L max). After reaching L max, themuscleunder-
went isotonic contraction again. Then, anew Lmax was
determined. The experiment began after 15 min of stable
isometric contraction. Unstablepreparationsor thosewith
an unsatisfactory performance were not used. Thefollo-
wingisometric parametersweremeasured: pesk devel oped
tension (DT); resting tension (RT); time to peak tension
(TPT); maximum rate of tension development (+dT/dt);
maximumrateof tensiondecline(-dT/dt); and period of time
necessary for a50% reduction in the peak developed ten-
sion(RT,).

After the end of the isometric record, the muscle
underwent isotonic contraction, contracting against the
smallest total load (preload plus afterl oad) capable of
keeping the muscle resting length equal to Lmax. The
following isotonic parameterswere measured: peak shor-
tening (PS), timeto peak shortening (TPS); maximum rateof
isotonic shortening (+dL/dt); and maximum rate of relaxa
tion (-dL/dt).

The mechanical parameterswere recorded using the
Gould 2200 Spolygraph, withapaper speed of 100mrmy/s.

Thevauesof DT, RT, +dT/dt, -dT/dt werenormalized
for thecrosssectional area(CSA) of themuscle. Thevalues
of velocity of isotonic shortening and relaxation were
divided by thelength of the muscleLmax.

Theparametersused toindividually characterizethe
papillary muscleswere: length (mm), weight (mg), and CSA
(mm?). Thein vitro length, Lmax, wasmeasured with pachy-
meter. The portion of muscle between the steel ringswas
blotted dry and weighed. Becausethe papillary musclehas
ageometrical, uniformand cylindrical shape and specific
gravity of 1.0, the SA wascal culated by dividingthemuscle
weight by itslength. TheLV wet weight normalizedtothe
body weight of therat at the moment of the sacrifice (LV/
FW) wasused asanindex of LV hypertrophy.
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Statistical analysis— The values obtained are shown
asmeanzstandard deviation (Tablesl, 11, I11). Thecompa-
risons between the groups were made by analysis of
variance, complemented by the Tukey test. The level of
significancewasconsidered 5%.

Results

Table | showsthe body parameters and the BP of the
animals. Theinitial weights (IW) and thefinal weights(FW)
of the WKY ratswere greater than those of the SHR. The
ratson theunrestricted diet had body weight gain (WKY c:
from237+19gto0 309+21g; SHRc: from 205£15gt0 279+220);
the animals undergoing FR decreased the body weight
(WKYT: from 288+49gto 199+6g; SHRr: from193+17gto
168+31g). Whilethenormal dietincreased theratio between
FW and IWintheWKY crats(1.31+0.09) andinthe SHRc
(1.37+0.13), the FR reduced theratio FW/IW inthe WK Y r
rats(0.70£0.12) andinthe SHRr (0.87+0.08). BPand theLV/
FW ratio, higher in the SHRc than in the WKY c rats,
remained unchanged with FR. The CSA of the WKY cwas
higher thaninthe SHRc group; FR did not changeCSA in
any animal group. Lmax was the same for the SHRc and
WKY crats. FR caused reduction of Lmax inWKY'r, but did
not changethisvariableinthe SHRr.
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Themechanica dataareshownintablesll andlll. DT,
+dT/dt, RT, +dL/dt, and-dL/dt weresignificantly higherin
SHRcthanin WKY crats. WhileRT and (L max-PS)/L max
werehigherintheWKY cratsthanintheSHRc, TPT, -dT/d,
PSand TPSdid not differ in thetwo groupsof animals. In
WKY rats, FR caused elevation of RT, -dT/dt and (L max-
PS)/Lmax, reduction of RT, PS, and +dL/dt and did not
changeDT, TPT, +dT/dt, TPSand—dL/dt. Inthe SHR group,
FRsignificantly elevated TPT and TPS, but did not change
theother isometric andisotonic variables.

Discussion

The results of this study show that restriction of
protein-calorieingestion caused restrictioninweight gain
of thebody and of theLV of theSHRand WKY rats. Howe-
ver, theLV/FW ratiointhe normotensive and hypertensive
animalsdid not changewith FR, when comparedtothatin
theratsonanormal diet (Tablel). Themaintenance of the
LV/FW ratio after FR, in both animal groups, suggest that
therewasnot amajor lossof massinthe SHR hearts, which,
theoretically, would need a greater nutritional supply
because of the hypertrophic process. However, thenorma:
lization of LV weight in relation to the body weight of the
animal, ameasurement often usedfor ng thedegree

Table I - Morphological parameters and systolic blood pressure of SHR and WKY rats

WKY SHR

C(n=11) R (n=10) C(n=11) R (n=10)

IW (g) 237+19° 288+49° 205£15° 193172

FW (g) 309+21¢ 199:+6° 279+22¢ 168+31°
FW/IW 1.31+0.09° 0.70+0.12* 1.37+0.13° 0.87+0.08°
LV (mg) 0.63+0.06° 0.43+0.05° 0.71:0.06° 0.41+0.09*
LV/FW (mg/g) 2.03+0.13* 2.15+0.15° 2.54+0.23° 2.47+0.38°

ISP (mmHg) 133+8° 128+8° 1818 179+12°

ESP (mmHg) 133+8° 129112 83+90 179+10°
CSA (mn) 0.92+0.19 0.84+0.25% 071+ 016 0.79+0.18%
Lmax (mm) 6.32+0.38° 5.37+1.01% 5. 96 + 0.44° 6.16+0.65

Mean vaues + sandard deviation; n- number of papillary muscles; C- normd diet; R-food restriction; IW- initial body weight; FW- find body weight; LV- left ventricle;
ISP- initid systolic pressure; ESP- end systolic pressure; CSA- cross sectiond area; Lmax- length a rest associated with pesk developed tension; g- gram; mg- milligram;
mmHg- millimeter of Hg; mn?- square millimeter; mm- millimeter; the groups of animalsidentified by different |etters are significantly different (ANOVA and Tukey, p<0.05).

Table II — Mechanical parameters obtained in isometric contraction

WKY SHR

C(n=11) R (n =10) C(n=11) R (n =10)
DT (g/mnv?) 7.15+1.422 7.95+2.042 9.49+1.06° 8.30+1.58%
RT (g/mi?) 0.94+0.49° 1.43+0.41° 0.58+0.30 0.60+0.36
TPT (ms) 194+152 192+302 199+152 223+13°
+dT/dt (g/mm?/s) 63+18° 73+24% 85+14° 80+11°
-dT/dt (g/mm?/s) 18+42 22+ 17+3°
R'I'50 (ms) 259+22° 219+672 299+41° 327+26°

Tukey, p<0.05).

Mean values + standard deviation; WKY - Wistar-Kyoto rats; SHR- spontaneously hypertensive rats; n- number of papillary muscles; C- normal diet; R-
food restriction; DT- peak developed tension; RT- resting tension; TPT- time to peak tension; +dT/dt- maximum rate of tension development; - dT/dt-
maximum rate of tension decline; RT _ - period of time necessary for the DT to reduce 50% of its maximum value; g/mm?- gram per square millimeter; ms-
millisecond; g/mm?/s- gram per square millimeter per second; the groups of animals identified by different letters are significantly different (ANOVA and
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Table III — Mechanical parameters obtained in isotonic contraction

WKY SHR

C(n=11) R (n=10) C(n=11) R (n=10)
PS(mm) 1.57+0.33° 1.03+0.412 1.82+0.26™ 1.93+0.37¢
TPS(ms) 202+16% 202+322 213+212 238+12°
Lmax-PS 0.75+0.05° 0.82+0.05° 0.69+0.04? 0.69+0.04?

Lmax

+dL/dt (ML/s) 2.22+0.56° 1.58+0.28* 2.90+0.49° 2.80+0.66°
-dL/dt (ML/s) 3.63+0.99° 3.04+0.66° 5.21+0.74° 4.93+0.98°

Mean values * standard deviation; WKY - Wistar-Kyoto rats; SHR- spontaneously hypertensive rats; n- number of papillary muscles; C- normal diet; R- food
restriction; PS- peak shortening; TPS- time to peak shortening; Lmax- length at rest associated with peak developed tension; (Lmax-TPS)/Lmax- relative variation
of length; +dL/dt- maximum rate of isotonic shortening; - dL/dt- maximum rate of relaxation; ML/s- muscle length per second; mm- millimeter; ms- millisecond; the
groups of animals identified by different letters are significantly different (ANOVA and Tukey, p<0.05).

of cardiac hypertrophy!**4, can result in interpretational

errorswhentheanimal slosewe ght during theexperimental

process. That iswhy many authorsworking with malnu-
trition 2 haveintroduced an additional group of animals,

younger and with body weight comparabletothegroup on
FR. In this case, sincethe animal groups have the same
body weight, the comparison of theL V/FW ratiosallowsthe
adequate assessment of the cardiac musclemassintheani-
malson FR. Inthisstudy, asthe SHR devel oped LV hyper-
trophy during the processof maturation, it wasnot possible
to useyounger SHR with body weight equivalent to that of
the malnourished rats, because therewas not time enough
for the younger onesto develop cardiac hypertrophy.

FR caused adelay in the time of contraction of the
isolated hypertrophied cardiac muscles of the SHR. This
could beseen by theincrease of the TPT and TPS (Tablesl|
and I11). These resultswere different from those obtained
in the normal muscles of the WKY rats, which showed
worsening of theRT and of the parametersderived fromthe
shortening phase and improvement of the isometric
relaxation (TableslIl and I11). Themechanismsresponsible
for the changesin the myocardial mechanical function
resulting from FR remain unknown°,

Studiesanalyzing the effectsof protein-caloriemalnu-
trition (PCM) upon the mechanical performance of the
hypertrophied cardiac muscles are scarce. The results
showed that changesin the composition or intheamount of
food ingested caused LV dysfunction™®. Y okotaet a” stu-
died SHRreceivingalow-proteindiet (10% protein) for 2and
4 weeks, and assessed the LV function by means of hemo-
dynamic parameters, such asdT/dtmax/integratedisometric
pressureand LV end diastolic pressure(LV EDP). Tabayashi
et al® analyzed dogs with aortic stenosis fed on alow
protein-caloriediet for twoweeks. Theventricular function
wasstudied using themean velocity of circumferentia fiber
shortening and using the relation between the parietal
tension and theend-systolic diameter. Olivetti et al® studied
4-week-old SHR undergoing nutritional anemiainduced by
iron and copper deficiency for 12 weeks. The LV behavior
wasanalyzed using LVEDP, LV end-systolicpressure, and
+dT/dt. Inall thesestudies, thevariablesusedinthe asses-

sment of ventricular function wereinfluenced by changes
inpreload, afterl oad, heart rate, and myocardia contractility.
Changesin theloads and heart rate can alter ventricular
function, independently of cardiac inotropism, which
hinders the analysis of the behavior of the contractile
statusof the cardiac muscle. Theutilization of theisolated
papillary muscle allows the assessment of myocardial
contractility, because the other variablesinfluencing the
cardiac performance can befixed®.

Unlikethe results of the SHR group, FR caused con-
tradictory changesin myaocardial function of the WKY rats,
withimprovement of therel axation phaseand worsening of
theresting tension and of theindicesof muscle shortening.
We could not find an explanation for the diverging results
observed inthe WKY rats. Contradictory datathat assess
cardiac mechanicshaveal so been observedin other experi-
mental studies. Recently, Hoit et al ¢, studying monkeys
with hypertension and LV hypertrophy, observed para-
doxical data, such asdepression of the indices of contrac-
tility dependent on velocity and preservation of contrac-
tility when assessed through parametersderived fromforce.
Previouspublications5°17-1° studying therel ation between
PCM and cardiac function of normal musclesshowed that
cardiac performance could remain unaltered, decrease, or
improvewith FR.

In conclusion, thisstudy showsthat FR of 50% of a
normal diet for 30 days causesprolongation in thetime of
contraction of the hypertrophied muscles of SHR. In
normal hearts of WKY rats, this diet causes contradic-
tory changesin myocardial performance, resultingin
worsening of the shortening phase and of the resting
tension and improvement in isometric relaxation. The
results obtained do not allow usto conclude that hyper-
trophied muscles suffer the effectsof FR moreintensely
than do the normal heart muscle.
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