
No. ot 
sample 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
31 

TABli 14. 

Percentage Percentage Di~ference 
volume (whole- volume (ettrated 

blood) blood) 

47 45 2 
48 46.5 1.6 
49.3 48 1.3 
so 49.2 o.s 
47.8 46 1.8 
49 48 l 
46.9 46 1.9 
51 49.6 1.6 
48 46 2 
45.2 44.3 0.9 
45.7 44.3 1.4 
60 48 2 
49 47.2 1.8 
46 46 0 
49.2 47.9 1.3 
49.3 47.6 1.7 
60.2 48 .4 1.8 
50 48.6 1.5 
49.2 48 1.2 
51 49 2 
54 52.5 1.5 
53 52 1 
48 46.3 1.7 
47.5 45.i 2 
40.6 39.5 1.1. 
50 48 2 
50 48.1 1.8 
53.8 52 1.8 
52.5 62 o.s 
34.3 33 1.3 
29.5 29.3 0.2 
38 36 2 
25.3 25 0.3 
1.0.2 48.1 1.3 
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Tables 3 - 10 show the centrifuge readings and in 

table 15 a statistical analysis ot these ts given. 

The average percentage volume reading tor the 

normal birds (l - 5) was 48.9 ± 0.3 ra.nging from 40.6 to 

54.0 (standard deviation a.s, aoefticlent of variability 

5. 9 per cent,) • 

It will be seen that the coefficient ot variability 

ranged from 3.2 to 7.9 per cent, and that the exceptional~ 
tn1.-d.l/'l j/, 

low percentage volume reading shown by bird No.5 is corre-
" 

l~ted with the very low er.ythrocyte count shown by this 
1::4rvt- d a-IL 

bird on 21/1/'36. 

The results shown by No.6 closely approximate 

those trom the normal birds, but the readings obtained with 

the blood of most ot the clinically healthy ostriches (7 to 

17) are, aa in tbe ca.se ot the worm-infested birds (18 to 22), 

comparatively low. 

Perusal of the literature nid not reveal percentage 

volume results for birds. The writer, however, has made a 

number ot percen·tage volume determinations also on fowl 

blood and these are appreciably lower than the results frtn"­

ostrich blood. 

RELATION BETWEEN PERCENT.AGE VOLUI.tl Oi" RED 
CELLS AID T HJUR NUMBU .• 

Like Haser (1923), the writer determined the ratio 

of the volume ot red cells to their number and in calculating 

the ratio the count was considered to the nearest 10,000. 

The results are listed in tables 3 - 10 and a 

statistical analysis is shown in table 16. It will be 

seen that, with a tew exceptiona~the ratios shown by the 

normal birds (1 - 5) closely approximate one another, 

averaging 25.75 ± 0.12 (standard deviation l.02J coefficient 

ot variability 3.9 per ce~). 
Ieser ••••• /-

Digitised by the University of Pretoria, Library Services, 2013



lfeser (1923) t in d1.acusa1ng osmotic pressure ot 

6 ·""' ~) 

the blood, remark&J "In view ot the above statement$ it is 

thought unlikely ~hat th~ osmotic pressure ot horse blood can 

vary much between individuals or in the same individual fro!!! 

time to time. It tbis is accepted then it must equally be 

accepted that the volume ot the red cells cannot be influenced 

to any marked extent owing to changes in the osmotic pressure 

ot the blood." 

The ostrich does not uaually drink much aoo as the 
1915 

skin of birds does not contain sweat glAnds ('Bradle)'/and 

Kaupp 1929) it may be presumed \hat in the ostrich there 1a 

even less change in osmotic pressure ot the blood than there 

is in the blood of an animal like the horse which has a 

large fluid intake and perspires freely. 

Aa the centrifuge reading can be relied upoR to 

reflect accurately the tru.e volume under the current circum­

stancea the extreme variations are, no doubt, largely due to 

errore in the count. 

Take, tor example, the minimum ratio 23.23 - ob­

tained with the results shown by bird No.2 on 26/9/36 - and 

the maximum ratio 28.91 • obtained with the results shown by 

bird No.5 on 24/11/'36• 'l'he respective counts are 1,983,000 

and 1 1853,000. In discussing the erythrocyte counts, it is 

shown that they are subJect to an error ot 10 per cent,and 

if it is presumed that the above counts .were respectively too 

high and too low by 10 per cent. then the corrected tiguree 

would be about l,?ss,ooo and 2,038,000. ~.rhe ratioa now be-

come 25.84 and 26.35, thus cllffering only slightly from the 

average ratio of 25.75. It is, therefore, concluded that 

also in normal ostrich blood the red cells do not vary 

appreciably in volume, a.nd that the number ot red cella can 

be as accurately obtained by dividing the percentage volume 

reading ••• / 
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reading by the figure 25.75 as by counting, provided the 

samples are centrifuged at the speed at. which the centrifuge 

waa run by the writer, and the centrifuge tubes have the same 

diameter. 

The ratios obtained with the results from birds 

7 - 17 a.re too few to permit of any conclt~siona being drawn, 

but the indications are that the red cella of some ot them 

were slightly larger than those ot birds 1 - s. 
The result a trom the worm-infested birds ( lB - 22) 

show a comparatively high coefficient ot variability. 
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TABLB 15. 

"tdt!.ltal analysis ot percentage voluat l!lfl!Be. 

Bird Ho. Sex No. ot Minimum llaximtlll Average Standard error standard de- Coett'ieient 
ftl!ldi~ reading reading reading ot the mean. viation. ot variability. 

1 Male 15 45.8 M.o 50.0 0.7 2.1 5.4 
2 .. 15 43.8 50.0 46.3 O.M 2.0 4.3 
3 .. 12 46.5 52.0 49.1 0.54 1.9 3.8 
4 Female 15 45.4 51.0 49.1 0.4 1.6 3.2 
5 .. 13 40.6 54.0 60.4 1.11 4.0 7.9 

1,2 and 3 Males 42 43.8 54.0 48.4 0.9 2.8 5.8 
4 and 5 I•'emales 28 40.6 51.0 49.7 0.56 3.0 6.2 
l to 5 Males a: 70 40.6 54.0 48.9 0.34 2.9 5.9 

Females 

6 Female 14 43.0 52.8 49.0 0.66 2.5 5.1 

7 to 11 Male a 5 38.4 47.4 42.0 1.50 3.3 7.8 
12 to 17 Females 6 41 .• 4 49.4 43.0 1.29 3.1 7.2 
7 to 17 Males & ll 38.4 49.4 42.6 0.93 3.1 ?.2 

Female a 

18 to 22 t.tales a: 6 25.3 41.8 33.0 2.54 6.1 18.5 
Female a 

l) ~ 
For particulars ot birds see pages 1- 11. ~l 
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Bird No. ~X 

1 Male 
2 " 
3 .. 
4 l'emale 
5 " 

1, 2 & 3 Male a 
4 and 5 Females 
1 to 5 Males and 

F•alea 

6 ~~emale 

7 to 11 Males 
12 to 17 ~emales 

7 to 17 Males and 
V•alee 

18 to 22 Males and 
.remalea 

TABLE "J.b. 

statistical analysis ot ratios between centrifuge readings and the 
red corpuscular counts. 

5o. ot Minimum UaximUJD Average standard :::.-tandard 
determi- ratio z-atio rat.io error ot deviation 
nationa. the mean 

15 23.60 26.94 25.33 0.28 1.09 
15 23.23 27.13 25.91 0.22 0.88 
1.2 24.27 27.08 25.52 0.22 0.78 
15 24.56 27.47 26.13 0.21 0.83 
13 23.34 28.91 25.81 0.38 1.39 

42 23.23 24.27 25.60 0.27 0.94 
28 23.34 28.91 25.98 o.21 1.12 
?0 23.23 28.91 25.?5 0.12 1.02 

14 22.92 26.23 25.11 Oa! . ., 0.30 

5 25.56 27.61 26.87 0.38 0.85 
6 25.24 29.65 27.04 0.61 1.51 

11 25.24 29.66 26.96 0.35 1.18 

6 22.18 31.23 25.21 1.28 3.(8 

1) 
For )articulars ot birds see pages ~ - 11. 

Coefficient 
ot variability. 

4.30 
3.39 
3.05 
3.17 
5.38 

3.67 
4.31 
3.96 

1.19 

3.16 
5.58 
4.37 

12.18 

Oj 

~ 
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MINIMUM AND MAXIMUJI RESISTA..llCE OF THE RED CELLS. 

The points of minimum a.nd maximum resistance of 

the red cells of ostrich blood were determined in the 

tollowing way : lte.lf a c.c. ot blood was added to each 

of a series of test tubes, each containing 10 o.e. sodium 

chloride solution, but ea.cb solution being o. 01 per eent_ 

stronger tha.n the last. Fresh solutions were always made 

up, and the salt was oven-dried before use. After the 

addition of the blood ., the tubes were gently shaken and 

then allowed to stand for 10 minutes. They were then 

centrifuged for 10 minutes at a speed ot 2SOO revolutions 

per minute. W1th1n the pe·~iod specified complete haemolysis 

and the settling of unhaemolysed erythrocytes and 

haemoglobin-tree stromata toolt place. It made little or 

no differe11ee whether the tubes stood. for 10 minutes ot for 

2 hours before being oentrifuged and the readings were 

either the same or differed very slightly, whether the 

samples were centrl:fuged or allo~ed to etand until 

spontaneous settling of the cells had occurred. It appears 

that ha.emolysie is completed within a few minutes, but 10 

minutes wete a.llowed to make quite sure. These observations 

are in agreement with tho~e made on sheep blood by 

Rossouw (1930). 

Kolmer s.nd Boerner (1931) state : ._Normally 

human erythrocytes, oarefully collected aga.inst inJury, 

can remain for two hours a.t room temperature in solutions 

coilta1ning o.42 to o. 44- per cent .. sodium chloride before 

hemolysis begins, whilst under theee conditions hemolysis 

is complete in 0.36 to o. 32 per cent. solutions". From 

this statement by Kolmer and Boerner we must conclude that 

the passage or water into the cells occurs much sooner 1n 

the red cells of the o~tr1ch and the sheep than in those 

of man. 

If, according to the method of Rossouw (1930} 1 

/1 o.c. oetr1ch •• 
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1 c.c. ostrich blood be added to 20 c.c. distilled water -

and the solution is considered as representing 100 per cent. 

haemolysis - then a one per cent. haemolysis can usually 

just be observed with the naked eye, for the solution is 

only very slightly tinged. When the first evidence of 

haemolysis was observed, lysis of at least one per cent. of 

the red cells had therefore already occurred, for the 

samples were not examined spectroscoptically, and the points 

of minimal resistance recorded indicate haemolysis of at 

least one per cent. of the cells. Tinging due to the plasma 

itself can be ignored, for, even when 1 c.c. of plasma is 
10 

added to/c.c. or saline, no colouring of the solution can 

be detected. Whole blood was used and it was always added 

to the solutions within half an hour of bleeding. When 

haemolysis tests were conducted the temperature ranged from 

15°C. to 20°C. 

Workers in determining the fragility of the red 

cells used different concentrations of blood in saline. 

Isaacs (1929), r ·or ins-tance, added 1 drop (a variable quantity) 

of blood to 2 c.c. saline whereas Rossouw (1930) added 1 

c.c. blood to 20 c.c. saline (approximately 1 drop to 1 c.c. 

saline) and Pepper and Farley (1933) added 1 drop blood to 4 

c.c. saline. It is fortunate that there should be no stan-

dard method of performing the test,, as accurate comparison of 

results is often impossible. For example, from the graph 

given by Rossouw (1930) it will be be observed that when 1 c.c. 

sheep blood was added to 20 c.c. of a 0.72 per cent. sodium 

chloride solution 3 per cent. haemolysis resulted, and in 

a 0.67 per cent. sodium chloride solution approximately 

12 per cent. haemolysis occurred. The same author states 

that a 2 per cent. haemolysis gives almost a clear solution, 

and a 3 per cent. haemolysis was found to be the lowest 

practical/ ••••• 
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practical margin to work with. As the first evidence of 

haemolysis was observed in the 0.72 per cent. sodium 

chloride solution, 0.72 might have been considered the point 

of minimum resistance. 

If 0.25 c.c. blood had been added to 20 c.c. of 

a 0.67 per cent. sodium chloride solution, as had been done 

by Pepper and Farley (1933), also 12 per cent. of the cells 

in the 0.25 c.c. blood would have haemolysed, but the 

solution would have shown a tint similar to that of a 

3 per cent. haemolysis in the aforementioned concentration, 

viz. , a colour which can just be observed, and in the latter 

concentration ot blood and saline the point of minimum 

resistance would have been determined as 0.67. 

Wiseman and Bierbaum (1932) have devised a 

fragility test in which the patient's cells a.re tested in 

his own plasma.. Centrifugation of the blood is requiredt 

but it is not necessary to make up fresh sali.ne each time 

the test is carried out, or to set up a control test with 

a known normal blood. 

From the results given in table 17 it will be note( 

that the point of minimum resistance of the red cells of the 

ostrich varies from 0.44 to 0.52 with an average of 0.47, 

and that the point 'Jf maximuril resistancE: ranged from 0.25 

to 0.3, with an average of 0.26. 

Wirth (1931), citing Friedl (1931), gives the 

points of minimum and maximum resistance of fowl blood 

as o.59 and 0.87 respectively, but according to Kleineberger 

and Carl (1927) the point of minimum resistance of fowl 

blood varies from 0.4 to 0.47 • 
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Resistance Ot Erythroc~~s To Maemo1ysis. 
Nos 1 to 5 - Ostriches clinically healthy and found free 

from disease on post-mortem examination. 
No. 6 - Ostrich with club-foot. See pages ~ - m. 

Bird 
No. 

1 

2 

3 

4 

5 

Av. 1,2 &: 3 
Av. 4 &: 5 
Av. 1 to 5 

6 

Sex Date Age II inimum Maximum 
resis- resis­
tance. tance. 

Male 1/10/35 11 mths,l day 0.47 
8/10/35 11 H 8 d~. J 0.45 
30/11/35 13 tt . 0.44 

Male 

Male 

Female 

Female 

26/9/35 
4/10/35 
5/10/35 
19/10/35 
26/10/35 
11/11/35 
30/11/35 

10 .. 26 .. 
11 " 4 " 
11 " 5 .. 
11 .. 19 " 
11 .. 26 tt 
12 tt 11 .. 
13 .. 

26/9/35 10 H 26 M 
20/11/35 12 .. 20 .. 
7/12/35 13 M 7 " 

24/9/35 10 " 24 .. 
1/10/35 11 " 1 dDu 
5/l0/35 11 " 5 --~ r 
11/11/35 12 fl 11 tt 

29/11/35 12 ~ 29 " 

25/9/35 10 " 25 " 
28/9/35 10 H 28 tt 

20/11/35 12 " 20 " 

Males­
Females--~ 
Males & - - -
Femalee 

o.s 
0.48 
0.44 
0.5 
0.5 
0.5 
0.48 

0.45 
0.47 
0.46 

0.5 
0.47 
0.49 
0.5 
0.47 

0.49 
0.52 
0.44 

-0.47 
0.48 
0.47 

Female 28/9/35 10 mthp. 28 da;s 0.45 
20/11/35 12 ~ 20 0.44 
29/11/35 12 ~ 29 M 0,45 

0.3 
0.29 

0.27 
0.26 
0.27 

0,27 
0.27 

0.3 
o.a 
0.28 

o.a 
0.25 
0.27 

0.27 
0.28 
0,28 

0.27 
0.27 
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OSMOTIC PRESSURE ON THE RED CELLS. 

The etteots ot osmotic pressure on the red oells were 

determined by the method used by Neser (1923), and all the 
Dh-

observat1ons were made ~- whole blood. Repeated observations 

were made on the blood of six ostriches, and 1 t wa.s found that 

the cells in the 0.9 per cent . sod1um chloride solution always 

gave ej_ ther the sane reading as those in the plasma, or the 

reading nearest to those in the plasma; 0.9 per cent.sod1um 

chloride solution can, therefore , for praotica.l purposes be 

accepted as s otonic for ostrich blood. 

Ae already stated the wri ter 1 s origina.l intention had 

been to us~ isotonic lithium citrate solution as anticoagulant, 

and it was similarly determined that a 2.~ per oen solution of 

this salt is also isotonic for ostri ch blood. 

Two seta of rea.dings, which also reflect the osmotic 

eff'ecta of certain other solutions on th~ red cells, are given 

below, 
(1) 

l c.o. Coneentrated blood Centr1tuge readings. 
plus 

1 c. c. Plasma 36 

l c. c. 0.7 per oent, sodium chloride solution 39·5 

1 c. c. o.s .. " 
., 

" .. 3g 

l c. c. 0.9 " H " " " ;6 
1 1 " .. .. M • 35 o.c. 

l c. c. l.l " tt ft .. " }4· 5 

l 1.2 N It If .. " ;4 c. c. 

l c. c. Ringer solution 3S.5 
(2) 

l c.e. Concentrated blood Centrifuge readings. 
plus 

1 c. c. Plasma. 33·7 

1 o.c. o.~ per cent. NaCl 35 

1 c. c. 0.9 " " " ;4 
1 o.c. l tt n H 33 

1 c.o. Ringer solution 35 

1 c. c. Ringer-Locke solution 33·5 
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In order to ascertain 1t the cella were similarly 

packed 1n 0.9 per oent.saline as in plasma, samples of whole 

blood were centrifuged tor one and a half hours at 2goo r.p.m. 

The plasma was then p1petted off till near the level of the 

~ed cell column and an amount of 0.9 per cent. sal1n~equal 

to the amount of plasma drawn off, was added. The tubes were 

~heR shaken until the saline and the cells were well mixed and 

'4Jllea the tubes were recentrifuged at the same speed for the 

same length of time. 

The set of readings given below, wh1oh are typical of 

many other readings, show that the results obtained with the 

whole blood were either the same or differed only slightly 

trom those given by the saline mixtures, and that, in deter­

mining the 1eoton1oity of the cells, the percentage volume 

readings obte1ned with the cells in the saline are therefore 

atr1otly oompare.ble w1 th those given by the cells in the plasma. 

BLOOD. CENTEIFUGE HEADINGS. 

Whole blood 51 

Cells plus 0.9 per oent~ saline 52 

'Whole blood 4g 

Cells plus 0.9 per oent~ Sllline 4g 

Whole blood 36 

Cells plus 0.9 per cent, saline 37 

Whole blood 50 

Cells plus 0.9 per csnt,saline 49·5· 
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HAEMOGLOBIN CONT§NT• 

The haemoglobin content was determi ned by means 

ot a lfewcomer Haemoglobinometer ·(Bausch and Lomb). The im-

proved model is fitted with a complementary blue tilter 

with the use ot whieh a aatistactoey colour match is 

obtained. 

Schultze and ElvebJem (1934) eta.teJ *'The 

Newcomer method was never aa satisfactory tor chicken blood 

as for mammalian blood because the turbidity ot the acid 

solution makes it ditticult to ccmpare the unknown solution 

with the standard." 

These authors describe a method in which the 

haemoglobin content is a.lso determined colorimetrically and 

a Newcomer diae is used, but the latter requires restan­

dardisation. 

The haemoglobin content of the blood of the normal 

ostriches (l • 6l varied froa 14.6 to 11.2 p-ams per 100 

c.c:. blood wit.h an average of 16 grama per 100 e.<:. blood 

(table 18). 

Bird No.22 was received from Bredasdorp district. 

It showed a heavy worm infestation and it will be noted 

that the haemoglobin determinations oJi its blood are 

appreciably lower than those Ok the blood ot the normal 

birds. 

Cook and Dearstyne (1934) appear to be the onl7 . 

investigators who have previously used the recent modi­

fication ot the Newc~mer Haemoglobinometer. They made 

haemoglobin determinations Oktbe blood ot 78 normal fowls 

and found the figure to vary from 7 to 17 grams with an 

average ot lO.i grama per lOO c.c. blood. 
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HAEMOGLOBIN COIITENT . 

Noe 1 to 5 - Ostriches c:l1nically healthy at¥! found free 
trom disease on post-mortem examination. 

Mo.& ,. Ostrich with club-foot (aee pagea, 9•10 ) • 
N·o.ll • Unthrifty ostrich ehick whicb on post-mortem exa­

mination showed 11arked verminoaie. 

Bird lfo. 

1 »ale 

2 Male 

3 Male 

4 Female 

5 Female 

1, 2 and 3 Males 
4 and s ~\emalea 

1 to. 6 Male a • ~~-lee 

6 Fertlale 

••• . ·• . ••• ••• 

11 Male 

Date 

4/2/37 
20/2/3? 
19/6/3? 

4/2/3'1 
20/2/3? 
19/5/37 

4/2/37 
20/2/37 
19/5/37 

4/2/3? 
20/2/37 
23/3/37 
17/5/31 

4/2/37 
20/2/37 
15/5/37 

••• ••• 
••• ••• 
••• ••• 

4/2/37 
20/2/37 
1?/5/37 

••• ••• 

512/37 
8/2/37 
11/2/37 
19/2/:r/ 
23/2/37 

Age a.. per 
100 c.c. 
,J!loo4, 

21 mt ba, 4 dar 16 
27 " 20 17.2 
ao • 19 " 11.2 

27 .. 4 • 15.0 
27 .. 20 .. 15.3 
30 .. 19 If 15.5 

27 .. 4 " 16.0 
2? " 20 • 14.6 
30 .. 19 .. 15.2 

27 .. 4 • 16.0 
27 .. 20 .. 16.8 
28 " 23 .. 17.0 
30 " 11 • 16.0 

27 .. 4 " 1?.0 
27 .. so .. 16.2 
30 .. 15 .. 17.0 

••• • •• 15.6 
••• • •• 16.6 
••• • •• 16.0 

27mtha 4~ 14.5 
27 .. 20 .. 14.4 
30 .. 17 • 14.6 

••• • ••• 14.4 

4 mthef 11.0 
4 " 3 <!aye 11.5 
4 ft 6 .. 11.0 
4 .. 14 " 11.8 
4 " 18 .. 11.8 
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LEUCOCYTE COUNTS. 

The enumeration or the white cells 1n ostrich 

blood is attended with the same difficulties which are 

encountered in obtaining an accurate count of these cells in 

the blood of fowls end other birds. The red cells are 

nucleated, and when the method ordinarily applied to 

mammalian blood, of using a diluting fluid containing acetic 

acid to dissolve the red cells, is used,then, upon the loss . 
or the haemoglobin, the stromata ot these cells contract 

about the nuclei, making 1t impossible to discriminate be­

tween these and the leucooytes. 

On the other hend, if a fluid like Toiseon's 

solution 1s used, Which preserves the red cells, the White 

cells and the thrombocytes, then again it 1s impossible to 

distinguish with certainty between the ~brombocytes and the 

small lymphocytes under the powers of magnification that 

can be used in conjunction w1 th the counting cha.aber. 

According to Forkner (1929~ the thrombocytes of 

fowl blood may also be confused with red cells in which 

there is little haemoglobin, but such a difficulty is less 

likely to occur in ostrich blood, since the disparity in 

size between the two types is much greater than in the case 

ot the f'owl. Various methods have from time to t ime been 

advocated to overcome these difficulties, and these are 

considered below. I) 
(l'fJ(J~ 

According to Sha.wA warthin (1907) and Schmeieser 

(1915) resorted to an indirect method. The erythrocytes 

were counted in the ordinary way, and then in f1lme the 

ratio between them and the leucocytes was determined. 

/Kleinberger ••••• 

(l) The writer consulted the publications cited by Shaw. 
warthin does not definitely state that he used an indirect 
method, tor he merely remarks!"Toissons solution was found 
to be the most satisfactory tor the blood counting." 
Schmeisser states that he counted the leucocyt.,es by the in­
direct method, but he gives no particulars about the method 
nor any reference. 
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