
Differential Lysis of Bovine and Canine Erythrocytes in Saline Versus 
Saponin: Relation to Cell -4gel (36009) 

LARUE w. JOHNSON AND SAMUEL sCHWARTZ2 

St. Paul, Minnesota 55101, and Department o j Medicine, College of Medical Sciences, 
Department of Veterinary Medicine, College o j Veterinary Medicine, University of Minnesota, 

University of Minnesota, Minneapolis, Minnesota 55455 

Marked differences in osmotic fragility 
have been reported for erythrocytes of differ- 
ent species ( 1). In humans (2-4), rats ( 5  ) , 
and rabbits (6, 7 )  most young erythrocytes 
are more resistant to lysis in hypotonic saline 
than are older cells, though varying propor- 
tions of these young cells may show increased 
osmotic fragility. Studies of porphyrin con- 
tent of lysates of red cells from two porphyr- 
ic cows (8),  however, were believed to indi- 
cate a uniquely increased osmotic fragility of 
most young erythrocytes in these animals. 
Following injection of 59Fe citrate in 4 acute- 
ly bled dogs (9, lo) ,  young erythrocytes 
were found to be relatively more fragile than 
average. Such ilzcreased fragility was less cer- 
tain in the single normal dog studied. 

The present studies (11) in cattle and 
dogs had 3 goals: ( i )  to investigate directly 
and in greater detail the relationship of cell 
age to osmotic !ysis in these 2 species; (ii) to 
do comparable studies with potentially more 
useful chemicals, such as saponin; and (iii) 
to relate the concentration of various consti- 
tuents of successive hemolysate fractions to 
the half-times of these constituents in the 
circulating cells. Analyses dealing with the 
latter application are considered elsewhere 

Maierials and Methods. Protocols of ani- 
mal studies. Studies have been made of eryth- 
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(12). 

rocytes from 1 porphyric and 3 normal 
Holstein-Friesian cattle, all 3-8 months of 
age, and from 2 normal adult dogs. Single 
intravenous injections of g l ~ c i n e - 2 - ~ ~ C  (9-1 7 
pCi/kg) and/or of 5DFe-citrate (0.24-2.1 
pCi/kg) were given to each. The most de- 
tailed studies were made of porphyric heifer 
No. 2966 in which seven phlebotomies of 500 
ml each were performed over a 20 day peri- 
od to stimulate erythropoiesis prior to injec- 
tion of the glycine-2-'T. Twelve blood sam- 
ples of 140 ml each (heparinized) were re- 
moved subsequently, from days 2 to 120. 
Such phlebotomies were not performed in 
any of the other animals. 

Studies of in vivo red cell survival and 
other hematology data in the cattle are de- 
scribed elsewhere (13). 

Preparation of hemolysates. Fractionation 
of hemolysates employed a serial osmotic 
fragility technique similar to that described 
by Simon and Topper ( 2 ) .  Four or 5 succes- 
sive hemolysate fractions were prepared in 
each s'tudy. The concentrations of NaCl (or 
saponin) employed were determined in pre- 
liminary tests to define conditions which 
would yield approximately 10% of the total 
hemoglobin (Hb) in the first and last lysate 
fractions. These conditions were found to 
vary among different individuals, but were 
essentially as follows in the cattle: The hep- 
arinized blood was cooled immediately in an 
ice bath, and kept a t  about 4 O  throughout 
the preparative procedure. The centrifuged 
cells were washed 3 times with isotonic 
saline, suspended in 5 vol of 0.51 to 0.60% 
NaCl, and kept at 4' for 10 min. Following 
centrifugation, the supernatant soh  tion 
(fraction I) was removed by aspiration. The 
remaining cells were then hemolyzed by suc- 
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cessive similar treatment with the same vol- 
umes of progressively lower concentrations 
(0.52 to 0.44%) of NaCl, and finally with 
distilled water (fractions 11-V) . Because of 
the greater resistance of dog erythrocytes to 
saline lysis ( 1 ), initial concentrations of 
NaCl for their cells ranged from 0.38 to 
0.45% for fraction I, and from 0.34 to 0.40% 
for fraction IV. Again final lysis (fraction V) 
was with H20. 

Saponin, dissolved in isotonic saline, 
ranged from 0.1 to 0.2570 concentrations in 
fractions I-IV in cattle, and from 0.01 to 
O.O2C/c in the same fractions in dogs. Final 
hemolysis was again with H 2 0 .  In each case, 
5 vol were added per initial volume of packed 
cells. 

No attempt was made to maintain a con- 
stant pH in the lysed samples. The p H  in 
each of the bovine samples tested was 6.0 or 
less in the first hemolysate, while that of the 
dog samples generally began a t  close to pH 
6.7. In  all cases the p H  tended to fall in 
successive lysates, reaching about 5.6 and 6.2 
in the bovine and dog bloods, respectively. 

Chemical and isotopic analyses. The H b  
concent ration :rnd con tent were determined 
in each fraction, and the Hb-protoporphyrin 
(Hb-proto) isolated by Grinstein’s method 
(14) for 14C analysis in a gas flow propor- 
tional counter. ‘The s!Te activity was deter- 
mined from 4 rnl aliquots of each lysate frac- 
tion, counted directly for a total of a t  least 
10,000 counts in a well scintillation counter. 

In  the tests we considered isotope labeling 
to be essentially complete within 24 hr. Cn- 
der these conditions, the isotope content of 
any fraction would, essentially, represent H b  
from lysed cells whose age was equal to the 
number of days elapsed from the injection 
date. 

Results.  1. Studies of porphyric heifer iY0. 

2966 : Anemia and stimulated erythropoiesis 
on the day of isotope injection were reflected 
in the H b  concentration of 6.6 g/lOO ml, and 
in the 6 reticulocytes found/100 red cells. 
Results for the 4 successive hemolysate frac- 
tions from each of the 12 bloods sampled are 
summarized in Fig. 1 in terms of the percent- 
age of the total H b  which was found in each 
fraction (part A), the relative specific activi- 

A 
40 

30 

30 . 

I0  

7 1  

3 0  8. 

2 0  - 
- 

I 0  

0 5 

70 

50 c. 

30 

2 0  

I0 . 

5 -  

... . - 1 

I n 

3 d 
I 

I I 1 1 1  
2 4 6 10 20 30 50 00 120 

Days After Glycine - I4C 

FIG. 1. Distribution of t o t 4  Hemoglobin and of 
“ C  in Hb-proto in 4 successive hemolysate fractions, 
days 2-120 after injection of glycine-2-”C. The rela- 
tive activity (cpm/mg of Hb-proto) is defined here 
as being equal to the am0un.t (cpm/mg) in any 
fraction divided by the average (cpm/mg) of all the 
fractions. 

ties of Hb-proto in each fraction (part  B ) ,  
and the percentage of total Hb-proto-l“C ac- 
tivity found in each fraction (part  C).  Time 
is plotted on a log scale to show more clearly 
the rapid changes which occurred during the 
first 2 weeks. 

Of major significance is the finding (part 
B) that very young and, to a lesser extent, 
very old cells were both most susceptible to 
lysis in hypotonic saline. Thus, on day 2,  the 
specific activity of the most fragile fraction 
( I )  was 4 times that of the average, or 17 
times that of the most resistant fraction 
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TiZlILE I. ( ' I I ; I I ~ ~ W  i n  IsotolIr TJ:tl)cliiig i i i  Heinol- 
!.Sate Fractions Followi~ig ~ i i jwt io l i  of '"Fe-citrate 

Comparable results, not included here, were 
obtained for Hb-proto-14C in hemolysates of 
normal calf 3078, studied only on days 6, 16, 
28, and 104 ( 11). Additional data are given 

3. Comparison of saponin and saline as 
1)a-y 1,abcl T I11 Iytic agents in cattle and dogs. Comparative 

a11d "C-Glyciiie ; Sonrial Calf 3301 .n 

Rel:Ltive activity 
fractions I-V in Table 11. 
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0.8 

0.8 
0.8 

1 .o 
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0.9 
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0.8 
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0.8 
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0.6 
0.6 
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0.7 

0.7 
1.0 

0.8 
1.0 

1 .l 
1.0 

1.5 
1 .o 
1.2 
1.0 

1.1 
0.G 

a To simplify this table (and Tablc II), values 
for fractions I1 :ind I V  arc oniitted. They were, in 
alniost cvery iiistance, iiitcrniediate between those 
of acljaceiit fractions. Rclntivc activity is defined 
as for Fig. 1B. 

( I V ) .  With increasing cell age, the relative 
specific activities in all 4 fractions rapidly 
approached one another and were all approx- 
imately equal on day 8. Thereafter values 
diverged temporarily; 2 to 4-week-old cells 
became more resistant to hemolysis than the 
average, as shown by the maximum specific 
activity in fraction IV and minimum activity 
in fraction I. Finally, hemolysis was again re- 
versed, with Hb-proto-I4C from older cells 
(70 days or more) becoming most concen- 
trated again in the first most fragile fraction. 

2. Studies in normal calf 3301 injected 
simultaneously with l4C and j 9Fe  labels. The 
saline fragility patterns found with each iso- 
tope in this normal calf (Hb, 12.3 g/100 ml) 
were generally similar to those of the anemic 
porphyric calf for several weeks (Table I) .  
The consistently greater relative activity of 
59Fe in fraction V from days 65-105 reflects 
reutilization of BgFe, but not of 14C (13). 

studiesof these 2 agents are summarized here 
only for the critical first week (Table 11). 
Young cells were most fragile with both 
agents in the cattle, minor differences being 
due to differences in Hb content (not shown) 
in the corresponding fractions. I n  the dogs, 
on the other hand, striking differences were 
found; the young cells were most resistant in 
hypotonic saline, but most fragile in saponin. 
Older cells in the dog (days 57-1 15) showed 
increased osmotic fragility. 

As noted earlier, bovine erythroctes were 
much more fragile in hypotonic saline than 

TABLE 11. Similarity of Saline and Saponin Ly- 
sis of Normal Bovine Erythrocytes Contrasted with 
Their IXff ering Behavior Toward Canine Erythro- 

cytes." 

Relative activity (mFe) 
fraction 

Lytic agent Day I 111 v 

sspo1li11 
S:ilinc 
Snponi n 
Saline 
S;iponin 
Sd ine  

S:1ponin 

S:tpo 1Li 11 

S:tline 

S:LliIie 
S:q>oiiin 
S;ilin e 
S:iline 
S; i 1 i 11 c 
8;) 1 i nc 
S;ilinc 

2 

3 

6 

2 

3 

G 
7 
8 

67 
91 

115 

Bovine study 
13.7 0.8 0.3 
12.0 0.5 0.8 

4.5 0.8 4.0 
5.0 0.4 0.6 
5.0 0.7 1.2 
3.3 0.8 0.8 

Canine study 
2.1 0.4 0.2 
1.4 0.4 3.5 
1.3 0.9 0.4 
0.7 0.3 4.2 
0.9 1.5 0.4 
0.4 1.2 1.4 
0.2 0.9 1.3 
l . 5  0.9 0.G 
1.9 1.0 0.8 
2.6 1.0 1.3 

Bovine studies: Kormal cow, 3256, except f o r  
day 3 saline data from cow 3301. Dog studies: 
Saponin da ta  (and day 3 saline data) from dog 
nuniber 3 ;  remaining saline da ta  from dog num- 
ber 2. 
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were those of dogs. The reverse was true with successive lysates for direct determination of 
saponin, where -only about 1/10 as much 
saponin was required for hemolysis of canine 
cells as compared to those of cattle. 

Discussion. 'The techniques employed here 
(from 1962-1965) for fractional red cell he- 
molysis were rather crude compared to some 
very elegant methods described in recent 
years. These latter methods have been re- 
viewed by Van Gastel (15). Some have em- 
ployed osmotic lysis (2-5, 16-18) others im- 
mune hemolysins (19, 20) or chemicals such 
as primaquine (21). The role of modifying 
factors such as pH (18) or addition of mate- 
rials such as nucleosides (20) have also been 
described. With nearly all these methods, the 
older cells have been reported to show the 
greatest susceptibility to lysis, with variable 
lysis of young cells. Though Borek et al. 
(19) found young red blood cells of the rat 
to be most susceptible to lysis by rabbit he- 
molytic factor, old cells were found most 
fragile in similarly treated blood from hu- 
mans and dogs (22) and from sheep (20). 

Frei et QZ. (23) have prepared osmotic 
fragility curves (fragiligraphs) of cattle. Until 
the eighth or ninth week after birth, bimodal 
curves were found, with fetal hemoglobin 
present almost entirely in the osmotically 
more resistant iraction. The first, more frag- 
ile, fraction was characteristic of mature cat- 
tle, such as those included in our study. Bi- 
modal curves were also reported in newborn 
pigs, rabbits, mice, hamsters, and guinea pigs 
( 1 ) .  In neither report, however, was there 
any suggestion that differential lysis related 
directly to red cell age. 

Since primary interest usually relates to 
separation of young cells or their contents, 
and since i t  is easier to isolate the first ( i . e . ,  
10%) portion of hemolysate than the interme- 
diate or final portions, such studies are tech- 
nically more feasible in the bovine than in 
other species reported, using either osmotic or 
saponin lysis. 'The studies reported here also 
suggest that use of saponin, rather than of 
saline, offers the advantage of most rapid 
lysis of young cells in dog blood. The possi- 
bility that this might be true also of blood 
from humans and other species has not been 
tested. The potential application of data from 

half-times of red cell constituents is consid- 
ered elsewhere ( 12). 

Summary. Very young erythrocytes in cat- 
tle (normal or porphyric) appear to be rela- 
tively unique in showing markedly increased 
fragility in hypotonic saline. Most young 
erythrocytes in a normal dog, in contrast to 
earlier reports of acutely bled animals, were 
the most resistant to osmotic lysis. Saponin 
preferentially lysed young erythrocytes in a 
normal dog, as well as in a normal calf, and 
may thus have special value for preparation 
of hemolysates enriched in constituents of 
young red cells. Cell age in all studies was 
established by a single intravenous injection 
of gl~cine-2-*~C or of 59Fe-citrate; and age- 
dependent fragility determined by suitable 
isotope analyses of successive hemoly sate 
fractions was carried out on bloods sampled 
periodically for up to 120 days. 

The authors are grateful to I. Bossenmaier and R. 
Cardinal for valuable technical assistance, to  Dr. 
C. J. Watson in whose laboratory some of the 
analyses were done, and to Dr. Paul Hammond for 
use of radioisotope counting equipment. 

1. Perk, K.,  Frei, Y. F., and Herz, A., Amer. J .  
Vet. Res. 25, 1241 (1964). 

2.  Simon, E. R., and Topper, Y. J., Nature (Lon- 
don) 180, 1211 (19S7). 

3. Marks, P. A., and Johnson, A. B., J. Clin. 
Invest. 37, 1542 (1958). 

4. Sass, M. D., Levy, L. M., and Walter, H., Can. 
J. Biochem. Physiol. 41, 2287 (1963). 

5. Levy, L. M., Walter, H., and Sass, M. D., 
Nature (London) 184, 643 (1959). 

6. Chalfin, D., J.  Cell. Comp. Physiol. 47, 215 
( 1956). 

7. Jaffb, E. K., Vanderhoff, G .  A., Lowy, B. A., 
and London, I. M., J. Clin. Invest. 37, 1293 (1958). 

8. Watson, C. J., Perman, V., Spurrell, F. A., 
Hoyt, H. H., and Schwartz, S., Arch. Intern. Med. 
103, 436 (1959). 

9. Cruz, W. O., Hahn, P. F., Bale, W. F., and 
Balfour, W. M., Amer. J. Med. Sci. 202, 158 
(1941). 

10. Stewart, W. B., Stewart, J. M., Izzo, M. J., 
and Young, L. E., J. Exp. Med. 91, 147 (1950). 

11. Johnson, L. W., PhD thesis, Univ. of Min- 
nesota, St. Paul, 1966. 

12. Johnson, L. W., and Schwartz, S., Proc. SOC. 
Exp. Biol. Med. In Press. 



DIFFERENTIAL LYSIS OF ERYTHROCYTES 875 

13. Johnson, L. W., and Schwartz, S., Amer. J. 

14. G r h t e h  Me, J. Bid. Chem. 167, 515 (1947). 
15. Van Gastel, C., Methods for studying the (1960). 

in vivo aging of red cells. Blood Information Ser- 

19. Borek, B.  A., Sass, M. D., and Zaffuto, S. F., 

20. London, I. M., Bull. N.Y. Acad. Med. 36, 79 

21. Beutler. E., ~ ] ~ ~ d  14, 103 (1959). 

Vet. Res. 31, 2167 (1970). Proc. SOC. Exp. Biol. Med. 116, 1151 (1964). 

, I  . ,  
vice, 1968. Library of Congress, Card No. 68-982 1. 

16. Danon, D., J. Clin. Pathol. 16,377 (1963). 
17. Danon, D., Brit. J. Haematol. 13, 61 (1967). 
18. Parpart, A. K., Lorenz, P. B., Parpart, E. R., 

Gregg, J, R., and Chase, A. M., J .  Clin. Invest. 26, 

22. Griggs, R. C., and Harris, J. W., Blood 18, 

23. Frei, Y. F., Perk, K., and Danon, D., EXP. 
806 (1961). 

Cell 30, 561 (1963). 

636 (1947). Received March 1, 1971. P.S.E.B.M., 1971, Vol. 138. 




