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I � ORDER to obtains a better ttnderstanding of tise factors causitsg destruction

of human erythrocytes its vivo, a number of methods have beets devised to

test their susceptil)ihty to destructions by various forces applied in vitro. By

manipulation of temperature, pH, osmotic equilih)rium and by the addition of

hemolysitis, it- has beets possil)le coissisteistly to (letect abnormalities in certaits

disease states.

Although the use of mechaisical shakitsg its the (Iestructiots of erythrocytes was

first suggested by Meltzer’ its 1884, it ss’as Rous2 who stated that “resistance to

hypotonic solutions is in iso real setise ats itsdex to fragility of red 1)lOOd cells.

A clinical investigatiots of this fragility as determitsed by shakitig experiments

might tsot be svit-hout importaisce.”

Shets3 demonstrated that the fragility of erythrocytes subjected to the meas-

ured mechatsical trauma of rolling glass beads stays withits well defined limits

in normal persons and shows sigtsificant increase in conditions such as cotsgetiital

and acquired hemolytic anemias. Young46 has felt that the process of mechatsi-

cal fragility simulates most closely the physiologic conditions in the blood stream.

Both Young and Shen3 have found that in getseral mechatiical fragility is tsearly

always increased when osmotic fragility is itscreased, but in some imsstamsces

mechanical fragility may he increased whets osmotic fragility is tiormal or ac-

tually decreased.

By the use of cells tagged w’ith radioactive irons, Stewart and his co-workers7

have showts that young eryt-hrocytes its (logs have a mechanical fragility les.s thats

that- of the general red cell population, while the osmotic fragility is relatively in-

creased. They also showed that with agitig of the red cell, the mechanical

fragility finally exceeds that of the gemseral red cell population. They poitit out-

that although the “wear atsd tear” imposed ots the erythrocyte in the laboratory

test is more severe thais that- w’hich may occur its vivo because of the isecessity

for testitsg over a short period of time, the life spats of the cell may 1)e partly

limited by factors w’hich itscrease its mechatsical fragility its vivo.

The presetit- study s�’as undertaken to establish the ratsge of values of mechani-

cal fragility of erythrocyte.s its normal infamits amid childrems, usimsg a modthed and

relatively insexpenssive rotator.
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1(fi ME(1IANI(i’AL FtL-�GILIT’u’ OF ERYTtIHOI’YTES

* �sIamsufactured b�v J. II. Fnisersons (‘ompamsy, 22 Cottage Park Aveniue, Canssbridge,

Mass.

METHODS AND MATERI.-�LS

The mechausical fragility of red cells WaS determimied in 40 usewborn imsfanuts between

1 ausd 6 days of age, ius 43 childremi between I lie ages of 6 mouit his amid 13 years ausd in 25

:ulults, all of whsomss ��‘ere niormssal.

The nssechsausical fragihit v was deterussi mse(l by I hue mel hod of Shseui, Castle and Fleming3

wi thu nsso(Ii fical iomss suggesl ed by \ouuug#{176} anud ( arduuer.S 1)efibriuuat ious � performed umider

aseptic precautiouss in 50 cc. Erleuiusiever flasks conmtaiusimsg glass beads. The fibrims (‘lot was
thsemi removed with sterile applicators. Part of the Specimileus was USe(1 insme(hiately for the

oleterussimiat ions of mssechiauiio’al fragihil v, amid 1 he rest WaS imicuhuated for 24 hours at 37 C.

before testiusg.

A �shsotograph of the rot ator* used iuu our laboratory for subjccliusg red cells to the traunsa

of rolliuig glass beads is shsowmi imi figum’e 1. This apparatus has the advauil-ages of beiusg

siuisple, portable amid imiexpemusive. It is ideustical iui priusciple wit Is I lie machimses ims use its

other laboratories.

1-���”�

11G. 1 -Photograph of nssechiauiical rot ator use(1 mi I hue study of msseehausical fragility.

1’hse hiemssatocrit- of t hse sj)e(’imssemu was a(ljusle(l I o 35 per ceuut by addimsg or m’etisovitsg

Pl:usussa a-mid 0.5 cc. of Ilie (‘orre(’le(I specimems ��as h)laCe(1 ins the apparatus amid rotated for
60 ussimiutes at 1(X) r.p.m. ill a 50 cc. Erleuunsseyer flask comutaiusimsg S glass beads of 4.0 nsni.

diausseter, withs Ihie censter of the flask 3.25 �‘ns. frons 1lie ceuuter of the wheel. Frothinsg was

not a sigmiificanut- problem Probably because of I lie sussall radius of thse wheel.

Of I lie remssaiuiinsg portious of the correcled specitsseuu, 0.1 C(’. was added to 1 cc. of distilled

��‘aI (‘r (coussplel e osnssot ic Iysis� i ms a ceust rifuge I ube ; ausot her 0.1 (‘C. was added 1 o 1 cc. of

1.25 per ccuit NaCl solutions (Iso osmotic lysis) iui a secons(l lube. The aussounsts of free hsenso-

globi usins I lie superusal :snst of t huese I ubes were (letcmiii used iusaus Evelyuu ishuotoelect nc color-

insset er, amid the results desigmuated 11 (coussplete lysis) amid () (muo lysis) respectively.
Two 0.1 cc. samisples fronss I lie rotated shseciussemi were added to each of two tubes coustain-

iusg I (‘C. of 1.25 �(T� c(’ust NaCl solutiouu. These were similarly centrifuged, and the free

hsemssoglobini in I lie sul)eruuat anuts (leterussimied, 1�esult 5 were designsat en! Sn ansd S2 respectively.

The nssecluanical fragility of the saniple was I hems deternsiused by use of the fornssula:

= S nssinsus 0

H nsimsus 0

amid (‘xpressed as a percentage value, wlsere S is I Ise average of S1 ansd S2.
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R ESCLTS

The results of the determitsatioiss for each series of cases are shown graphically

in figure 2 atsd summarized in table 1. In all cases tested we found excelletit cor-

relation betweets the duplicate rotated samples.

The most striking finding to be noted is that the meats mechatsical fragility of

nonincubated red cells in newborns (7.1 per cetst) is nearly twice as great as that

of older children and adults (4.0 per cent each). This differetsce appears much

less striking its the results of mechatsical fragility of itscubat-ed cells (table 1).

The mean mechanical fragility of red cells, both iiscubated atsd tiotsinscubated,

of children of 6 months to 13 years is tsoted to be essetstially identical with the

TABLE 1.-Summary of Normal Values for Mechanical Fragility of Erythrocytes for In,fants,

Children and Adults

No rmal value for mecha nical fragility

Unincubated Incubated

No� Mean Standard�
Range No. �Iean

Standard Range

1.
2.
3.

Newborns 40
Children 43
Adults 25

7.1%
4.0%
4.0%

±0.41%
±0.25%
±0.30%

1.1-11.5%
0-6.0%

1.3-6.7%

25
36
15

13.4%
10.5%

10.8%

- ±1.2%
- ±0.73%

- ±1.35%

3.7-21.6%
3.5-23.0%

4.6-19.0%

24 -“� 24 -S---

aI 22 .

20 20 �
8 8 . � � . � .

6 6 � . � . .� .

MECHANICAL 4 #{149} 14 . #{149} . . ..

FRAGuLuTY 2 #{149} 2 . #{149}.:#{149}
(S IEMOLYSISS 10 .#{149} . #{149}. 10 : . #{149}: #{149}.. #{149}. #{149} #{149}

� #{149}#{149}.:.:� #{149} 8..#{149} #{149} #{149}.#{149} #{149}�#{149}

65:.:. �#{149}#{149}:.. #{149}.�.#{149} 6 #{149}

#{149} #{149}.�#{149}#{149}#{149} 4

NewbO,ns CtnId,en Adults Ns#{149}Do’��s CP�.td’e� AdI’s

NON-INCUBATED PICUBATED

FIG. 2.-Results of mechanical fragility of erythrocytes of msormal infants, children

and adults.

values for normal adults. There appears to be rio significant difference in the

normal range for the childrets of differetst ages.

DISCUSSION

The data show that this modified amsd simple rotator is satisfactory for de-

termining mechatsical fragility.

The mean value for normal adults as determitsed by this method is its the same

general range as the few values presented by previous authors. Any differences

might be due to technical variations, such as speed of rotatioms, differences in

numbers of beads, and the short-er flask-to-axle distance in our rotator. Practically,

the significatst deviations from usormal are usually sufficienstly marked as to make

these slight differetsces of little importatsce.
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168 MECHANICAL FRAGILITY OF ERYTHROCYTES

The significance of the itscreased mechanical fragility of erythrocytes in the

tsewborn cats otsly be itsferred at this stage. Goldbloom and Gott-lieb9 ‘ ‘#{176}and

Moilison” have demonstrated increased destructiots of red cells in newborn

infants. It is cotsceivable that the feature of decreased cellular resist-ansce may be a

fact-or in this hemolytic process, and may partially account for elevation of

indirect I)ilirubits in the tseonat-al period. The importaisce of this factor might be

further elucidated by serial studies over the first- few days of life’2 and by cor-

relation of results with serum bilirubin levels. It is nsoteworthy that tsone of the

itsfatsts tested had erythroblastosis or marked physiologic icterus at the time of

testing.

The determinations of mechanical fragility of incubated erythrocyt-es was first

made in studying the mechanisms of red cell destruct-iots in patients with con-

getsital hemolytic atsemia. Its this cotsdit-ion the red cells are considered to be

trapped within the spleets and ins vitro incubatiots is therefore carried out to

mimic the chatsges that may occur its red cells duritsg stagnation within the

spleen. The det-ermitsation of mechanical fragility of incubated erythrocytes is at

best a rather crude test, atsd the results its this, as ins other series, show a con-

siderably wider ratsge of scatter than do the results with freshly drawts red cells.

This differetsce is undoubtedly due to the tsumber and variability of factors which

may affect the resistatsce of the red cell in the course of incubation. Such factors

itsclude : (1 ) minor degrees of bacterial cotstamination, (2) precipitation of water

itsside incubated flasks, (3) pH changes, (4) autohemolysitss, (5) evaporation

from flasks not thoroughly sealed during incubation, (6) variability in duration

of incubatiots and (7) primary extracellular osmotic differences, e.g. serum pro-

teins atsd blood sugar.

However, despite the possible influence of all these factors, the variation from

the normal range is usually sufficiently and consistently marked its disease

states to be distinctly abtiormal.

Studies of mechatsical fragility its a number of diseases characteristically asso-

ciat-ed with anemia are in progress, amid will be presetited its future publications.

SUMMARY AND CONCLUSIONS

1. The mechatsical fragilit-ies of itscubated and tsonincubated erythrocytes of

normal isewborn infants, children and adults have been determined through the

use of a simplified rotator.

2. The meais mechatsical fragility of tsotsinscubated eryt-hrocyt-es was 7.1 per

cent for newbortis, 4.0 per cetst for childrens and adults; t-he meats mechatsical

fragility of iticubated erythrocytes was 13.4 per cent for tiewbortis, 10.5 per cent

for children and 10.8 per cetit- for adults.

3. The possible relationship of increased mechausical fragility of erythrocytes

in the tsewborti to inscreased hemolysis in the neonatal period is suggested.

4. Possible causes of variation ins the det-erminatiots of mechasuical fragility

of incubated erythrocytes are discussed.
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