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Alterations in the ryocardium presert preblems of both cliniesl

i) . A1 P s A -
hanges in the heart structure cccur as

()

and thecretical importance.
chysiolegical and anatomical reactions in response to changes in the
envirorment. Such changes act as stimuli and may produce elther excita-

tion, an increased recponse, or depression, & decrecsed recponse. Cor-

35 AL = T R TR e B R R Yo 3 ~o, PR 3 o et 1T A
cardial fibers, These guantitative crhanges cén then be mescsured, Hou-

-~

ever, before cilempling to analyze wyoccardisl alt

era
sary to obtain accurate information concerning the noral unaltersd

myocardium., Unless there is a fixed standard of compariscn, a constont
nerprhological pattern representing the normal myocardium, no exact com~

consistency in the size

[}
e
4]

pariscn or analysis can be made, If ther

4

of rormal cardisc muscle fibers and in the rztioc

]

I cepiliariec to fibers
then this will comprise a constant morphological pattern with which
altered myocardia can ke compared,

It is the purpose of this study to detcrmine whether there is

such 2 consistency cof fiber diameters, fiber numbers, cepillary mubers
and capillary-fiber ratios in the ventricles of normal rats, Thals thesis
will present the histoclogical and statistical procedures that rave preved
most efficient, in teruws of accuracy and simpiicity, for
stvdy. Comparison will be made between thie normal hisarts and hearts

showing the effects of experimentally produced hypertrophy in order Lo

determine whether the histological and statisticil methods zre
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I. HISTORICAL EACKGROUID

Ao Yormal Hearts
Although: the literature pertaining to the histoleyy of the ranm~
malian myocardiwm is cbundent, that concerned with the mezsurement cf
cardiac muscle fibers, the determinatiorn of capiliary sugply, and the
quantitative relaticnship between capillarics arnd fivers is rare and

» neasurenents of uyo-

tain significant date on the varisation in width of normsl fibers.
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ate back to the
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o
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]
=
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The earliest attempts at fiber meas
middle of the nineteenti: century, The early researchers, hovever, vere
hindered by inadaguate histological and stat

Zielonko (1874) and Tangl (1889) tessed filers apart before messuring

error, E81liker (1877}, Stricker

modern resesrch standards and will net be gucied here.
The first worls of signi

o et SR - mre 3 Py o AT — Qo/s TT R T N ° I A S
vestigation wos that of Goldenberg (1807). e usad technicues that iwere

-0 those of Iils comtemroraries ond nany of
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TABLE 1,-Summary of published data for adult, mamnmlian, venitriculor,
cardiac muscle Tiber diameters (in rmicra) and capillary-fiber rotios
£ T N - AV ™ 7 ~ T T sl T o
wwchor and Date | Sp LVe* | RV, C-F | Fo. of |llo., of
Heartis Fibers
Counted per
Tentricle
Goldernbery(13348) 12.4 12,7 (C)¥=| 100
Karster,Saphir,
and Todd(1925) TTumen 17.6 1 (P} 153
Yearn(19283) Human 1:1 L (P)
Cat 1:1 3
Rabbit 1:1 5
T .
Harrison,
Ashman, ond
Larson(1932) Pat 11.2 100D 10
G, Pig 12.5 2 10
Rabbit 14,5 2 15
Sheep 15,8 ¢ 10
Human 16.2 12 10
Doz 15.8 4 10
Coir 17,6 & 10
Chanutin and
Tarksdale(1933) 4.5 1 (@)
12.5 1 50
Shipley,Shipley,
and Tearn(1237 Robbit 1:1 (@)
Roberte,tfearn,
and Badal(1932 Huwaan 14,0 4,0 | 1:1 | 10 (&)
Wﬁmﬁumﬁ
oy bl ~L LA
Heara(1941) Human 13.9 13.9 | L:1 | 25 (2)
Ashle;{1945) Human 22,6 18,5 1L (G) 150
Lowe and Eate
(1949) Hunan 13.6(S.B.S.) 5 (p) Lo
I
13.6(D.S.5.)
1%4,0(D.3.5.)
12.5(8.5.5.)
* LoV.=left ventricular measurements; R.V.-Right ventricular measurenciiis;

C~F-Copillary-Tiber ratio.
**Embedzod in: (C)-c
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IV, DISCUSSION

The purpose of this study was to determine whether the rat
myocardium presents a consistent morphological pattern in relation
to fiber size and capillary-fiber ratio.

It was found that, in the six-~week-o0ld rats studied Lere, there
were great variations between the two ventricles of each rat as well
as between ventricles of different rats. Theoretically, it should be
possible to establish growth curves in whick rats of a given z2ge would
all have a predictable fiber size and capillary-fiber ratioc., This
may be possible when littermates are used. However, complete studies
of myocardial alterations often necessitate the use of such large num-
bers of animals as to exclude the possibility of using only littermates.
Rats are usually obtained on the basis of age and weight. Despite the
fact that the young rats of this study were of the same breed, 2ge,
weight, and sex, there were significant differences between ventricles
and between rats in relation to fiber size and capillary-fiber ratio.

Wheni one studies the data presented in this thesis, it beccmes
obvious that, in rats six months old or older, there is a high degree
of consistency in regard to fiber size, capillary supply, and the
quantitative relation between the two. These rats wake good experi-
mental animals since the controls have such a definite pattern,

For the purposes of this study, a rat of six months is con-
sidered to be adult., Although the rat continues to grow throughout

its entire life, the growth after six months is minor and does not



introduce significant changes.

In some of the fregquency distrivution graphs, the curves were
clearly unimodal. In the other graphs the points fell in such a way
that a smooth curve could be drawn to give a single peak or, if the
dots were connected on 2 strict point to point basis, there appeared
to be several pezks, There are several possible explanations as to
the multimodal appearance. It is known that in higher mammals, there
are four different muscular bundles present in the myocardium (Mall,
1911), This may alsc occur in the razt and these bundles could con-
tain fibers of different sizes. Also, cardiac muscle is highly branched.
These branches, being smaller than the main muscle fibers, could account
for any peaks in the lower range, below six micra, In addition, the
micrometer used in this study measured with an accuracy of only 0.82
micra. Therefore, it was possible for fiber measurements to be mis-
placed one group higher or lower than the correct category. This could
be corrected by an oil immersion technique or by the use of a filar
micrometer, Also, the irregular shape of the fibers prevented accurate
determination of diameters beyond certain limits and again fibers could
be misplaced one group higher or lower than the correct catepory. Or
it could be a fixation effect caused by unequal diffusion of the fixing
fluid.

To get a clearer picture of the distribution, the six left
ventricles were grouped and plotted collectively, The six rigaul ven-
tricles were then treated similarly. Had there Leen a irus multimodal

distribution, it should have been emphasized here. On the coantrary



it dissappeared with resultant smooth single-peaked curves. In addi-
tion, the means, medians, and modes for the ventricles individually
and collectively were so similar that indications were again in favor
of a mnimodal distribution. A unimodal distribution does not imply
that all the fibers were the same size, In the case of the six normal
left ventricles, individuwal fibers ranged in diameter from three to
thirty-three micra, However, the mode was at thirteen micrz and fibers
with smaller or larger diameters occured to a lesser extent,

Within the limitations of this study, there appears to be a
single population of fiber sizes in each ventricle. lorover, this
population is not significantly different between left and right ven-
tricles in any one rat, nor between ventricles of various rats. Nei-
ther the weight of the rat, nor the difference in age, all being adult,
affected the measurements, Therefore, in relatimto fiber size, there
is a constant morphological pattern characterizing the rat myocardium,
It is possible to use adult rats in experimental research on fiber
size since consistent control values may be obtalned,

This study is not intended to establish absclute fiber sizes

as they exist in the living rat. The paraffin method used here results

)

in 15 to 20 per cent shrinkage (lowe and Bate, 1948), However, as

long as the method is consistent, the shrinkzge is constant and all
measurements are comparable, Where absolute values are desired, fro-
zen sections may be congidered. These do not survive muliiple stain
techniques very well, and therefore were not used in the present study.
Another possibility of determining absolute size is to apply a2 shrinkage

correction factor (Hereoux, 1957).



There is an inverse relationship between fiber diameters and
fiber counts in a given area, Therefore, simple counts per unit area
can be used as a general indication of fiber size. This is especially
useful for a guick evaluation of patholozical conditions, although
measurements should be made for conclusive information, since excessive
connective tissue or conditions such as edema could decrease the count
without inecreasing the fiber sizes,

It should be noticed that since the right ventricle of the
experimental rats has fiber sizes and capillary-fiber ratios essentially
similar to the ventricles of the normal rats, the right ventricle of
an experimental animal may serve as control when left ventricular chan-
ges are to be studied,

Inspection of the photographs shows the similarity between
left and right ventricles of normal rats and right ventricles of ex-
perimental rats. Also, since the pholtographs were taken with a mag-
nification of 470, the left ventricular hypertrophy of the experimen-
tal animals can be visually spotted, Heowever, visual inspection is
not a substitute for measurcments and statistical amalysis. It is
necessary to consider over two hundred measurements in order to deter=-
rnine whether the distributions are unimodal or multimodal and to deter-

mine valid central tendency data that is capable of being dupliecated.



V., SUMMARY

1. The purpose of this thesis was to determine whether the
rat myoeardium had a consistent fiber and capillary patiern that would
make it suitable for experimental work,

2. From a2 literature review, the histoleogical methods of
previous investigators are described and their resulis are tabulated.

3. The histological and statistical procedures of the present
study, chosen for their accuracy and simplicity, are presented in
detail

L, TFiber diameters in six-month-old rats were analyzed accord-
ing to frequency and cumulative frequency distributions, It was deter-
mined that there was a single population of fibers in each veniricle
and that there were no significant differences between right and left
ventricles of each rat, or between ventricles of wvarious rats.

5. Fiber counts and capillary counts were made and found to
be in direct proportion to one another. A ratio of approxdmately 1:1
was found.

6., Fiber counts per unit area were found to vary inversely
with fiber diameter; and, therefore, provide a quick method of evaluat-
ing fiber sigze.

7. Six-week-old rats were studied but, due to the variations
of normal growth, no definite control values were obtained. Therefore,
young rats, six-weeks-old, approximately one hundred grams in weight,

are considered unsuitable for experimental work involving alterations
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in myocardial fiber size and capillary supply.

8, The myocardia of four rats trezted with DOCA and saline
for two, four, and six weeks were studied. The right ventricles showed
no signifiecant deviations from normal, The left ventricular fibers
were enlarged, The fiber counts and the capillary counts per unit
area decreased in direct proportion to one another, thereby retaining

the 1:1 capillary-fiber ratio of the normzl myocardial tissue,
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ABSTRACT

The purpose of ihis study was to determine whether the rat
myocardium had a consistenl fiber and capillary pattern that would

wmake it suitable for experimental work invelwvwing hypertrophy of the
cardiac muscle fibers, IHistological and statisticel procedures were
chosen on the bases of acecuracy and simplicity.

Piber dianieters in six -month-o0ld rats were snalyzed zccording

- -

to frequency and cumulative frequency distributions. It was determined
that there was a singzle population of fibers in each ventricle and
that there was no signifiecant difference of fiber size belwsen right
and left ventricles of each rat or between ventricles of various rats.
The central tendency data were: mean + 5.D.; 12.9 4+ 4,5 nicra; median,
11,7 miera; mode, 12.3 micra; coefficient of wvariation, 35.l1 per cent.
The average body weight of these rats was 526 grams, The [ibers were
compactly grouped within a twenty micra ranpe, Irom five to twenty-
five micra, The freguency distribution curves were unimeodal and sym-
metrical,

Fiber counts per unit area were found to vary inversely with
fiber diameters and therefore, provide a quick methed of evaluating
fiber size,

Fiber and eapillary counts were made and found to be in direct
proportion to one another. The average capillary-fiber ratio was

0.908 + 0.281 with a 31.0 per cent coefficient of variation. There

were no significant differences between ventricles of each rat or

D



between ventricles of different rats in relation to fiber counts,
capillary counts, and capillary-fiber ratios,

Therefore, it is possible to use adult rats, six months old or
older, in experimental research on fiber size sinee consistent control
values may be obtained in relation to the fiber size, capillary supply,
and the guantitative relationship between the two.

Young rats, six weeks old weighing spproximately one huadred
grams were studied, Capillary counts were reasonably consistent for
right and left ventricles, However, the fibey counts differed preatly
among rats and this caused wide variations in c‘-ﬁ.pill:,'_:?-fi"car' ratics,
The averaged data for the left veniricles were: capillary count, 274;
fiber count, 334; capillary-fiber ratioc, 0.851, The average data for
the right ventriecles were: capillary count, 29%; fiber counbt, 51b;
capillary-fiber ratio, 0,647, Despite the fact that these rats were

-3

of the same trsed, zge, welght, and sex, these varistions made it im-
possible te establish a consistent fiber and earillary pattern in the
six-wreek-old rat myocardium. Since clear contrcl values could not

be obtained, six~week-old rats were considersed unsuitable

mental work involving alterations in myocardial fibver size srd capils

Experimental yois, six to seven and a Lalf moxths old, wiih
an averzge Lody weight of 500 grams, were studied, These animnls irere
trected tuo to six weels with 1 mg/day/rat of 2 long=-ceting prepara-
tion of corticosterone zcetate (DOCA) and pgiven zzline instesd of drink-

ing water, This treatment is known to preduce hypertension and left

ventricular hypertrophy. It was expected thet the cardiac muscle f{ibers



of the leit ventricle would show evidence of hypertrophy, as 2 result
of the hypertension., Couparison with the noymal adult hearis was

made to determine wliether this had oceured. The purpose of this com-
rarison was te deterriine whether ‘the histologicezl and stotisticsl

¢ demonstrste mocirdial al-

o+

procedures vere sufficlently sensitive

As it would be expected, the experimental ripht rentricles were
not sirnificontly different from the wventricles of the conbrol rats.

The average date for eapillary and fiber counts and for capillayy-Ffiber
ratios in the erperimental right ventricles were: . eapillary ook, 27k;
fiber count; 297; capillary-fiber ratio, 0.921l. The cverage datz for
fiber size were: mean + S.D., 13.5 % .5 mirre; medizn, 12,3 micra;
node, 13.14 micra; coefficient of variation, 33.6 per cent.

The left veniricles of the experimental rats choved 2 defiui-
tely altered pattern. Presumably as a result of induced hypertension,
the fiber sizes no longer fell in the five to twenty-five miera range,
There was a definite enlargement of fiber diameters with the majority
of Pibers between eleven and thirty-three micra (a twenty-two micra
range). The fibers enlarged but still remained in a foirly compact
range.

The frequency distribution curves choved a defimite shift to-
ward the larger sizes. The curves were not unimodal nor were they
s:ym.".metx"ical.
The central tendency data for fiber size in the left ventricles

i Iian

of experimental rats were: mean t S.D., 21,0 + 5,7 micra; median,

21.1 micra; coefficient of variation, 26.3 per cent. The modes are



not, given because the distributions were multimodal and varied for
different rats.

Fiber counts and capillary counts per unit area were signifi-
cantly Gifferent from those of the control rats. However, capillary
counts and fiber counts per unit area decrecased in direct proportion
to one another so that the capillary~-fiber ratio gave a mean + 8.D.,
of 0.945 + 0,284 with a 27.7 per cent coefficient of variation. This
is similar to the ratio of the normal control rots,

Since the righl ventricle of the experimental rats has fiber
gizes z‘nd capillayy=-Tiber ratios statisticelly similar to the ventri-

cles of the control rats, the right ventricle of an experimental ani-

mal may serve 2s control when left ventricular changes are to be studied,



