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The third and final year of activity concerning the development of an
 

artificial diet for blood feeding arthropods has ended with mixed results
 

about success. 
 The 	fact that it is not possible to obtain a renewal 
from
 

AID Places restrictions on 
the future of this research. Although a
 

semi-defined artificial diet was 
successfully developed and tested, the
 

greatest breakthroughs will come 
only with an understanding of the
 

nutritional importance of lipids isolated with all 
hemoglobin preparations.
 

To this end 
a process for isolating nondenatured hemoglobin free of membrane
 

lipids has been developed, 
A manuscript for publication is in preparation.
 

The African counterpart Mr. Geoffrey Kapatsa has 
one year to complete
 

his PhD at Texas A&M University. Since funding is a problem, Mr. Kapatsa
 

may not complete his degree by the time his funds expire in December 1986.
 

Attached you will find publications from this research which give
 
greater detail 
of our 3 years of progress. The most significant findings
 

are: 

I, 	Hemoglobin and albumin components of blood provide nutritional
 

adequacy for tsetse flies.
 

2. 	Tsetse and stable flies have glycosidases in the digestive tract for
 

blood meal digestion.
 

3, Freeze-orieo blooa offers 
some alternatives to feeding fresn blood
 

to flies.
 

"~/9 



4. 	Additives and physical processes can improve the nutritional quality
 

of freeze-dried blood.
 

5. 	Nutritional superiority of pig blooc over cow blood may be due to 

the 	physical nature of pnospnolipids.
 

6. 	Nutritionally inferior cow blood may have high concentrations of
 

C:18-3 fatty acid which interferes with the fly's physiology. 
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Comparison of lipid-free haemoglobin and stroma-contaminated haemo
globin diets for adults of Stomoxys calcitrans (L.) (Diptera: Muscidae) 

G. KAPATSA*, G. E. SPATES, C. L. SHEFFIELD and 1. R. DELOACH 
US Departmentof Agriculture, AgriculturalResearch Service, Veterinary Toxicology and Entomology
Research Laboratory, P. 0. DrawerGE, College Station, Texas 77841, USA 

Abstract 
Adults of Stomoxys calcitrans (L.) that fed on stroma-contaminated 

haemoglobin plus bovine serum albumin had normal survival, fecundity and 
egg hatch. Feeding on haemoglobin from which the erythrocyte membrane 
stroma had been removed, together with bovine serum albumin, reduced
fecundity to zero. The addition of membrane ghost preparation to a lipid-free
haemoglobin and bovine serum albumin diet restored the essential nutrients 
for normal fly fecundity. For normal reproduction therefore, S. calcitrans 
adults require erythrocyte stroma. 

Introduction 
Artificial diets for blood-feeding arthropods have been reported. Diets for adults of the


stable fly, Stomoxys calcitrans (L.), 
 and tsetse fly, Glossina paipalis palpalis (Robineau-
Desvoidy) were independently reported by DeLoach & Spates (1984) and Kabayo et al.
(1985). Both laboratories reported the use of a bovine haemoglobin and bovine serum
albumin diet which essentially replaced whole blood. Haemoglobin which was isolated in
this labcratory and suspected to contain membrane stroma as a contaminant was used as one component of the diet. A commercially available bovine haemoglobin was also found 
to be suitable in dietary tests (Kabayo et al.. 1985). However, some commercial prepara
tions of bovine haemoglobin were found to be totally unsuitable for either S. calcitrans or 
G. p. palpalis(DeLoach & Spates, 1984).

Although a semidefined artificial blood diet for stable flies and tsetse flies is known, a 
true holidic diet cannot be defined until the question of purity of the two basic components
of the diets is known. It is highly probable that the haemoglobin used in the so-called
College Station diet (DeLoach & Spates, 1984) and the haemoglobin used in the KT-80
diet (Kabayo et al., 1985) are indeed contaminated with membrane erythrocyte stroma
components. Moreover, it is unclear as to whether haemoglobin is required or whether the 
stroma contaminants are required by the flies. Since our laboratory has reported the
development of a process to isolate ultrapure lipid-free haemoglobin (DeLoach et al.,
1986), it became possible to test the hypothesis of the importance of stroma in the diet of
adult stable flies (Sheffield et al., 1987, Sheffield et al., in press). 

*Deceased. 

Mention of a trade name, proprietary product, or specific equipment does not constitute aguarantee or warranty by the US Department of Agriculture and does not imply its approval to the
exclusion of other products that may be suitable. 

,,IC'd inSCI APR 1,011W C 



42 G KAPATSA. G I, SPAI.S. C I. SUIFFIH.) ind J R I)1IIUACII 

Feeding tests were conducted with adults of S. calcitrans, and the fecundity, percentage 
egg hatch and percentage surviva of the flies were determined. Flies were fed diets 
consisting of lipid-free bovine haemoglobin, stroma-contaminated bovine haemoglobin and 
various stroma additives in combination with bovine serum albumin. 

Materials and methods 
S. calcitrans was obtained from a stock colony maintained at this laboratory since 1969 

(Ivie & Wright, 1978). The larval rearing method was as described by Bridges & Spates 
(1983). Newly emerged flies were sexed and. placed in cages (12 females and 6 males). 
Twenty-four hours post-emergence, flies were fed to satiation from dental rolls saturated 
with a particular diet and were then fed daily for 13 days. Egg collection was begun on the 
sixth day and continued to the 13th day. 

Haemoglobin isolation 
Bovine blood (500 oh) was collected in a heparinized container from Brahman x 

Hereford cattle. Erythrocytes were isolated by centrifugation (at I(XX) g) and washed, three 
times each, in 5 vol. of 0.9%/ NaCI. The washed erythrocytes were divided into equal 
portions for further isolation of bovine haemoglobin.

Stroma-contaminated bovine haemoglobin was prepared from erythrocytes which were 
haemolysed by hypotonic dilution in distilled wat.r. One vol. of washed erythrocytes was 
mixed with 3 vol. of water, and the haemolysate was centrifuged at 10 000 g for 20 min. 
The supernatant containing the haemoglobin contaminated with erythrocyte stroma was 
freeze-dried for storage before use in feeding tests. 

Lipid-free haemoglobin was prepared essentially as described by DeLoach et al. (1986). 
Basically, erythrocytes were dialysed against hypotonic phosphate buffer until an osmolarity 
of 160-18(i rnOsmikg was reached. Then, dialysed porous erythrocytes were kiltrafiltered 
with a 0.1-,pm-pore hollow-fibre unit. The ultrafiltrate containing stroma-free haemoglobin 
was then freeze-dried and stored at ambient temperatires. 

Freeze-dried bovine blood and bovine plasna 
Fresh bovine blood was collected with heparin in 500-ml batches. Blood was immediately 

shell-frozen and freeze-dried in a laboratory scale freeze-dryer. Dried blood wais stored at 
ambient temperature until use. The freeze-dried bovine blood was stored at ambient 
temperature until it was reconstituted in distilled water for feeding tests. 

Bovine whole blood was collected in heparin and centrifuged at I(X) g for 2 min. The 
plasma supernatant was saved and frozen for feeding tests. 

Erythrocyte ghost isolation 
Since the haemoglobin purification procedure described by DeLoach et al. (1986) yields 

two components, lipid-free haemoglobin and a membrane-rich fraction, the membrane 
fraction was further processed to yield essentially haemoglobin-free membrane ghosts. The 
erythrocyte ghosts from the haemoglobin ultrafiltration process was mixed with an equal
volume of KHzPO4 (0.05 ms, pH 7.2) (adjusted to 16(1 mOsm/kg with NaCI) and centrifuged 
at 10 00(0 g for 20 min. The pellet was washed three additional times with 4 vol. of buffer. 
The resulting white ghost pellet was resuspended in 09% NaCI to yield aghost concentration 
of I X 10''iml. Erythrocyte ghosts were enumerated in a particle counter equipped with a 
channel analyser (Coulter Electronics, Hialeah. Florida . 

Feeding tests 

Replicate gioups (3) of adult flies (12 females and h males) were fed the following diets: 
(1) freeze-dried bovine whole blood reconstituted in distilled water, (2) stroma-contaminated 
haemoglobin (14 g%) plus bovine serum albumin (6 g%) in distilled water. (3) stroma
contaminated haemoglobin (14 g%) plus fatty acid free bovine serum albumin (6 g%) (Cohn 
Fraction V. Sigma Chem. Co., St. Louis, Missouri), (4) stroma-free haemoglobin (14 grl, )
plus bovine serum albumin, and (5) stroma-free haemoglobin (14 g%) plus fatty acid free 
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bovine serum albumin (6 g%). Fecundity, perce-tage egg hatch and percentage survival 
were calculated. Data were analysed by analysis of variance. 

Feeding tests withi er'throcteghost, preparations 
Replicate groups (3) of adult flies (12 females and 6 males) were fed the following diets: 

(1) freeze-dried bovine blood reconstituted in distilled water, (2) stroma-contaminated 
haemoglobin (14(%) plus bovine serum albumin (617r) in distilled water, (3) stroma-free 
haemoglobin (14"( ) plus bovine serum albumin (6%) in distilled water, (4) 1vol. diet no. 3
plus I vol. erythrocyte ghosts, (5) 1vol. diet no. 3 plus 5 vol. erythrocyte ghosts, (6) bovine 
plasma, (7) 1 vol. bovine plasma plus 5 vol. erythrocvte ghosts. Fecundity, egg hatch and 
survival were recorded. Data were analysed by analysis of ,'ariance. 

Results 
F.ies fed on the control diet (freeze-dried blood) showed excellent fecundity (Table I).

The stroma-contaminated haemoglobin plus either bovine serum albumin or fatty acid free 
bovine serum albumin we:r not significantly different with respect to fecundity, percentage 
egg hatch and percentage survival. The mean fecundity of 48.6 eggs/female per day attained
with the former diet is 2017 higher than that previously reported for the so calledf College 
Station diet (DeLoach & Spates, 1984).

The most important aspect of these feeding tests is the finding that flies fed a dietconsisting of stroma-free haemoglobin in combination with bovine serum albumin had zero
fecundity. Survival on this diet was also significantly reduced (Table I). These are the first 

TABLE 1. F-ctindit.' egg hatch and survival of Stomoxys calcitrans adults fed on 
lipid-free haemoglobin 

No of Hatch Survival
Diet eggs.fcmale.'day ( 1 (% )
 
Freeze-dried bovine blood 
 19.a 974a 95.4a
Lipid-containing hsiemoglobin


plus bovine serum albumin (BSA) 48.6h 
 86b 94.t6a
plus faitr acid free BSA 47.2b 75.lb 93.Oa 

Lipid-free haemoglobin
plus BSA tic Oc 63.2bplus fatty ac-d free BSA Oc 0c 59.7b 

The figures arc means in = 211
 
Figures in same column follovwed by a common letter are not significantly different (P<0.05).

BSA = Bivine serum albumin.
 

results describing the nutritional requirement for erythrocyte stroma in the blood diet of 
adults of S. calcitrans.

When lipid-free haemoglobin plus bovine serum albumin was combined with increasing
amounts of purified ervthrocyte membrane preparation, fecundity increased proportionally
(Table II). With 5 vol. of membrane preparation, the fecundity was significantly higher than 
with I vol. of membrane. Survival increased significantly as the amount of membrane 

TABLE 11. Fecundity, egg hatch and survival of Stomoxys calcitrans adults fed on 
membrane stroma and protein 

No of Hatch SurvivalDiet eggs female da,( II l' 
Freeze-dried bovine btood 72.ta 95.3a 99.7aLipid-contaminated hacmoglobin 9BSA 4.Th 93. a
Lipid-free haemoglobin + 'SA 2.7c 

5.5a 
0111 86.4b0I vol.) membrane 12.9d 1.4,c 91.7b


(5 vol.) membrane 44.5b 
 45.8b 99,6a
Bovine plasma 27.5e 90.la 81.2b
Plasma + (5 vol.) membrane 33.0e 94. a 84-7b 

The figures arc means (n = 21).

Figures in same column followed by a common letter are not significantly different (P<0,05).

BSA = Bovine serum albumin.
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suspension in the diet increased (Table II). Lipid-free haemoglobin plus bovine serurr 
albumin plus 5 vol. membrane was not significantly different from st oma-contaminated 
haemoglobin plus bovine serum albumin. 

When membrane suspensions were added to bovine plasma, no significant improvement
in fecundity, percentage egg hatch or percentage survival were observed (Table I1). In all 
feeding tests with lipid-free haemoglobin plus bovine serum albumin, egg production was 
0-3 eggs/female per day, with very little variation. Lipid-free haemoglobin plus bovine 
serum albumin plus membrane suspension fed to flies resulted in a percentage hatch not 
significantly different from that of control flies fed on reconstituted freeze-dried whole 
blood. 

Discussion 
We report here for the first time that ervthrocyte stroma is required by adults of S. 

calcitrans for normal fecundity, egg hatch and survival. These results demonstrate the 
essential nature of the erythrocyte membrane components on the flies. Previous methods 
to isolate lipid-free haemoglobin have resulted in either denatured haemoglobin (Riggs,
1981) or stroma-contaminated haemoglobin (Rabiner et al., 1967). Thus, the isolation 
methodology for large quantities of lipid-free haemoglobin (DeLoach et al.. 1986) has 
proved useful. 

Haemoglobin purity and its stroma content have been previously reported (DeLoach et 
al., 1986). All the lipid-free haemoglobin used in these tests was from a lot known to be 
lipid-free. The stroma-contaminated haemoglobin has been previously shown to contain 
cholesterol. sphingomyelin, phosphatidyl serine and phosphatidyl ethanolamine (DeLoach 
et al., 1986; Sheffied et al.. 1987).

The addition of membrane suspensions to lipid-free haemoglobin plus bovine strum 
albumin diets gave a significant improvement in fecundity (Table I1). Survival of the adults 
also improved significantly. Contrary to these results, the addition of membrane suspensions 
to bovine plasma did not cause an increase in the fecundity (Table I1). Thus. haemoglobin
is required by the flies. Apparently. plasma alone provides sufficient nutrient so that 
fecundity is about three-quarters of that found with stroma-contaminated haemoglobin plus
bovine serum albumin. Plasma alone has been previously shown to provide enough of the 
essential nutrients for Glossina to reproduce. 

Protein and stroma are the major required nutrients in the diets of blood-feeding
arthropods. However, other nutritional factors are known to play a role in meeting dietary
needs. For example, a dialysable factor from haemolvsed blood cells is required by G. p.
palpalis (Kabayo & Taher. 1986). Flies that were fed diets which had been previously
dialysed failed to reproduce and their reproductive systems showed signs of atrophy. Normal 
reproduction was achieved if the dialysable component was returned to the diet. 

The essential dietary components for adults of S. calcitrans and possibly other blood
feeding arthropods comes from two classes of molecules in the blood, protein and stroma. 
The protein component consists of bovine serum albumin and haemoglobin (DeLoach & 
Spates, 1984; Kabayo et al., 1985). Evidence presented here shows the importance of 
membrane components in the diet of S. calcitrans. Before a true holidic diet can be 
developed, the essential components in the ervthrocyte membrane must be determined. 
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THE NATURE OF ERYTHROCYTE STROMA 
LIPID COMPONENTS REQUIRED FOR NORMAL 
REPRODUCTION IN STOMOXYS CALCITRANS 

(DIPTERA: MUSCIDAE) 

"+G. M. KAPATSA+. G. E. SPATES.* C. L. SIEFFIE.LD.* J. P. KABAYOt and J. R. DELOACH 

'U.S.Department of Agriculture. Agricultural Research Service. Veterinary Toxicology and Entomology 
Research 	Laboratory. P.O. Drawer GE. College Station, TX 77841 U.S.A. and tEntomology Unit. Joint 

FAO IAEA Programme Agency's Laboratories. A-2444 Seibersdorf. Austria 

(Receired 6 June 1988 re'ii.od 17 August 1989) 

Abstract-Adult Stoniovi..s cahitran.s require erythrocyte membrane components in their diets for normal 
reproduction. Nutritionally sub-optimal diets consisting of stroma-free. lipid-free haemoglobin and serum 
albumin were greatly improved by supplementation with either er)throcyte ghost preparations or lipid 
mixtures containing cholesterol. sphingomyelin and phosphatidl ethanolamine. The apparent nutritional 
requirement of dietary erythrocyte membrane components by adult Stornoxv,%cah'itrans is discussed in 
terms of the nutritional value of the eryihrocyte membrane lipid components. 

nutrition, stable fliesKei IFord hidx: Lipids. arthropods artilicial diet. 

INTROtIt (TION 

The de,,elopment of s~mi-dcfined, nutritionally' 

adequate. synthetic diets for blood-feeding insects 

(DeLoach and Spiltes. 1984; Kabayo ci al.. 19851 has 
been a significant achiescmcnt in the quest for a full 
understanding of' the nutritional requirements of 
these insects The major components of these 
diets (haemoglobin and albumin) arc heterogeneous 
macromolecules %%hosc chemical composition and 
nutritinal quilii, is dependent on a ..riet,of 
impurities i,%1il%%hich the are co-purified T-he nu-
tritional quaht, of serum albumin !0 tsetse flies has. 
for example. been associated %kith it,bound lipid 
impurities rather than to the albumin protein per R, 
(Kabaso. 1982) 

Analsis of a haenoglobin preparation used in 
synthetic diet mixtures revealed a .anet. of lipid 
contaminants shich are thought to originate from 
erythrocte stroma components (Sheflield et al.. 
1987). Recently. DeLoach ei al. 11986) employed a 
dialysis ultrafiltration system to ijolate large quan-
tities of stroma-free. hpid-free.' haeioglobin; this 
made it for first topossible. the time. investigate 
the nutritional %alue of lipids normally bound to 
haenoglobin constituents of s.nthetic diets. 

The present study was undertaken to examine 
the nature of nutritional importance of erythrocyte 
stroma components in diets for Siomoxv.%caheitran.s. 

%1ATERII.,S ,ANt) lEIIOt)S 

Flie.
 
from a colonyS. calciran.s flies were obtained 

routinely maintained as pretously described (Ivie 

+Dece.sed 
*To sshom correspondence should be addressed 
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1984). For each diet 
tested. three cages of newly emerged flies (6males and 
and Wright. 1978: Bridges et al., 
12 females cage) were used. 

Boine haemoglobin was prepared as described 
by DeLoach and Spates (1984) bovine lipid-free 
haemoglobin %%as prepared using the dialysis and 
ultrafiltration methods described by DeLoach et al 
(19861. Bovine serum albumin, fraction V. sphingo
nlelin from bovine brain. phosphatidyl ethanol
amine. phosphatidylserme. cholesterol and choline 
chloride were obtained from Sigma Chemical Com
pan,. St Louis. MO. Sphingomyelin was 99% pure 
and contained primarily lignoceric acid. phosphatidyl 
ethanolamine and phosphatidyl serine were 98% 
pure. Cholesterol was 99% pure. All phospholipids as 
supplied were originally isolated from bovine tissue. 
Bovine erythrocyte ghosts were prepared from the 
pink ervthrocytes remaining after the extraction of 
haemoglobin by the dialysis and ultrafiltration 
method (Sheffield et al.. 1987). The pink erythrocytes. 
containing less than 2% of their original haemo
globin. were washed 3 times, with 4 vol of hypo
osmotic phosphate-buffered saline (15 mM K-H:PO. 
70mM NaCI. pH 7.2, osmotic pressure 170 mOsm 
kg). and centrifuged (10,000g for 30min) between 
washes. The resulting pellet of white ghosts was 
resuspended in 19 vol of isotonic saline and ghost-cell 
density of the suspension was determined with a 
particle counter (Coulter Electronics. Hialeah. FL). 
Using this rrocedure, the ghost-cell count of the 
suspension was 6-7 10' cells,ml. 

A series of synthetic diets were prepared compris
ing bovine serum albumin (6.5%) and total hacmo

globin (12'.) with different proportions of bovine 
lipid-free haemoglobin and bovine haemoglobin (as 
shown in Table I). 

C.:.e 	 c~ 
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Table I Sursisal and reproduction in Sionroaii .alctramn fed synthetic diets containing different 
proportions of haemoglobin-bound lipids 

Hb-bound 
Diet composition lipid 

oI t in divilled .ater) impurities+ Sursisal Number Hatch 
BHb LFHb BSA ('.1 ('1 eggs female day 0%) 

12 0 65 100 974 - 2.6a 54 5 - 4 7a 870 : 64a
910 2 6 5 83 96 2 - 40a 73.5 _3 4b 4 8 - 09a 

7 5 6 5 58 91 4 - 3"7a 71.4 3.lb 876 - 6.5a 
5 7 6.5 42 9X2 2 Oa 714_.53b 83. 9 -64a 

4 7
2 10 1 5 17 91 2_, , 432- 33c 335-4.lb 
0 12 65 8M Q :4 2a 09 .04d 2 1 + 1.5c 

Data are R - SE in = 211 Data in same column follo'sed b. a common letter are not signfiantly 
different (P < 0.05) 

*Abbresiations Bib bosine haemoglobin. LFHb bosine lipid-free haemoglobin. BSA: bovine 
serum albumin 

tBascd on proportion of lipid-free haemoglobin to lipid-contaminated haemoglobin 

Diets containing different volume equivalents of RESULTS 
erythrocyte ghost cells (shown in Table 2) were 
prepared by resuspending pellets of gho.,t cells A synthetic diet comprising bovine lipid-free 
obtained when the respectie volume of ghost-cell haemoglobin and bovine serum albumin (negative 
suspension was centrifuged (10.000g, 30min). The control diet) does not meet the nutritional require
ghost-cell pellets from different volumes were re- ments for normal reproduction in S. calitrans. 
suspended in a lipid-free synthetic diet (12 bovine Survival is not affected. Substituting a lipid
lipid-free haemoglobin. 6.5% bovine serum albumin contaminated haemoglobin (e.g. bovine haemo
in distilled water). globin) for bovine lipid-fiee haemoglobin constitutes 

Diets in which the lipid-free synthetic mixture was a diet which supports normal egg production and 
supplemented %kith various amounts of different hatching (Table I). Diets Lomprising a mixture of 
phospholipids and cholesterol were prepared as bovine haemoglobin and bovine lipid-free haemo
follows: For each diet. the amounts of phospholipid globin in ,artous ratios support egg production and 
or cholesterol shown (Table 3) were dissolved in hatching tn a manner commensurate with the pro
chloroform-methanol (2:1. v v) and rotor evapo- portion of the bovine haemoglobin component 
rated to drnes in a round bottom flask. 40 ml 6.5%, in such diets. Supplementation of the negative 
bovine serum albumin in distilled water was then control diet with preparations of ghost cells (Table 2) 
added to the flask and the lipids were then suspended restores its nutritional values in a dose-dependent 
b. sonication (probe type sonicator. 100W for fashion. A selection of specific lipids known to 
5-7 min). Haemoglobin (12"o w v) was then added be present in ghost-cell membranes were tested 
and the diet %olume adjusted to 60 ml. The resulting singly or in combination for their capacity to 
suspensions "ere used as the test diets., improve the nutritional quality of the negative 

control diet to which they vkerc added (Table 3).
Feeding tests Sphingomyehn alone supported egg production but 

After preparation. the diets v.ere stored frozen in not egg hatch. Phosphatidyl ethanolamine alone sup
appropriate volume aliquots sufficient for I day's ported egg production but to a lesser degree. Choline 
feeding on each diet regimen. Diets were thawed on as supplied by either choline chloride or sphingo
the day they were to be used. The flies were fed daily myelin supported egg production. Only a combi
on small cotton rolls saturated with the respective nation of cholesterol, a choline source and phos
diet immediatel. before feeding. The survival of the phatidyl ethanolamine supported egg production and 
females, the number of eggs deposited by each female, egg hatch. Addition of another phospholid. phos
and percentage of eggs hatched (between day 6 and phatidyl serine, to the aforementioned combination 
day 12 of female life) were recorded for each diet significantl. improved egg production but not egg 
tested. hatch. 

Table 2. Effect of added erythrocoe ghost-clI components on the nutritional salue of a lipid-reduced 
synihetic diet io Sionii ,aharnuni 

Volume of ghost- Calculated
 
cell suspension concentration 1% s sI Sursisal Number Egg hatch
 

(mlI lipid-contaminated Hb 0 *i eggs female day 0,)
 

0 0 8 71, 09 04a 0a 
7

] 095 74a 52 I lb (a 
4 380 116b 1,7 6-4ik 12.2 8211 

10 9.50 05 21 i5 - 2 Ic 71 2 6(k 
15 14.25 95 41 S4 6 -4 4d h 4 6 2d 
20 19tx) 9h 5b 45 3 - 3 5d 1.2. 6(}d 

Data are R* SE (n = 211 Data in same column followed b, a common leIler are not significantly 
different (P < 0 05) 

'Pellei resulting from centrifugaion of indicated solume of ghot-cell suspension %sa,resuspended 
in lipid-free synthetic diet 12*,. bovtc :p:-Iree haemoglobin. 6 5% bo me serum albumin. %4% 
in distilled %%dierl. 

http:335-4.lb
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Table 3 Effect of lipid addiiies on the nutritional .alue 

Lipid additive, rmg I(Xtmi)
 
Ipid-free v,nthetic diet)" 

Feeding Choline 
lesi SM PE PS CH chloride 

1 0 0 1) 0 It 
2 
3 

41) 
0 7 

) 
0 

0 
i) 0 

4 40 7 0t 25 0 
5 Ni 0 0 25 41) 
6 40 " 4) 25 0 

of a lipid-free ,snthetic diet t.Stiomo.i,ah tran. 

Inect 
sursi'al Number 

Eggs 
hatched 

(0o eggs female da) Oool 
7 
8 1 - 9,2a 
89(92 - 3

7 
a 

763 _ 
4 

,2a 

04 _ 0 2a 

25 3 33b 
10 1 I 6c 

1 
Oa 

-L.ha 
Oa 

932_ 60h 283 3.b ,.2.1 2 5h 
721 33 a 26 8-42b 0t9 09a 
12 1 4 lb 36 1 5.8d 730 -3.O 

'Data ale - SE of 6 feeding tests Data in same column follo ed b.sa common letter are not signiticanil. different 
(P <0051 

tAbbresiations SM ,phingomehn from boome brain. 
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DISCt SSION 

In the present study, we investigated the nutritional 
importance of ghost-cell membrane components as 
the source of lipid contaminants of the haemoglobin 
constituent in synthetic diets. While methods have 
been developed for the delipidation of albumin with-
out denaturing it (e.g. Kabayo. 1982) no delipidation 
method prior to the preparation of lipid-free haemo-
globin (DcLoach et al..1986; Sheffield t al.. 1987) 
could facilitate ealuatton of the nutritional import-
ance of lipid contamtnants in haemoglobin through 
diet-deletion techniques. Addition of liptd-contam-
nated haemoglobin It)bo .ine lipid-free haenoglobin 
while keeping the total protein conc-ntratton con-
stant (Table I)is apparentls equtvalent to the ad-
dition of ghost cell components to bovine lipid-frce 
haemoglobin This iscortfirmed b the results showsn 
in Table 2 where addition of preparaton, of ghost-
cell membranes caused improsements tn the nu-
tritional %alue of bo inc ltpid-frec haemoglobin 
similar to those caused b, addition of bovinc 
haemoglobtn (Table I). Ifone red blood cell contains 
about 14.6 , 1) L g haemoglobin and the ghost-cell 
suspensions used in the present stud. "ere t.picall. 
6.5 10' cells ml. it can be estimated that I ml 
of such ghost cell suspension (Tz. fle 2) vsould 
normal]\ hae been associated with 0.95 g 
(14.6 , I :" 6.5 , 10 hacmoglobin. Thus. the 
results in Tables I and 2 can be compared 

The amounts of the specific liptd additises used in 
the tests (Table 3)",erc similar to the lesels reported 
for these components when [)cLoach ctal. (1986) 
analyzed lipid-contamiatecd haemoglobin prep-
arations such as bovtne haemoglobin. Sphingo-
mvelin. which slightl\ improsed surial in the 
present stud'.. ts a minor class of choline-containing 
phospholiptds wshich has not 'oet been found in an\ 
dipteran (Fast. 1970). Most recentl.. Spates ct a. 
(1988) has show n that stable flies utilize 98'oof the 
ingested sphtngomyelin found in a blood meal. 
CholinL has been shown to be an essential dietar. 
component for man\ insects and is known to serve 
micrometabolic and catalytic functions: it is also a 
lipogenic factor which plays an important structural 
and functional role as a constituent of the phospho-
lipids (choline phosphatidcs) of cell membranes. 

PE phosphatid.l ethanolamine. PS phosphatidl0serine; 

as either choline chloride or sphingomyelin is essen
tial to the flies. Since bovine erythrocytes contain no 
phosphatidvlcholine. and since a diet comprising 
haemoglobin (contaminated with ghost-cell mem
brane components) plus bovine serum albumin is 
nutritionally adequate, we can also deduce that 
choline or its derivatives may be obtained from some 
other dietary lipid, e.g. sphingom~elin. which was 
here shown to improve survival but had no effect on 
fecundity. Ditelar, phospholipids provide saturated 
and un.ia'urated i,,,acid;- The !rprovement of 
adult %,abilit.caused by addition of animal-derived 
phospholipids to larval diets of the mosquito. Cuhx 
pipten..,could also be achieved b,substituting arachi
dontc acid for phospholipids (Dadd and Klcinjan.
1979). Whether the observed improement in survival 
inthe present stud,, ",as effected in thts manner ts vet 
to be determined. However. sphingomyelin used here 
contains approx 80". esterified ligoceric acid and 
20o estcrified stearic acid. It is possible that the 
improved hatch found wtth test No. 4 versus test No. 
5 is due to dhe presence of fatt, acids. 

It is ".ell established that insects are unable to 
syvnthcsizc the sterol nucleous and require dietarN 
sterol shich the\ utilize as structural components 
of" cells and for the synthesis of ecd.soid growth 
regulators (Thompson Ct al.. 19721. In our studies. 
cholesterol with choline alone increased fecundity 
considerably but did not affect egg hatch. Howkever. 
in combination with sphtngomyelin. phosphatidyl
ethanolamtne and phosphatid.lserine both improved 
fecundtt\ and egg hatch. Tsiropoulos (1980) showsed 
that although female olive fruit flies that "~ere de
prised of cholesterol laid a normal number of eggs. 
hatch was considerabl\ reduced. and discosered that 
cholesterol improved hatch only when fed in combi
nation with vitamins, amino acids, and minerals. 
Based on recent studies (Spates et al.. 1988) tn our 
laboratory which showed 28V of ingested cholesterol 
to be utilized tn eggs. we believe cholesterol to be an 
essential dietary constituent. 

The results of this study are significant in as far as 
the w,ork represents a step in current efforts to dissect 
the synthetic diet and to discern the d:etar. require
ments of S. calctrans and other blood-feeding 
arthropods. The ultimate goal is to use the infor
matiOn and conclusions drawn from such work as 

transport lipoproteins and the neurotransmitter a basis for the construction of chemically defined 
acetylcholine (Bridges. 19721. Thus. choline supplied diets. 
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SHEFFIELD. C. L.,SPATES, G. E.,DROLESKEY, R. E., GREEN. R., AND DELOACH, J. R. Prepa
ration ofLipid-Free Human Hemoglobin by Dialysis and Ultrafiltration. Biotechnol. Appl. Bio
chem. 9, 230-238 (1987). 

Dialysis ofhuman red blood cells using a hypotonic solution and a commercial kidney dialysis 
unit followed by ultrafiltration through 0.1 um pore hollow fibers provides an easily managed
method for isolation of lipid-free hemoglobin. High pressure liquid chromatography analysis 
of lipid-free hemoglobin (LFHB) indicates 99-1007, protein purity. Sodium dodecyl sulfate
polyacrlamide gel electrophoresis analysis demonstrated that LFHB migrates as a single band. 
The process requires hypoosmotic dialysis ofhuman RBC to a final 119-139 (av 132) mosmol/
kg osmotic pressure. Additional reduction in osmotic pressure results in irreversible cell lysis 
which results in lipid contamination of the hemoglobin. Processing one-half liter of packed red 
blood cells requires 10 I,resulting in an average of 907 hemoglobin recovery. c 1987Academic
 
Pres . Inc 

Hemoglobin is the major protein constituent of red blood cells and accounts for 
over 95% of the total soluble protein of the cell. Isolation of hemoglobin from red 
blood cells involves a simple procedure of hemolyzing the red blood cells followed 
by centrifugation to remove membrane stroma. Hemolysis results in a hemoglobin
solution that is more than 907c pure ( I). In some cases, organic solvents such as tolu
ene have been used as hemolytic agents (2). However, such treatment can denature 
the hemoglobin (I). 

Although stroma-free hemoglobin (SFHb)2 has been evaluated as a blood substi
tute (3,4), there exists no methodology to prepare large quantities ofSFHb. Crystalli
zation from a high concentration of phosphate solution requires several days and
gives an average of 3%methemoglobin (5). Cheung eial.recently reported the prepa
ration ofSFHb by a DEAE-cellulose absorption technique (6). Rabiner el a,. (7)used 
a 0.22 Mm membrane to filter hemoglobin preparations and reported that prepara
tions were stroma-free as evidenced solely on the lack ofcoagulant activity. However. 
lipid analysis was not conducted to determine the presence or absence of stroma. 

Mention of a trade name. proprietary product, or specific equipment does not constitute a guarantee 
or warranty by the U.S. Department of Agriculture and does not impl) its approval to the exclusion of 
other products that may be suitable. 

2Abbreviations used: SFHb. stroma-free hemoglobin; DIC. disseminated intravascular coagulation;
Hct. hematocnt: LFlIb. lipid-free hemoglobin; PL. phospholipid SDS-PAGE. sodium dodecyl sulfate
polvacrylamide gel electrophoresis: SEM, scanning electron microscop.. 
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Lack ofcoagulation activity was the only criterion used to determine the absence of 
lipids. This criterion is not conclusive because it has been shown that disseminated 
intravascular coagulation (DIC) attributed to stroma contaminants in hemoglobin 
preparations is not necessarily due to lipid contamination. 

Rosenberry et al. (8) have approached the isolation of the other products from red 
blood cells, i.e., erythrocyte ghosts, by a high volume molecular filtration technique. 
Their process is dependent upon passage through a series of submicron filters 
(100,000 Da). The process requires 2 h and is limited to very dilute suspensions of red 
blood cells [hematocrit (Fict) < 5%]. As pointed out by those authors, when protein 
concentration increases, flow rate decreases and leads to clogging of the filters. Al
though the methodology described by those authors is a reasonable approach for iso
lation of hemoglobin, it is calculated that from 30 ml of washed packed cells only 
about 10 g of hemoglobin can be processed in several hours. 

The term lipid-free hemoglobin (LFHb) is preferred to SFHb to clearly distinguish 
that hemoglobin prepared in the manner described in this paper is essentially free of 
membrane lipid. Moreover, the term SFHb has been used to describe some hemoglo
bin preparations which indeed contain membrane lipids. The principle of the process 
described here has drawn heavily on the techniques employed in work with dialysis 
encapsulation for preparation of carrier erythrocytes (9-15) and with hollow-fiber 
dialysis of erythrocytes (1 6). The most important feature of the process is the con
trolled dialysis of red blood cells to prevent severe osmotic shock to the cells which 
results in the complete rupture of the red blood cell membrane and subsequent con
tamination. Hemoglobin prepared by controlled dialysis and ultrafiltration is almost 
devoid of lipid and is 99% pure by electrophoretic and HPLC analyses. 

METHODS AND MATERIALS 

Human blood was obtained from patients with polycythemia vera or hemochro
matosis who require periodic bleeding as part of their treatment. It was collected using 
63 ml of anticoagulan (citrate phosphate, dextrose, adenine solution) for every 450 
ml of blood. Red blood cells were isolated from whole blood by centrifugation at 
10OOg and then washed 3 times in 3 vol of Buffer F(120 mM NaC, 10 mM glucose, 
2 mm MgCl2 , 52 mM KH'PO4 , 18 mM K2HPO 4). Washed packed cells were adjusted 
to a 60% (Hct) with Buffer F. 

The apparatus used in this procedure consists ofa 1-m2 commercial kidney dialysis 
hollow-fiber cartridge (Travenol, Oak Park, IL), three 0. 1 tm pore hollow-fiber units 
(0 X 106 molecular weight cutoff, Amicon Corp., Danvers, MD), in the same config
uration previously described by DeLoach el al. (17). Red blood cells were then dia
lyzed against 10 liters of 50 mosmol/kg, pH 7.4. dialysis buffer (5.7 mM K2HPO,. 
2.3 mM KH 2PO 4, 2 mM MgCI2 ) with a I-m 2 kidney dialysis hollow-fiber cartridge 
(Travenol) until an average osmotic pressure of 132 osmol/kg was reached. Flow rates 
of the cells and dialysis buffer were 200 and 450 ml/min, respectively. The dialyzed 
red blood cells were then processed through three 0.1 pm pore hollow-fiber units (I 
X 106 molecular weight cutoff, Amicon Corp.). The combined surface area of the 
three ultrafiltration cartridges was 0.09 M2. During ultrafiltration, dialyzed red blood 
cells were maintained at a constant volume by replenishing lost volume with a phos
phate buffer of the same osmotic pressure as the red blood cells (5 mM KH 2PO4 , 
16 mm K2HPO 4 , 34 mm NaCI, iO mM glucose, 2 mM MgCI2). Osmolarity of the 
replenishing buffer was adjusted by modifying the amount ofNaCI used in the buffer 
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solution. During ultrafiltration, the flow rate was 200 ml/min and the column pres
sure was 10-12 psi. All tubing and connectcrs used were hemo-compatible. The ultrafiltrate was dialyzed against distilled water, lyophilized, and stored at room tempera
ture away from moisture. 

For comparison, human hemoglobin was also prepared by a hypotonic dilution
technique. Washed packed cells were hemolyzed by diltPting to 132 mosmol/kg withice-cold distilled water. One portion ofthe hemolysate was centrifuged at 10,000g for
30 min, a second portion was filtered through a 0.2 um pore nylon filter, and the
third portion was left untreated. Then all hemolysate preparations were lyophilizedand stored at room temperature away from moisture. These preparations were made
only for comparison with the LFHb in the following lipid analyses.

Three hundred milligrams of each lyophilized hemoglobin was resuspended in 8ml of distilled water. The resuspended hemoglobin was slowly added to 13.3 ml of
methanol, in a 100 ml beaker, while stirring with a magnetic stir bar. This hemoglobin-methanol mixture was stirred for 30 min. After stirring for 30 min, 27.7 ml ofchloroform was slowly added to the methanol-blood mixture and stirred for 2 h.
This mixture was then filtered through a coarre porosity sintered glass funnel. Thehemoglobin pellet was then homogenized for I min in a DuVall tissue homogenizer
equipped with a motor driven Teflon pestle. The homogenate was filtered through a coarse porosity sintered glass funnel. The combined filtrates were collected in a 250mi boiling flask and taken to near dryness on a Buchii rotoevaporator at (30°C). Theresidue was remcved from the flask with five consecutive rinses of CHCI3:MEOH
(19:5, v/v) and then filtered through a fine porosity sintered glass funnel. The filtrate was reduced to very near dryness and the residue was dissolved in freshly made 
CHCI3:MEOH (2:1, v/v), then washed with 0.2 vol of 0.1 M KCI according to themethod of Folch (18). The clear chloroform layer was reduced to near dryness forTLC analysis. Lipids were then dissolved in 200 pl of CHCI3 :MEOH (19:1, v/v) and 
streaked on TLC plates. 

All solvents used, except diethylether and acetic acid were glass distilled and werepurged with argon before use. TLC plates used were coated with silica gel 60 (E
Merck, Rahway, NJ). Lipids were separated into classes by developing the TLC platein a glass tank containing 200 ml of hexane:diethylether:acetic acid (60:40:2, v/v/v).Bands were visualized first with 2-7-dichlorofluorescein and then with iodine vapor.
Phospholipids (PL) which remained at the origin were extracted from the silica gel

with a mixture of methanol:chloroform (2:1, v/v) followed by extraction with chloroform:methanol (2:1, v/v). The phospholipid extract was streaked onto a TLC plate
and developed in a tank containing 200 ml of a chloroform:methanol:ethanol:acetic 
acid:water (65:25:25:5:4, v/v/v/v/v) mixture. Migration of lipid standards of known
composition was used to identify lipid unknowns. Also ninhydrin spray was used to
check for phosphatidylserine and phosphatidylehanolamine.

After the PL bands were outlined and the iodine had evaporated from the plates,
each band was scraped directly into a 15-ml glass test tube. Adjacent areas of silica
corresponding in size and position to the area containing PL were also scraped intotest tubes. The silica gel was extracted three times with 2 ml of a mixture of methanol:
chloroform (2:1, v/v). The combined extracts were evaporated to dryness and theresidues were dissolved in 7 ml of a mixture of chloroform:methanol (19:1, v/v).Aliquots were then analyzed for phosphorus according to the procedures of Duck-
Chong (20). 
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Cholesterol samples were analyzed with aTracor MT 220 GLC equipped with dual 
FID and 3%(w/w) OV-17 on a chrom Q (100/120 mesh) column (Supelco, Inc.). 
Operating conditions were: column temperature, isother..,d at 250"C; inlet and de
tector temperatures at 275 and 300"C, respectively; H, and air flow to the detector, 
40 and 120 ml/min, respectively; and nitrogen carrier gas at 40 ml/min, for both. 
Cholesterol in samples was quantitated by comparison of the peak areas with those 
of known amounts of cholesterol, as computed by a Hewlett-Packard Model 3390A 
integrator, interphased with the GLC. 

LFHb preparations were subjected to SDS-PAGE (21). A 4%stacking gel with a 
12.5% running gel was used. Ten microliters of LFHb in sample buffer was loaded in 
each well on a mini-vertical slab gel apparatus (Bio-Rad, Richmond, CA) at 15 mA 
constant current for approximately I h.After electrophoresis, the gel was stained with 
Coomassie blue stain. 

HPLC analysis was conducted on the LFHb with an instrumelit equipped with a 
variable wavelength spectrophotometric detector (LCD/Miltoi Roy HPLC, Riveria 
Beach, FL) at 280 nm. A Waters Protein-Pak DEAE 5PW :olumn (7.5 X 75 mm) 
was used. Protein (10 pl injection) was eluted with a linear NaCI gradient (20 mM 
Tris, pH 9.2; 0-500 mM NaCI). Spectrophotometric analysis of LFHb samples was 
conducted from 400 to 600 nm. 

The morphology, size, rumber, and hemoglobin concentration in the red blood 
cells were monitored throughout the preparative proczdare. Cell size, number, and 
hemoglobin concentration were determined with a Coulter counter equipped with a 
channel analyzer and a Hemoglobinometer (Coulter Electronics, Hialeah, FL). 

For scanning electron microscopy (SEM), cells (0.1 m1) were added to 10 ml of 
0.5-1.0% glutaraldehyde prepared in a similar osmotic pressure phosphate buffer. 
Cells were allowed to fix for I h with constar itation at room temperature. After 
fixation, cells were washed once i;i buffer and tw;ce in distilled water and then were 
dehydrated in 50% ethanol. Cells were then resuspended in 75% ethanol. A drop of 
this was then transferred to a mounted coverslip. Cells were allowed to air dry and 
then were coated with gold. 

RESULTS 

Dialysis ofthe human red blood cells to an average predetermined osmotic pressure 
of 132 mosmol/kg (Q,13) allowed the red blood cell membranes to become permeable 
to hemoglobin without rupture of the membrane. Collection, packing, and washing 
required 4 h for 3 lite's of whole blood. Dialysis requires only 5-20 min with a I-m2 

hollow-fiber dialysis unit and ultrafiltration requires 10-14 h for 500 ml of packed 
cells. Dialysis cartridges are used once and discarded. A 10-liter dialysis buffer reser
voir can be used to process 1-3 liters of packed cells. Ultrafiltration requires alonger 
processing time because the protein must pass through the 0.1 Um pore in the hollow 
fibers. Processing time can be reduced if a larger,surface area ultrafiltration cartridge 
is used. As dialyzed cells are recycled through the hollow fibers, volume is replenished 
by the use of a closed vessel filled with a pH 7.4 phosphate buffer (5mM KH 2PO4. 
16 mM K2HPO4, 10 mm glucose, 2 mM MgCI 2); NaC! concentration was varied to 
adjust the molarity of buffer to match that ofthe dialyzed cells. 

The data in Table I are the summation of LFHb isolation from three different 
preparations. In general, 500-600 ml of washed, packed cells can be processed in 9
12 h. Yield of LFHb from the ultrafiltration process averages 90%. Actual recovery 
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TABLE I
 
Lipid-Free Hemoglobin Isolation
 

Volume ofpacked

red blood cells Starting b4 Uhriltration 
 LFIB recovered 

("I0 g) time (I:) (g) %rieldh 

420 182 11 169.0 92.0650 183 9 163.0 90.0420 152 I1 135.0 89.0 

a Hemoglobin.

h%yield iscalculated as [amount LFHb recovered + (LFHb + Hb remaining in processed cells)] x 100.
 

%yield does not take into account loss ofcells due to handling or dead volume in apparatus. 

of LFHb may be slightly lower due to loss of cells in handling and because of deadvolume in the dialysis and ultrafiltration apparatus. The hematological parameters
of red blood cells are recorded in Table 11. 

SEM photomicrographs of normal, dialyzed and processed cells reveal several interesting features (Fig. 1). Human red blood cells appear as normal biconcave discocytes (Fig. IA), whereas dialyzed cells appear as uniformly swollen cells (Fig. IB).Dialyzed cells, unlike red blood cell ghosts, contain normal amounts of hemoglobin
and although they are porous, the holes in the membrane are not visible. Randomprotrusions are observable on some of the dialyzed cells. Once hemoglobin is re
moved by ultrafiltration, the cells appear mainly as empty ghosts (Fig. IC). If redblood cells are hemolyzed by direct dilution, cells appear mainly as amorphous
stroma (Fig. ID). It is this form of stroma that can contaminate the hemoglobin

preparation.
 

For comparison and emphasis on the importance of dialysis on the nature of the
isolated hemoglobin, red blood cells were 
hemolyzed by dilution in distilled waterand analyzed for the presence of lipids. Phospholipid and neutral lipids were recov
ered from all hemoglobins prepared by methods other than dialysis-ultrafiltration.
The control (lysed red blood cells) contained varying amounts of the individual phos
pholipids and 656.1 ug of cholesterol. The hemoglobin isolated using the dialysisultrafiltration method showed that all samples were essentially free of phospholipids
and r."utral lipids (Tables III and IV); thus it can be called LFHb.

Such LFHb migrates as a single band on SDS-PAGE (data not shown). HPLCanalysis of LFHb yields one major peak with a retention time of 16.34 min.A minorprotein peak (probably carbonic anhydrase) followed the elution of LFHb. Integra-

TABLE II 

Hematological Parameters' 

Isolation stage g Hb/)O0 ml Vol (FI) 

Washed red blood cells 24.3 70.0Dialyzed cells 24.0 68.7Processed cells 3.7 28.3 
aAverage of3runs. Hb = Hemoglobin. 
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FIG. 1.Scanning electron micrographs of red blood cells. (A) Nor-mal washed human RBC; (B)dialyzed
RBC: (C)RBC ghosts; (D) stroma from RBC. Aand B,x2400: Cand D,X3770. 

tion of peak areas yields a 99.7% pure hemoglobin sample (Fig. 2). Spectrophotomet
nic analysis between 400 and 600 nm was characteristic of oxyhemoglobin (data 
not shown). 

DISCUSSION 

The dialysis-ultrafiltration process outlined here results in the preparation of large
volumes of ultrapure lipid-free hemoglobin. The process is extremely dependent on 
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TABLE III
 

Phospholipid Content of Human Hemoglobin Preparations
 

Method ofsainplepreparation 

Direct lysis and Direct lh'sis and Dialysis and 
Phospholipid Control 0.2 um filtration centrifigation ultrafiltration 

SM, 13.59 14.10 h 3.26 O.O 
PC 39.70 <0.125 1.45 0.0 
PS 14.65 0.000 0.00 0.0 
P1 1.57 0.000 0.00 0.0 
PE 22.01 0.000 0.00 0.0 
PG 5.43 0.000 0.00 0.0 
PA 3.29 0.000 0.00 0.0 
CL 2.90 0.000 0.00 0.0 

a SM = sphingomyelin, PS = phosphatidylserine, PC = phosphatidylcholine, PE = phosphatidylethano

lamine, PI = phosphaditylinositol, PG = phosphatidylglycerol, PA = phosphatidic acid, CL = cardiolipin.
b Data are expressed as pg P, (inorganic phosphorus)/300 mg ofsample. 
c Sensitivity of phosphorus assay > 0.125 pg P,. 

the way in which the osmotic pressure of the cells is reduced. Reduction of the os
motic pressure of the red blood cells is achieved by controlled hollow-fiber dialysis 
(16). Red blood cells swell and become permeable to hemoglobin without appreciable 
cellular lysis. Thus, in the ultrafiltration step, only hemoglobin diffuses through the 
0.1 tum pores. If osmotic pressure is reduced by direct dilution in water followed by
ultrafiltration, significant lipid contamination is observed. Consequently, advantage 
is taken of the fact that under controlled dialysis conditions human red blood cells 
do not appreciably lyse. 

The process described here yields a hemoglobin preparation of greater than 99.7% 
protein purity as evidenced by HPLC analysis. Additionally, the LFHb migrates as a 

TABLE IV 

Neutral Lipid Content of Human Hemoglobin Preparations 

Method ofsample preparation 

Direct lysis and Direct lysis and Dialysis and 
Lipid 0.2 pm filtration centrifugation ultrafiltration 

Monoglycerides 0.00 0.00 0.00 
Cholesterol 2.80' 24.10 1.80 
Diglycerides 0.00 0.00 0.00 
Free fatty acids Trace' 0.00 0.00 
Fatty acid methyl esters 0.00 0.00 0.00 
Triglycerides 0.00 0.00 0.00 
Cholesteryl esters 0.00 0.00 0.00 

' Data are expressed in micrograms/300 mg of sample. and were confirmed by GLC analysis; sensitivity 
is < 100 ng of individual fatty acid and < 125 ng cholesterol. 

'TtRis material could be visualized on the TLC plate using 2,7-dichlorofluorescein and iodine vapor but 
was below the sensitivity level of the GLC analysis, when separated into individual components. 
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FIG. 2.Human hemoglobin HPLC analysis. 

single band on SDS-PAGE. The minor protein contaminant which appears on the
DEAE column may be carbonic anhydrase. Although the term SFHb had been ap
plied to different hemoglobin preparations (3, 7), the only evidence for this claim is 
the lack of an effect on blood coagulation in animals which previously received the
hemoglobin preparations. Hemoglobin prepared by dialysis and ultrafiltration con
tained less than 0.125 pg of P, whereas hemoglobin prepared by either direct lysis
method contained measurable quantities of P, migrating with known lipids such as
SM and PC. Thus the dialysis and ultrafiltration method is far superior to existing
methodologies, based on phospholipid analysis. In addition, neutral lipid analysis
revealed appreciable amounts of cholesterol in the direct lysis and centnfugation
method. However, only minute quantities ofcholesterol were detectable in the hemo
globin prepared by the direct lysis and filtering method or the dialysis and ultrafiltra
tion method. The hemoglobin prepared by direct lysis and filtration contained trace
quantities of free fatty acids. Thus, the lipid-free hemoglobin described in this paper
contained no detectable quantities of phospholipids, fatty acids, or neutral lipids ex
cept for a minute quantity ofcholesterol. De Venuto el al.(5) presented a crystalliza
tion method for SFHb in which no coagulant activity was found, but no lipid analysis 
was conducted. Others claim that toluene precipitation may lead to irreversible bind
ing of toluene to the hemoglobin (1).

Rosenberry ei al. (8) reported the use of a filtration technique, but their process
required very dilute red blood cell solutions (5% Hct) in order to prevent clogging of
the filters. No clogging of hollow fibers was observed with our technique. A consider
able improvement in the time required for ultrafiltration is possible if the surface area 
of the ultrafiltration hollow fibers is increased by using larger cartridges. This processwould likely be appropriate for hemoglobin from any mammalian species in which
dialysis can be used to open the membrane without cell lysis. For example, dialysis
has been used to prepare red blood cells to entrap or encapsulate a variety of exoge
nous agents without complete rupture of the membrane. Research from this labora
tory indicates that human, canine, bovine, ovine, caprine, equine, and muine red 
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blood cells are sufficiently stable to undergo dialysis (12, 22, 23). However, it is un
likely that the osmotic pressure appropriate for human cells ( 119-139 mosmol/kg)
will be suitable for the red blood cells of other species. It will probably be necessary 
to use an osmotic pressure close to that which issuitable for the entrapment of exoge
nous agents (12).

There are several potential applications for LFHb. First. LFHb used for entrap
ment in liposomes would be more desirable ifno contaminating lipids were available 
for insertion into the lipid vesicles (24). LFHb has potential usefulness in the develop
ment of artificial blood diets for blood-feeding arthropods (25-27). This material 
would be useful for studying the effects of allosteric effectors as well as various toxins 
and pharmacological agents on the oxygen binding affinity of hemoglobin. 
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ABSTRACT
 

Dialysis of human, bovineand ovine red blood cells using a
 

hypotonic solution and a commercial kidney dialysis unit,
 

followed by ultrafiltration through O.lpm pore hollow-fibers
 

provides an easily managed method for isolation of lipid-free
 

hemoglobin (LFHB). 
 High performance liquid chromatography (HPLC)
 

analysis of hemoglobin indicated 99% protein purity. 
SDS poly

acrylamide gel electrophoresis analysis demonstrated that LFIB
 

migrates as a single band. Processing one-half liter of packed
 

red blood cells requires approximately 10 hours and resulting in
 

an average of 93% hemoglobin recovery.
 

INTRODUCTION
 

Hemoglobin accounts for more 
than 95% of the soluble protein
 

in red blood cells and is one of the most important proteins
 

found in mammals. Its main biological function is the transport
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of respiratory gases within the tissues of the body. 
A
 
substantial 
amount of research has been done on hemoglobin
 

(1-7]. One area of hemoglobin research that has 
received
 
substantial attention is 
the evaluation of hemoglobin as a
 

possible blood substitute [3-8]. A major obstacle in this
 
research is the 
lack of a simple, inexpensive and fast method of
 

preparing large quantities of ultrapure hemoglobin suitable for
 

use as a blood substitute.
 

Currently hemoglobin isolation is performed using one of the
 
following techniques. Riggs [6] suggests lysing the red blood
 

cells with water and removing membrane stroma by centrifugation.
 
De Venuto et al. [7] proposes hemolysis with water and toluene,
 

low speed centrifugation, and crystallization using a 2.8M sodium
 

phosphate buffer. 
However, such treatment with organic solvents
 
sometimes denatures the hemoglobin [9]. Cheung et al. [8]
 
prepares stroma-free hemoglobin by selective DEAE-cellulose
 

absorption. 
This method still involves hemolysis of the red
 
blood cell membrane which can result in lipid contamination of
 

the hemoglobin.
 

This paper describes a technique for the rapid large scale
 
isolation of ultrapure essentially lipid-free hemoglobin (LFHb)
 
from several mammalian species. 
 The most important feature of
 

the process is the controlled dialysis of red blood cells. 
 This
 
process is similar to the techniques employed in work with
 

dialysis encapsulation for the preparation of carrier
 

erythrocytes [10-13). Controlled dialysis prevents severe
 
osmotic shock which results in the rupture of the red blood cell
 

membrane and subsequent contamination [14,15].
 

This technique results in the 
isolation of a hemoglobin
 
product that (1) migrates as a single band on SDS-PAGE, (2) is
 
99% pure by HPLC analysis, and (3) shows essentially no lipid
 

contamination upon analysis. 
An average hemoglobin recovery of
 
93% can be obtained with an ultrafiltration processing time of
 

approximately 10 hours.
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HATERIAIS AND HETHODS
 

Preparation of Lipid-free Hemoglobin
 

Human blood was obtained from Dr. Ralph Green of the
 

Cleveland Clinic Foundation, Cleveland Ohio. Bovine and ovine
 

blood were collected in 2-liter evacuated containers, using
 

hoparine (Sigma, St. Louis, Mo) as the anticoagulant (0.1mg/ml).
 

Red blood cells were isolated from whole blood by centrifugation
 

at 1000 g and then washed 3-5 times in 3 volumes of either phos

phate buffer solution (PBS- 120 mM NaCl, 10 mM glucose, 2mM
 

MgCl2 , 70 mM potassium phosphate, pH 7.2) or 0.9% NaCl solu

tion. Washed packed cells were adjusted to a 60% (Hct) with PBS
 

or 0.9% NaCl. The apparatus used in this procedure was described
 

in our previous publications [14,15]. Red blood cells were
 

dialyzed at 4"C against 10-18 liters of dialysis buffer (50
 

mOsm/Kg, pH 7.4 or 100 mOsm/Kg, pH 7.4) with a 1 m2 kidney
 

dialysis hollow-fiber cartridge (Travenol, Oak Park, IL).
 

Dialysis continued until an average osmotic pressure of 132
 

Osm/Kg (human), 170 Osm/Kg (bovine), or 204 Osm/Kg (ovine) was
 

reached. Flow rates of the cells and dialysis buffer were 200
 

and 450 ml/min, respectively. The dialyzed red blood cells were
 

then processed at 4"C through three 0.1 pm pore hollow-fiber
 

units (1 X 106 molecular weight cut off, Amicon, Danvers, MA.)
 

The combined surface area of the three ultrafiltration cartridges
 
2
 was 0.09 m . During ultrafiltration, dialyzed red blood cells
 

were maintained at a constant volume by replenishing lost volume
 

with a phosphate buffer (21 mM potassium phosphate, pH 7.2, 10 mM
 

glucose, 2mM MgCl2 ) of the same osmotic pressure as the red
 

blood cells. Osmotic pressure of the replenishing buffer was
 

adjusted by varying the amount of NaCi used in the buffer
 

solution. During ultrafiltration, the flow rate of the cells was
 

200 ml/min and 10-12 psi column pressure. All tubing and connec

tors used were hemo-compatible. The ultrafiltrate was lyophilized
 

and stored at room temperature away from moisture.
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For comparison, hemoglobin was also prepared by a hypotonic
 
dilution techniqi.e. 
 Washed packed cells were hemolyzed by dilu
ting 1:4 with ice cold distilled water. One portion of the hemo

lysate was centrifuged at 
10,000 g for 30 min, a second portion
 
was centrifuged at 10,000 g for 30 min and then filtered through
 
a 0.2 micron pore nylon filter, and the third portion was 
left un
treated. 
 Then all hemolysate preparations were lyophilized and
 
stored at room temperature away from moisture. 
These prepara
tions were made only for comparison with the LFHb in the fol

lowing lipid analyses.
 

Lioid Analysis
 

A sample of each lyophilized hemoglobin was resuspended in 2
 
ml of distilled water at 10-12 g%. 
 Round bottom flasks (100 ml)
 
containing hemoglobin were placed in an ice bath and 20 ml of ice
 
cold methanol were slowly added while stirring with a magnetic
 
stir bar. The contents of the flask were 
filtered through
 
silanized glass wool. 
 The filtrate was collected in a 100 ml
 
flask and immediately roto-evaporated to dryness. 
A small amount
 
of benzene and ethanol was added to the 
 flask to prevent bumping 
and to remove final 
traces of water. 
The dried lipid was then
 
dissolved in 5 ml of chloroform:methanol (19:1, v/v). 
 Extraction
 
of the lipid from the flask was repeated three times. Each rinse
 
solution was then filtered through medium porosity (10-15 pm)
 
sintered glass filter. 
The filtrate was reduced to 
dryness under 
argon gas. Samples were then subjected to a Folch wash [16], and 
concentrated for TLC and other analysis Spates [17]. 

For subsequent analysis of lipids, all solvents except 
diethylether and acetic acid were glass distilled and all 
solvents were purged with argon before use. 
 Finally, all
 
procedures were carried out under an argon atmosphere. TLC
 
plates used were coated with Silica gel 60, (E Merck, Rahway,
 
NJ). 
 To separate lipids into classes, a hexane:diethylether
 

:acetic acid (60:40:2, v/v/v) solvent system was used. Lipids
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were visualized by iodine vapor. Phospholipids (PL) which
 

remained at the origin were further chromatographed by developing
 

the plate in the same 
direction with a cholorform:methanol
 

:ethanol:acetic acid:water (65:25: 25:5:4, v/v/v/v/v) solvent
 
system. 
Migration of lipid standards of known composition was
 

used to identify lipid unknowns.
 

After the PL bands were outlined and the iodine had evapor

ated from the plates, each band was scraped directly into a 15-ml
 

glass 
test tube. Adjacent areas of silica corresponding in size
 
and position to the area containing PL were also scraped into
 

test tubes. The silica gel was extracted three times with 2 ml
 
of a mixture of methanol-chloroform (2:1, v/v). The combined
 

extracts were evaporated to dryness and the residues were 
dis

solved in 7 ml of a mixture of chloroform-methanol (19:1, v/v).
 

Aliquots were then analyzed for phosphorus according to proce

dures of Duck-Chong [18].
 

Cholesterol samples were analyzed with a Tracor MT 220 GLC
 

equipped with dual FID and 3% (w/w) OV-17 on chrom Q (100/120
 

mesh) column (Supelco, Inc., Bellefonte, PA). Operating
 

conditions were: column temperature, isothermal at 250°C: inlet
 
and detector temperatures at 275"C and 300*C, respectively; H2
 
and air flow to 
the detector, 40 and 120 ml/min, respectively;
 

and nitrogen carrier gas at 40 ml/min, for both. 
 Cholesterol was
 

quantitated by comparison of the peak areas with those of known
 

amounts of cholesterol, as computed by a Hewlett Packard model
 
3390A integrator, interfaced with the GLC.
 

As a further check for the presence of lipid, 100 jug of
 

hemoglobin from each sample was 
subjected to methanol-NaOH
 

hydrolysis according to the method of Kates [19]. 
 Saponifiable
 
and non-saponifiable lipids were analyzed on a Shimadzu capillary
 

gas chromatograph model GC-9A (Kyoto,Japan).
 

Electrophoretic and HPLC analysis
 

LFHb preparations were subjected to SDS-PAGE Leammli 
(20]. A
 
4% stacking gel with a 12.5% running gel was used. 
Each well was
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loaded with 10 p1 
of LFHb in sample buffer and run on a mini
vertical slab gel apparatus (Bio-Rad, Richmond, CA) at 15 
mA cons
tant current for approximately 1 h. 
After electrophoresis, the
 
gel 
was stained with Coomassie Brilliant Blue.
 

HPLC analysis was conducted on the LFHb with an 
instrument
 
equipped with a variable wavelength spectrophotometric 
detector
 
(LCD/Milton Roy, Riviera Beach, FL) at 280 nm. 
 .Waters Protein.
 
Pak DEAE 5PW column (7.5 X 75 mm) was used. 
Protein (10 pi/in
jection) was eluted with a linear NaCl gradient (20 mM Tris, pH
 
9.2; 0-500 mM NaCI). Absorbance spectrum of LFHb samples was
 

conducted between 400 
- 600 nm.
 

Hematologeical Analysis
 

The morphology, size, number, and hemoglobin concentration in
 
the red blood cells were monitored throughout the preparative
 
procedure. 
Cell size and number were determined using a Coulter
 
Counter equipped with a channel analyzer. Hemoglobin concentra
tion was determined using a Coulter Hemoglobinometer (Coulter
 

Electronics, Hialeah, FL).
 

Scanning Electron Microscopy
 

For scanning electron microscopy (SEM) cells (0.1 ml) were
 
added to 
10 ml of 0.5-1.0% glutaraldehyde prepared in 
a similar
 
osmotic pressure phosphate buffer. Cells were 
allowed to fix for
 
I h with constant agitation at room temperature. 
After fixation,
 
cells were washed once 
in buffer, twice in distilled water, then
 
dehydrated in 50% 
ethanol. Cells 
were then resuspended in 75%
 
ethanol. A drop of this 
was then transferred to a mounted cover
slip. Cells were allowed to air dry, then coated with gold.
 

RESULTS
 

Collection, packing, and washing required 4 h for 3 liters of
 
whole blood. 
 Dialysis of the mammalian red blood cells to an
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TABLE I
 
Lipid-free Hemoglobin Isolation
 

Vol. of packed Total Ultrafiltration LFHb 
red blood cells Hb& Time recovered Yieldb 

(ml) (g) (h) (g) (%) 
Bovine 

551 112 5 107 95
 
Human
 

497 172 10 156 
 90
 
Ovine
 

643 136 15 131 94
 
OTotal Hb - (LFHb + Hb remaining in processed culls)
 
b1%yield is corrected for the loss of cells due to
 

handling or dead volume in apparatus.
 
Data are the mean of three isolations for each species.
 

average predetermined osmotic pressure of 132-204 mOsm/Kg allowed
 

the red blood cells membrane to become permeable to hemoglobin
 

without rupture of the membrane [13-15]. Dialysis required only
 

2
5-20 minutes with a 1 m hollow fiber dialysis unit and
 

ultrafiltration required 6-14 h for 500 ml of packed cells.
 

Kidney dialysis cartridges were used once and discarded. An 11
 

liter dialysis buffer reservoir can be used to process 1-3 liters
 

of packed cells. Ultrafiltration required a longer processing
 

time because the protein must pass through the 0.1 p pore in the
 

hollow fibers. Ultrafiltration time can be reduced if a larger
 

surface area ultrafiltratic:, cartridge is used. As dialyzed
 

cells we;'e recycled through the hollow fibers, volume was
 

replenished by the use of a closed vessel filled with
 

replenishing buffer of the same osmolarity as the cells.
 

Average LFHb isolation values from each of the species are
 

summarized in Table I. in general, three liters of whole blood
 

can be completely processed in 15-20 h. Yield of IffHb from the
 

ultrafiltration process averaged 93%. Actual recovery may be
 

slightly lower due to loss of cells in handling and because of
 

dead volume in the dialysis and ultrafiltration apparatus. The
 

hematological values for the red blood cells are recorded in
 

Table II.
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TABLE II
 
Hematolo¢ical Parameters
 

Species & 
 Isolation Stages

Parameter 
 Washed RBC Dialyzed Cells Processed Cells
 
Bovine
 

Hb (ng/cell) 1.54 
 1.5 

Volume (fl) 47.1 

0.1
 
58.0 
 27.5
 

Human
 
Hb (ng/cell) .4 b
2 2.4 
 0.4

Volume (fl) 70.0 
 68.7 
 28.3
 

Ovine
 
Hb (ng/cell) .2b
1 1.0 

1olume (fl) 32.8 

0.2
 
39.8 
 17.0
 

'Data are 
the mean of four experiments.

bData are 
the mean of three experiments.
 
fl - Femtoliter, ng - Nanograms
 

Scanning Electron photomicrographs of normal, dialyzed and
 
processed cells, from each species revealed several 
interesting
 
features (Fig. 1-3). 
 Washed red blood cells appeared as normal
 
biconcave diskocytes (Fig. 1), 
whereas dialyzed cells appeared as
 
uniformly swollen cells 
(Fig. 2). Dialyzed cel]s, unlike red
 
blood cell ghosts, contain normal amounts of hemoglobin and
 
although they are porous, the holes in the membrane are not
 
visible. Random protrusions were observable on somc 
of the
 
dialyzed cells. 
 Once hemoglobin is removed by ultrafiltration,
 

the cells appeared mainly as empty ghosts (Fig. 3a-c). 
 If red
 
blood cells are hemolyzed by direct dilution, cells appeared
 
mainly as amorphous stroma (Fig. 3d). 
 It is this form of stroma
 
that can contaminate the hemoglobin preparation.
 

For comparison and emphasis on the importance of dialysis on
 
the nature of the isolated hemoglobin, red blood cells were
 
hemolyzed by dilution in distilled water and analyzed for the
 
presence of lipids. 
 The hemoglobin isolated using the
 
dialysis-ultrafiltration method showed that all samples were
 
essentially free of phospholipids and cijolesterol, thus it 
can be
 

called LF~ib (Table III).
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Fig. 1. Scanning electron micrograph-;of normal washed red blood
 

cells a) bovine, b) ovine, c) human
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.,.I
 

Fig. 2. Scanning electron micrographs of dialyzed red blood
 

cells a) bovine, b) ovine, c) human
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Fig. 3. Scanning electron micrographs of RBC-ghosts 

b) ovine, c) human, d) amorphous stroma 

a) bovine, 
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TABLE III
 
Lipid Contents of Hemoglobin Preparations
 

Species & 
 Method of sample Preparation
 
I.id Classes A B C 
Bovine 
Cholesterol 2190.0009 660.000 0.000

b 

SMC 0.047 d 
0.011 0.000 

PS 0.006 0.003 0.000 
PE 0.011 0.006 0.000 
PC 0.000 0.000 0.000 

Human 
Cholesterol 2.800 24.100 1.800 
SM 14.100 3.260 0.000 
PS 0.000 0.000 0.000 
PE 0.000 0.000 0.000 
PC <0.125 1.450 0.000 

Ovine 
Cholesterol 57.200 472.000 0.950 
SM 2.530 14.470 0.420 
PS 0.030 0.850 0.000 
PE 1.310 3.930 0.420 
PC 0,000 0,000 0,000 

'Datit are 
the mean Lnd are expressed in micrograms/300 mg 
of sample. 

bThere were no detectable lipid. from the TLC plate.
cSM - sphizigomyelin, PS - phosphatidyl serine, 

PE - phosphatidyl ethanolamine, PC - phosphatidyl choline.dData are expressed in micrograms P,(inorganic 

phosphorus)/300 mg of sample.
 

Analysis of LFHb by RPLC yields one major peak followed by a
 
minor protein peak, probably carbonic anhydrase. Integration of
 
peak areas yields a 99.7% pure hemoglobin sample (Fig. 4). 
 Such
 

LFHb migrates as a single band on SDS-PAGE (data nct shown). 
 The
 

visible spectra analysis between 400-600 nm was characteristic of
 

oxyhemoglobin (Fig. 5)
 

DISCUSSION
 

The RBC of cattle, sheep and humans all have a similar appear
ance, however they are quite different with respect to size, vol
ume and most importantly chemical composition of their membrane.
 



899 

00 

PREPARATION OF MAMMALIAN HEMOGLOBIN 


~500 
S S 

250
 

0. 0 
525 35
 

Fig. 4. Typical hemoglobin HPLC analysis peak
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Fig. 5. Visible spectral scan of hemoglobin
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For example, human RBC have an average diameter of 8.5 pM and
 

an average volume of 87 fl, 
in cattle these values are 5.8 pM and
 

52 fl respectively, while in sheep 
the average diameter of a RBC
 

is only 4.5 uM with a volume of 35 fl [21].
 

The RBC of these 
three species have quite different osmotic
 

fragilities and membrane phospholipid compositions. In humans
 

initial hemolysis occurs at a NaCI concentration of 0.44% [22],
 

in cattle and sheep initial hemolysis occurs at 0.59% and 0.67%
 

respectively [21].
 

Another area of major difference is the phospholipid
 

composition of the RBC membrane found in the three species.
 

Cattle and sheep RBC membranes do not contain phosphatidyl cho

line (PC), however in human RBC PC accounts for almost 29% of the
 

total phospholipids in the membrane. 
These three species of RBC
 

also differ in the overall proportions of phospholipids their mem

branes contain. For example, in humans the three main phos

pholipids 
in the RBC membrane are PC 29%, phosphatidyl ethanol

amine (PE) 27% and sphingomyelin (SM) 27%. The remainder of the
 

phospholipids include phosphatidyl serine 
(PS) 13%, phosphatidyl
 

inositol 2% and phosphatidic acid 
(PA) 2%. However, in cattle
 

and sheep SM is 
the most predominate phospholipid in the RBC memb

rane accounting for 46% (cattle) and 51% 
(sheep) of the total
 
phospholipid content of the membrane. 
 Phosphatidyl choline is
 

the second most abundant RBC membrane phospholipid in both cattle
 

and sheep, accounting for 29% and 26% respectively. The third
 

main RBC membrane phospholipid is PS with concentrations of 19%
 

in cattle and 14% in sheep. The last two 
identifiable phospho

lipids 
in cattle and sheep RBC membranes are PI 4% in cattle and
 

3% in sheep and PA which is less 
than 0.3% in both species [23].
 

In spite of the physical and chemical differences between
 

human, cattle and sheep RBC, the 
technique described here is
 

applicable to all three. 
 We believe that this technique will
 

work for any species of RBC which is suitable for encapsulation.
 

The dialysis, ultrafiltration process outlined here results
 

in the preparation of large volumes of ultrapure essentially
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lipid-free hemoglobin. The process is extremely dependent on the
 

method used to reduce the osmotic pressure of the cells.
 

Reduction of the osmotic pressure of the red blood cells is
 

achieved by controlled hollow-fiber dialysis [13]. Red blood
 

cells swell and become permeable to hemoglobin without
 

appreciable cellular lysis. Thus, in the ultrafiltration step,
 

only hemoglobin diffuses through the 0.1 pm pores. If osmotic
 

pressure is reduced by direct dilution in water followed by
 

ultrafiltration, significant lipid contamination is observed.
 

The process described here yields a hemoglobin preparation of
 

greater than 99.7% protein purity as evidenced by HPLC analysis.
 

The minor protein contaminant which appears on the DEAE column
 

may be carbonic anhydrase. Additionally, the LFHb migrates as a
 

single band on SDS-PACE. Although the term SFHb had been applied
 

to different hemoglobin preparations [3,5,8] the only evidence
 

for this claim is the lack of enhanced clotting times for animals
 

which previously received the hemoglobin preparations. De Venuto
 

et al. [7] presented a crystallization method for SFHb in which
 

no coagulant activity was found but no lipid analysis was
 

conducted. Others claim that toluene precipitation may lead to
 

irreversible binding of toluene to the hemoglobin [6].
 

Rosenberry et al. [24] reported the use of a filtration
 

technique, but their process required very dilute red blood cell
 

solutions (5% Hct) in order to prevent clogging of the filters.
 

No clogging of hollow-fibers was observed with our technique. A
 

considerable improvement in the time required for ultrafiltration
 

is possible if the surface area of the ultrafiltration
 

hollow-fibers is increased by using larger cartridges. This
 

process would likely be appropriate for hemoglobin from any
 

mammalian specics in which dialysis can be used to open the
 

membrane without cell lysis. Research from this laboratory
 

indicates that human, canine, porcine, bovine, ovine, caprine,
 

equine, and murine red blood cells are sufficiently stable to
 

undergo dialysis [12,13,25]. It will probably be necessary to
 

use an osmotic pressure close to that which is suitable for the
 

entrapment of exogenous agents [12,13,25].
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There 
are several potential applications for LFHb. It could
 
be entrapped in liposomes, which would then be used for
 
transfusions. 
 LFHb 	would be 
more desirable for entrapment since
 
it contains fewer contaminating lipids which could be inserted
 

into the lipid vesicles [26]. This material would also be
 
valuable in studying the effects of various toxins and
 

pharmacological agents on the oxygen binding affinity of
 
hemoglobin. 
LFHb is also potentially useful in the development
 

of artificial diets for blood-feeding arthropods [2,17].
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A Continuous-Flow High-Yield Process for Preparation 
of Lipid-Free Hemoglobin1 
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Hypotonic hollow-fiber dialysis of bovine red blood cells followed by ultrafiltration through
0. I-pm pore hollow fibers provides a simple method for isolation of lipid-free hemoglobin. He
moglobin (Hb) isolated by comparative techniques were all contaminated with membrane stroma. 
HPLC analysis of Hb revealed a protein peak of 99.6% purity and sodium dodecylsulfate-poly
acrvlamide gel electrophoresis analysis revealed a single band. The process requires hypoosmotic 
dialysis of bovine RBC to a final 160-180 mosmol/kg osmotic pressure. Additional reduction in
osmotic pressure causes irreversible cell lysis which leads to lipid contamination of the Hb. Proc
essing of I liter of packed red blood cells requires 4-5 h, resulting in an average of 90% hemoglobin 
recovery. C 1986Academic Pres. Inc. 

Hemoglobin is the major protein constitu-
ent of red blood cells (RBC)2 and comprises 
over 95% of the total soluble protein of the 
cell. Isolation of hemoglobin (Hb) from RBC 
involves a simple procedure of hemolyzing the 
RBC followed by centrifugation to presumably 
remove membrane stroma. Hemolysis results 
in a Hb solution that is more than 90% pure 
(1). In some cases organic solvents such as tol-
uene have been used as hemolytic agents (2). 
However, such treatment often denatures 
the Hb. 

Although stroma-free Hb (SFHb) has been 
evaluated as a blood substitute (3,4), there ex-
ists no methodology to prepare large quantities 
of SFHb. Crystallization from a high concen-

'Mention ofa trade name, proprietary product, or spe-
cific equipment does not constitute aguarantee or warranty.
by the U.S. Department ofAgriculture and does not imply 
its approval to the exclusion of other products that may
be suitable. 

2 Abbreviations used: RBC, red blood cells; Hb. he-
moglobin; SFHb. stroma-free Hb: DIC. disseminated in-
travascular coagulation; Het, hematocrit: LFHb. lipid-free
Hb: PL. phospholipid; SDS-PAGE. sodium dodecylsul
fate-polyacrylamide gel electrophoresis; SEM. scanning
electron microscopy. 
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tration phosphate solution requires several 
days and gives an average of 3%methemoglo
bin (5). Cheung et al. recently reported the 
preparation of SFHb by a DEAE-cellulose ab
sorption technique (6). Only II h was required 
for isolation of Hb from 500 ml of RBC with 
an average 77 yield of Hb. However, lipid 
analysis was not conducted to determine the 
presence 	or absence of stroma. Lack of coag
ulation activity was the only criterion used to 
determine the absence of lipids. This citerion 
is not conclusive because it has been shown 
that disseminated intravascular coagulation 
(DIC) attributed to stroma contaminants in 
hemoglobin preparations is not necessarily due 
to lipid contamination. Rabiner et al. (7) used 
a 0.22-mn membrane to filter hemoglobin
preparations and reported that preparations 

were stroma-free based on the lack ef coagu
lant activity alone. 

Rosenberry et al. (8) have approached the 
isolation of the other products from RBC, i.e.,
erythrocyte ghosts, by a high-volume molec
ular filtration technique. Their process is de

pendent upon passage through a series of sub
micron filters (100,000 Da). The process re

0003-2697/86 $3.00 
Copyright 1986 by AcademicPressInc.
 
All ngh of reproductjon in anyformreserved.
 



192 DE LOACH, SHEFFIELD. AND SPATES 

quires 2 h and is limited to very dilute 
suspensions of RBC [hematocrit (Hct) < 5%]. 
As pointed out by those authors, when protein 
concentration increases, flow rate decreases 
and leads to clogging of the filters. Although 
the methodology described by those authors 
is a reasonable approach for isolation oferyth
rocyte ghosts, it is not appropriate for isolation 
of large quantities of Hb. It is calculated that 
from 30 ml of washed packed cells only about 
10 g Hb can be processed in several hours. 

The term lipid-free Hb (LFHb) is preferred 
to SFHb to clearly distinguish that 1-b pre-
pared in the manner described below is free 
of membrane lipid. Moreover, the term SFHb 
has been ascribed to some fib preparations 
which indeed contain contaminating mem-
brane lipids. The principle of the process de-
scribed here has been developed from our ex-
perience with dialysis encapsulation for prep-
aration ofcarrier erythrocytes (9-15) and with 
hollow-fiber dialysis of erythrocvtes (16). The 
most important feature of the process is based 
on controlled dialysis of RBC to prevent severe 
osmotic shock ofthe cells which leads to com-
plete rupture of the RBC membrane and sub-

STAGE I DIALY'SIS
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sequent lipid contamination. Hb prepared by 
controlled dialysis and ultrafiltration is devoid 
of lipid and is 99%pure by electrophoretic and 
HPLC analysis. 

MATERIALS AND METHODS 

Bovine blood was collected in a I-liter con
tainer (0.1 mg/ml, heparin) from Brahma/ 
Hereford cattle. RBC were isolated from whole 
blood by centrifugation at 10OOg and then 
washed three times in 5 vol of 0.9% NaCI. 
Washed packed cells were adjusted to 60% Hct 
with phosphate buffer, 15 mM K2HPO4 , pH 
7.2, 2 mM MgCI2 , 10 mM glucose, 134 mM 
NaCI. RBC were then dialyzed against 18 liters 
of 100 mosmol/kg (0.05 mM KHPO4 , 50 mM 
NaCI) dialysis buffer with a I-m2 kidney di
alysis hollow-fiber cartridge (Travenol, Oak 
Park, 111.) 160-180 mosmol/kg osmoticuntil 
pressure (Stage 1,Fig. I). Flow rates of the cells 
and dialysis buffer were 200 and 2000 ml/min, 
respectively. The dialyzed RBC were then 
processed through three 0. I-tum pore hollow
fiber units (I X 106 mol wt cut off, Amicon 
Corp., Danvers. Md.). The combined surface 

STAGE 2 LTRAFILTRATION
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FIG. 1.Lipid-free hemoglobin apparatus. 



193 LIPID-FREE 

area of the three ultrafiltration cartridges was 
0.09 M2 . Dialyzed cells were maintained at a 
constant volume by replenishing the volume 
lost to ultrafiltration with a 160 mosmol/kg 
phosphate buffer. Lower osmotic pressure of 
the phosphate buffer was achieved by reduc-
tion of the NaCI content. During ultrafiltration 
(Stage 2, Fig. 1), the flow rate was 200 ml/min 
at 8-10 psi column pressure. The ultrafiltrate 
was then freeze-dried and stored at ambient 
temperature. All tubing and connectors were 
hemo-compatible. 

Bovine Hb was also prepared by a hypotonic 
dilution technique. Washed packed cells were 
hemolyzed by diluting to 160 mosmol/kg with 
ice-cold distilled water. Afterward, the he-
molyzed RBC solution was processed through 
the ultrafiltration system (Stage 2, Fig. I) and 
the Hb was collected and freeze-dried. Proc-
essing through the 0. I-Mm hollow fiber issim-
ilar to the preparation described by Rabiner 
el al. (7). Finally, bovine Hb was prepared
from RBC (75% Hct) which were diluted four-
fold in distilled water at 4°C. The hemolysate 
was centrifuged at 10,000g for 20 min. The 
supernatant was saved and freeze-dried. The 
latter preparations were made only for corn-
parison with the Hb in the following lipid 
analysis. 

An aliquot of the freeze-dried Hb was re-
suspended in 2 ml of distilled water at 
10-12 g7. One-hundred-milliliter round-bot-
tom flasks containing Hb were placed in an 
ice bath and 20 ml of ice-cold methanol was 
slowly added while stirring with a magnetic 
stir bar. The contents of the flask were filtered 
through silanized glass wool. The filtrate was 
collected in a 100-ml flask and immediately 
roto-evaporated to dryness. A small amount 
of benzene and ethanol was added to the flask 
to prevent bumping and to remove final traces 
of water. The dried lipid was then dissolved 
in 5 ml of chloroform:methanol (19:1, v/v). 
Extraction of the lipid from the flask was re-
peated three times. Each rinse solution was 
then filtered through a medium porosity sin-
tered glass filter. Filtrate was reduced to dry-
ness under argon gas. Samples were then sub-

HEMOGLOBIN 

jected to a Folsch wash (17) and concentrated 
for TLC and other analysis (18). 

For subsequent analysis of lipids, all solvents 
except diethylether and acetic acid were glass
distilled and all solvents were purged with ar
gon before use. Finally, all procedures were 
carried out under an argon atmosphere. TLC 
plates used were coated with Silica gel 60, (E 
Merck, Rahway, N.J.). To separate lipids into 
classes, a hexane:diethylether:acetic acid (60: 
40:2, v/v/v) solvent system was used. Lipids 
were visualized by iodine vapor. Phospholipids 
(PLs) which remained at the origin were fur
ther chromatographed by developing the plate 
in the same direction with a chloroform: 
methanol:ethanol:acetic acid:water (65:25:25: 
5:4, v/v/v/v/v) solvent system. Migration of 
lipid standards of known composition was 
used to identify lipid unknowns. 

After the PL bands were outlined and the 
iodine had evaporated from the plates, each 
band was scraped directly into a 15-ml glass 
test tube. Adjacent areas of silica correspond
ing in size and position to the area containing 
PL also were scraped into test tubes. The silica 
gel was extracted three times with 2 ml of a 
mixture of methanol-chloroform (2:1, v/v), 
the combined extracts were evaporated to 
dryness and the residues were dissolved in 7 
ml of a mixture of chloroform-methanol (19: 
1, v/v). Aliquots were then analyzed for phos
phorus according to the procedures of Duck-
Chong (19). 

Cholesterol was analyzed automatically on 
a Gilford System 3500 Computer Directed 
analyzer. This system is designed primarily for 
analyzing serum cholesterol and triglycerides. 
However, the cholesterol end products (i.e., 
standards) for calibration of the instrument 
are prepared in isopropanol. Therefore, after 
reducing 30-, 60-, and 100-Ml aliquots of the 
extracted lipids to dryness, the residues were 
dissolved in 200 Al of isopropanol and ana
lyzed automatically. Reference cholesterol of 
known concentration in 200 Al of isopropanol 
was used to establish a standard curve for 
quantitation of the unknown. 

LFHb preparations were subjected to so
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dium dodecylsulfate-polvacrylamide gel elec-
trophoresis (SDS-PAGE). A 4% stacking gel
with a 12.5% running gel was used with 10,ul 
of LFHb solution on minivertical slab gel ap-
paratus (Bio-Rad, Richmond, Calif.) at 15 mA 
constant current for approximately I h. A dis-
continuous Tris-glycine-SDS buffer system 
was used (20). After electrophoresis, the gel 
was then silver stained with a silver stain kit 
(Polysciences, Inc., Warrington, Pa.). 

High-pressure liquid chromatography 
(HPLC) analysis was conducted on the LFHb 
with an instrument (LCD/Milton Roy HPLC, 
Riviera Beach, Fla.) equipped with a variable 
wavelength spectrophotometric detector. A 
Waters Protein-Pak DEAE 5PW column (7.5 
X 75 mm) was used. Protein (10 ul injection) 
was eluted with a linear NaCI gradient (20 mM 
Tris, pH 9.2; 0-500 mM NaCl). Samples were 
scanned at 280 nm and protein peaks were 
integrated for Abs28(. Spectrophotometric 
analyses of LFHb samples were conducted 
from 400-600 nm. 

The morphology, size, number, and Hb 
concentration in the RBC were monitored 
throughout the preparative procedure. Cell 
size, number, and Hb concentration were de-
termined with a Coulter Counter equipped 
with a channel analyzer and a Hemoglobi-
nometer (Coulter Electronics, Hialeah, Fla.). 

Cells (0.1 ml) for scanning electron micros-
copy (SEM) were added to 10 ml of V%glu-
taraldehyde prepared in similar osmotic pres-
sure phosphate buffer. Cells were allowed to 
fix for I h with constant agitation at ambient 
temperature. After fixation, cells were washed 

once in buffer and twice in distilled water, and 

then dehydrated in 50% ethanol. Cells 
were 
then resuspended in 7517 ethanol, a drop of
which was transferred to a mounted coverslip. 
Cells were allowed to air-dry, then coated with 
gold. 

RESULTS 


The isolation scheme is divided into five 
steps: (i) Collection of wholc blood, (ii) cen-
trifugation of whole blood and washing of cells 

three times in buffer, (iii) passage of cells 
through kidney dialysis unit, (iv) ultrafiltration 
of dialyzed cells, and (v) collection and lyoph
ilization of LFHb. Figure 1describes the pro
cedure and pr,,cess. Dialysis of the bovine 
RBC to a predetermined osmotic pressure 160 
mosmol/kg (9,13) allowed the RBC mem
brane to become permeable to [lb without 
rupture of the membrane. Steps I and 2 re
quire about 3 h for 2 liters of whole blood. 
Step 3 requires only 10-15 min and Step 4 
requires about 4-5 h for 500 ml of packed
cells. Stage I dialysis (Fig. I) requires a I-M2 
surface area kidney dialysis cartridge. Car
tridges are used once and discarded. An 18
liter dialysis buffer reservoir can be used to 
process 1-2 liters of packed cells. Stage 2 ul
trafiltration requires a longer processing time 
bteause the protein must pass through the 0.l
pin pores in the hollow fibers. Processing lime 
can be reduced if a larger surface area hollow
fiber cartridge is used. As dialyzed cells are 
recycled through the hollow fibers, volume is 
replenished by use ofaclosed vessel filled with 
a 160 mosmol/kg 10 mM KH,P0 4. pH 7.2, 
70 mM NaCI solution. 

The data in Table I summarize LFHb iso
lation from seven different runs. In general, 
400-500 ml of cells can be processed in 4-5 
h. Yield of LFHb from the ultrafiltration pro
cess averages 91. 1%. Actual recovery of LFHb
 
may be less due to some loss of cells in han
dling and because of dead volume in both 
Stage I and Stage 2 of the apparatus. Accord
ingly, hematological parameters of RBC were 
recorded. Processed cells contained only 4 
of their original Hb (Table 2). Also, processed 
cells were one-half of the volume of dialyzed 
cells. 

SEM photomicrographs of normal, di
alyzed, and processed cells reveal several in
ti¢resting features (Fig. 2a-c). Bovine RBC ap
pear as normal biconcave diskocytes whereas 
dialyzed cells appear as uniformly swollen 
cells. Dialyzed cells, unlike RBC ghosts, con
tain normal amounts of Hb and, although they 
are porous, the holes in the membrane are not 
visible. Random protrusions are obst. vable on 
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TABLE I
 

LIPID-FREE HEMOGLOBIN ISOLATION
 

Vol. of packed Starting Ultrafiltration LFHb %Yield
RBC (ml) Hb (g) time (h) recovered (g) of Hb 

275 26.7 2 23.5 88.3 a 

275 25.3 3 20.0 90.6 
1680 166.3 14 128.0 SA.2 
500 133.0 4 117.0 89.0
415 95.9 5 86.4 95.5669 153.7 5 151.3 98.4
570 107.2 5 85.1 91.8 

4% Yield of Hb is calculated as follows: 

Amt LFHbrecovered + (LFHb+ Hb remaining in processed RBC) X 100. 
%Yield does not take into account loss ofcells due to dead volume in apparatus. 

most of the dialyzed cells. Once Hb is extracted DISCUSSION 
by ultrafiltration the cells appear mainly as We describe a dialysis, ultrafiltration process 
empty ghosts (Fig. 2c). If RBC are hemolyzed
by direct dilution, cells appear mainly asamophao s ( ig 2d for preparation of LFHb. The process is highlytro .ti ths orm of dependent on the manner in which the osamorphous stroma (Fig. 2d). It is this form of tic pressure of the cells is reduced. Reducstroma that can associate with Hb and ulti-strmathtcntasciate me ith Heantio. tion of the osmotic pressure of the buffer con

mFtery containa thefHrepratison ttaining the RBC is achieved by controlled hol

significant lipidcollected by ultrafiltration (Table 3). IfRBCConsequently,were hemolyzed by direct lysis in distilled wa- ad-


For comparison and for emphasis on the 
importance of dialysis on the nature of theisolated Hb,RBC were hemolyzed by dilution 
inisa ed waterBCand er proesed by utin
in distilled water and ther, processed by ultra-
filtration. Significant amounts of phospholipidand cholesterol were recovered with the Hb 
ancholete y ol reurirtiov( e 3h Ie Rb 

ter followed by centrifugation at 10,000g, lipid 
was also found with the Hb contained within 
the supernatant (Table 3). Both of these meth-
odologies are similar to that used by Rabiner 
et al. (7). Hb isolated by the dialysis-ultrafil-
tration technique is thus called LFHb. 

Such LFHb migrates as a single band on 
SDS-PAGE (data not shown). HPLC analysis 

elution time. A minor protein peak (probably 
carbonic anhydrase) followed the elution of 
LFHb. Integration ofpeak areas yields a 99.6% 
pure Hb sample (Fig. 3). A visible spectra be-
tween 400 and 600 nm yields two broad peaks 
at 541 and 576 nm,characteristic of oxyhe-
moglobin (data not shown). 

low-fiber dialysis (16). RBC swell and become 

permeable to Hb without appreciable cellular 
lysis. Thus, in the ultrafiltration step, only Hbdiffuses through the 0. 1-pmn pores. If osmoticdiff u es rou ce by di re i ti cpressure is reduced by direct dilution in water 
followed by ultrafiltration, 

cntam t is ofsere con e n 

vantage is taken of the fact that, under controlled dialysis conditions, bovine RBC do not 

completely lyse. 
Although the term SFHb has been applied 

to different Hb preparations (3,7), the only ev-

TABLE 2 

of LFHb yields one major peak at 14.4 minHEATLOGC ARAETRS F ROCSSDCLL 
Hb 

Isolation stage (g x 10-/cell) Volume (Fl) 

Washed packed RBC 14.6" 47.1 
Stage I 15.2 58.0
 

0.6 27.5
 
' Data are the mean of four experiments.
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. 4
 

FIG. 2. Scanning electron microscopy micrographs of RBC. (a) Normal washed bovine RBC, (b) dialyzed 
RBC. (c) RBC ghosts, (d) stroma from RBC. 
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TABLE 3 

LIPID CONTENT OF BOVINE HEMOGLOBIN PREPARATIONS 

HB sample Cholesterol P, SM PS PE 

Cells hemolyzed in distilled water and 
processed by ultrafiltration 7.3 0.51 14.1 1.71 3.05 

Cells hemolyzed in distilled water and 
centrifuged 2.2 0.32 3.26 0.75 1.84 

Dialyzed cells plus ultrafiltration 0.01 0.0 0.0 0.0 0.0 

P, = inorganic phosphorous. SM = sphingomyelin, PS = phosphatidyl serine. PE = phosphatidyl ethanolamine. 
Data are the mean and are expressed as mg lipid/g Ilb. 

SThere were no detectable lipids from the TLC plate. 

idence for this claim is the lack of enhanced LFHb migrates as a single band on SDS
clotting times for animals which previously PAGE. The minor protein contamination 
received the Hb preparations. We present the which appears on the DEAE column is prob
first Hb purification in which lipid analysis ably carbonic anhydrase. 
shows Hb to be lipid free. De Venuto ei al. (5) A significant advantage of this process over 
presented a crystallization method for SFHb previous filtration methods is that hollow fi
in which no coagulant activity was found but bers were used instead of flat membranes. Ro
no lipid analysis was conducted. Preliminary senberrv et al.(8) reported the use of filtration 
experiments with bovine Hb in this laboratory technique but their process required very di
indicate that this procedure is not appliable to lute RBC solutions (5%Hct) to prevent clog
bovine Hb. Others claim that toluene precip- ging of the filters. No clogging of hollow fibers 
itation may lead to irreversible binding of tol- was observed with the present configuration. 
uene to the Hb (1). The process described here A considerable improvement in the time re
yields a Hb preparation which is greater than quired for ultrafiltration is possible if the sur
99% pure by HPLC analysis. Moreover, the face area of the ultrafiltration hollow fibers is 

100 

S14.94 Boo 

250
 

0- 0 
25 35 

Time (.'.) 

FIG. 3. Bovine hemoglobin HPLC analysis. 
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increased by using larger cartridges. This pro-
cess is appropriate for Hb from any mam-
malian species in which dialysis can be used 
to open the membrane without destruction of 
the membrane. For example, dialysis has been 
used to prepare RBC to entrap or encapsulate 
a variety of exogenous agents without com-
plete 	rupture of the membrane. Research 

from this laboratory indicates that human, 
bovine, ovine, caprine, equine, and murine 
RBC are sufficiently stable to undergo dialysis
(12,21,22). However, it is likely that the re-

duced osmotic pressure used here for bovine
(160-180 mosm) will not be appropriate for 
other RBC species, but rather selection of the 
osmotic pressure should be that used for hy-
potonic dialysis for entrapment of exogenous 
agents (12). Preliminary experiments with iso-
lation ofhurnan LFHb verifies this hypothesis 
in that 110-120 mosmol/kg is optimum for 
isolation of LFHb from human RBC. 

Hb prepared to be lipid free might have sev-
eral useful applications. First, Hb used for en-
trapment in liposomes would be more desir-
able if no contaminating lipids were available 
for insertion into the lipid vesicle (23). LFHb 
has potential usefulness in the development
of artificial blood diets for blood-feeding ar-
thropods (24-26). Thus, the need for a Hb free 
of lipid has been established in the preparation
of artificial blood for transfusion and in the 
preparation of artificial diets for blood-feeding 
arthropods. 
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AN IMPROVED FREEZE-DRIED BLOOD DIET FOR
 
MEMBRANE FEEDING OF
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Abstrct-I. The effect of fetal calf serum as an additive for reconstituted freeze-dried bovine and porcine
blood for feeding Glossina palpalis palpalis was determined. 

2. Reproductive performance of tsetse flies fed reconstituted freeze-dried bovine and porcine blood
supplemented with fetal calf serum was higher than that of flies fed only freeze-dried blood.

3.Sonicated freeze-dried porcine blood supplemented with fetal calf serum resulted in a reproductive
performance equivalent to that of flies fed on non-sonicated freeze-dred porcine blood and fetal calf 
serum. 

4. A 50:50 mixture of freeze-dried porcine and freeze-dried bovine blood reconstituted and sonicated 
resulted in a reproductive performance equivalent to the highest ever attained for i, ritro-rearedG. p.
palpalis. 

INTRODU'CTION 
Efforts have been made to find a suitable diet for
membrane feeding of G tossina mssspp. for use ina 


rearing facility. Research by Wetzel (1980) led to the 
adoption of freeze-dried bovine blood as a replace-
ment for fresh blood. In a mass rearing facilit%, the 
logistics of obtaining sterile, high-quality fresh ab-
attoir blood is difficult. The problem of blood storage 
and blood quality for feeding tsetse flies has been 
somewhat ameliorated by the use of freeze-dried 
bovine blood. However. there are still some problems 
associated with freeze-dried blood because freeze-
dried bovine blood alone is not equivalent to fresh 
bovine blood as a diet for tsetse flies (DeLoach and 
Taher, 1983). More research is needed to improve the 
physical and nutritional character of the recon-
stituted blood. The ultimate goal of in ritro rearing 
is to provide sufficient quantities of sterile male flies 
for a sterile insect release program. 

Research in our laboratories has been directed to 
improving the quality of the in ritro diet so that it 
equals that of fresh animal blood. For example, the 
reproductive performance of Glossina palpalis pal-
palis fed in viro on fresh guinea pig blood through 
a membrane is equal to that of flies fed directly on 
guinea pigs (DeLoach and Taher, 1982). The max-
imum obtainable PPF (pupae per mature female) was 
0.098 with both feeding regimens. With freeze-dried 
porcine or bovine blood, a typical PPF is in the 
0.075-0.080 range. which is somesshat less than the 
theoretical 0.105 PPF. The reproductive capacitN of 
tsetse flies fed on freeze-dried bloods can to some 

that of the original blood. For example, bovine serum 
albumin IBSA) added to freeze-dried bovine blood
will in certain instances improve the nutritional value 

of the blood. As prepared, each lot of freeze-dried 
blood has its own intrinsic nutritional quality, with 
some lots better than others. When BSA is used as a 
supplement to a particular lot of freeze-dried blood 
whose nutritional value is poor. the reproductive 
performance of the flies will improve (DeLoach and 
Taher. 1983). Wetzel (1980) reported a similar effect 
in earlier tests. 

The present test were conducted to determine 
whether a combination of additives and sonication 
with freeze-dried blood could result in a product
equal to fresh bovine blood. Tsetse flies were fed on 
the different diets for 35 days. and survival, fecundity, 
and weight of offspring were observed. 

NATERIAL AN) MtETHtODS 
G. p. palpah was obtained from amembrane-fed colony 

maintained at IAEA Laboratory (Scibersdorl. Austria). 
The flies were reared at 24 5 - 0.5 C and 85",, relative 
humidity ian der Vloedt. 19"5. 1982) Fifteen newly 
emerged females were placed ii acage. and after 3days. 5-7 
males "ere introduced for breeding. Each da., (except
Sunday) the cages were examined for dead flies and the
number of puparia produced. Puparia were individuall.weighed 

Control flies (4groups of 15 fies, were fed on fresh bovine 
blood 6days aweek. Experimental flies (4groups of 15 flies) 
were fed with the prepared diet oina 6-da, regimen.
Quantities of freeze-dried bovine (FDBB) and porcine blood 
(FDPB) were obtained from random lots stored at the 

extent be improved if the reconstituted blood is IAEA. Fresh boxine blood was collected in heparin front 
sonicated before use (DeLoach. 1983). 

Many kinds of additives have been tested with 
freeze-dried blood to restore its nutritional quality to 

*Mention of a commercial product does not constitute an 
endorsement by USDA. 

localk obtained cattle, and fresh boine plasna sas oh
tamed from the fresh whole blood. The experiments were 
conducted at the same time in order to minimize variationsdue to reanng and handling procedurcs and due to quality
of flies obtained from the in i ttrocolons\ 

FDBB was fed alone or supplemented with i10",, fetal call 
serum (FCS). FDPB was led alone. with 1", FCS. wsith 
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Table I Reproductise performance 

Diet 

Fresh bovine blood 
+ FCS 

FDBB 
FDBB + FCS 

*Survival percentage 

survival 
day 18-35' 

94at 
95a 
86h 
9
 
1a 


of Govina palpalhpalpah 

Total Pupa 
pupae Pupa mature 
h initial female 

day 35 female da, 

fed on supplemented 

Female da
 
relative 
it) 


theoretical max 

86 1.43 II (85a, 0080 
85 1.42 0 083a 0 079 
81 1.33 0.087a 0074 
89 148 (091h 0082 

is calculated as folloss. 

Actual mature female daysthe¢oretical m- cm::--"mcida sori-55I da~s I0 

tData in column%followed b. a common letter =arenotsgnuicantl, dilerent (P 0.05). Duncan's multiple range test. 

10'. FCS and sonication, with 50',, FDBB, and with 50".
FDBB plus sonication. FCS was purchased from Serva 
Heidelberg, F.R.G. Sonication was as previously described 
(DeLoach. 19831. All blood diets were stored at- 20 C until 
use. ATP (10' M) was added immediately before feeding
All feeding was conducted through an artificial membrane 
(Wetzel, 1979a and b). 

RIS.'LTS 

The reproductive performance of tsetse flies fed 
fresh bovine blood was higher than expected. The 
data are included here only for comparison since the 
reproductive performance of tsetse flies fed bovine 
blood is well documented (Wetzel, 1979b, 1980). Flies 
fed fresh bovine blood supplemented with FCS had 
a reproductive performance equivalent to that of flies 
fed on only fresh blood. FCS did not improve the 
nutritional quality of fresh bovine blood. However. 
the reproductive capacity (PPF) of flies fed on FDBB 
was nearly equal to that of flies fed on fresh blood. 
The highest reproductve capacit. of flies was ex-

Offspring weights of the first reproductive cycle were 
significantl. lower for flies fed FDBB as compared
with those for flies fed any of the other test diets. 
There was no difference in the mean pupal weights
from the second reproductive cycle (Table I1).Sur-
vival of mature females (day 18-35) was slightly less 
for flies fed on FDBB. 

Fresh pig blood from the abattoir was freeze-dried, 
and a direct comparison between fresh and freeze-
dried blood was made. There was no difference in the 

Table 2 Reroductse performance of GWo.mina palpahi 

Total 
pupae Pupa 

freeze-dried bovine blood 

Mean pupal %keights 
(mg) SD 

Isi 2nd 
reproductive reproductive 

cNcle cycle 

30.5 - 4.4a1 313 -3.9a 
30 6 -3.7a 32.5 - 3.la 
26.8 - 3 6h 29.7 ± 3.6a 
28.9 = 3.0a 29.7+ 3.6a 

reproductive performance of flies fed on the two diets
(Table 2). The overall reproductive performance of 
flies fed on FDPB was markedly enhanced by the 

addition of FCS combined with sonication. This level 
of reproduction is equivalent to that obtained for flies 
fed in tiro on guinea-pigs (DeLoach and Taher.1983). A somewhat surprising result was obtained 
when FDPB and FDBB were fed in combination.Reproductive capacity of flies was equivalent to that 

of flies fed on FDPB. More significantly, however, 
sonication of the FDPB:FDBB diet resulted in a 
product whose nutritional value was excellent for 
G.p. palpalis. A 0.100 PPF approaches the theoretical 
maximum, 0.105 PPF, and isequivalent to the highest
reproductive capacity attained by inritro-rearedG.p.
palpalis (DeLoach and Taher. 1982). 

DISCUSSION 

A problem inherent to mass rearing of tsetse flies
hibited when flies were fed FDBB plus FCS (Table I). is their relativel. low fecundity as compared with that 

of other Diptera. G. p. palpalis produce only one 
olfspring every 9-9.5 days after reaching sexual matu
rity. The theoretical 0.105 PPF is based on a 9.5-day 
reproductive cycle (van der Vloedt, 1975, 19821. 
Another dipteran. Stono.vrs ca/citrans(L.), produces
40 eggs per day after reaching sexual maturity 
(Spates. 19791. Thus, it is of great significance to 
maximize the reproductive capacity of membrane-fed 
G.p. palpahs. It has been demonstrated that flies 
fed through a silicone membrane on a nutritionally 

palpalt fed on supplemented freeze-dried porcine blood 

Mean pupal weights 
(mg) -SD 

Pupa Pupa mature 
mature female da:. Ist 2nd 

survival b, initial female relative to reproductive reproductiveDiet day 18-35 day 35 female das, theoretical max cycle cycle
Fresh porcine blood 98a 89 I [m 111184a 0 082 31,7 - 3.5a 30.1 _ 3 7FDPB 95a, 87 1 45 0085,a 0081 29.8 - 5,5a 31.0: 5.aFDPB + FCS 88h 93 1.55 0,198h 0086 32.2 : 36h 31.2 : 4.0aFDPB - FCS sonicated 96,, 99 1'74 (1099h 0I 096 317 : 4 lab 31.0--4.6aFDPB - bovine serum 94 

a I 4 . hI,, 111182 29 6 - 3 2ath 31 2 38aFDPB:FDBB 50:51 92ah h" I 4u1 1)04,, () O76 30 2 : 3 7a 21 I - 44aFDPB:FDBR 50:501sonicated 9ha 1117 I 0 0 11(99 32 2 - 4 (6 32 --3 8a00181 

*Survival percentage is calculated as follows: 

Actual mature female da 
theoretical mature da.'or I IN da,,

tData in columns followed by a common letter are not sugnificantl1 dilerent I/P 0i 1.Duncan's multiple-range test 
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adequate diet will ach.eve a reproductie per-
formance equivalent to that of flies fed i I'ho on 
guinea pigs (DeLoach and Taher. 1982). Con-
sequently, the reproductive performance of G. p. 
palpalis is not limited by membrane feeding. A 0.075 
PPF for a colony of 10,000 producing females results 
in only 750 offspring per day. Thus. if an increase to 
0.1 PPF could be achieved, the production of 1000 
pupae per day would be a significant increase in 
colony performance. 

Our recent research has sought to find additives for 
freeze-dried bloods which will restore their nutri-
tional value to that of fresh blood. Freeze-drying is 
known to increase the blood alkalinity to about pH 
8.0-8.2. Moreover. freeze-drying alters levels of free 
amino acid in blood (DeLoach and Holman. 1983). 
The physical character of the freeze-dried blood is 
significantly altered from intact cells plus plasma to 
an amorphous particulate product with some large 
aggregate particles. Sonication of reconstituted 
freeze-dried blood reduces particle size to a uniform 
5-10-fl particle. The reproductive performance of flies 
fed on sonicated reconstituted blood is significantly 
higher (DeLoach. 1983). Thus. the freeze-drying pro-
cess is known to alter physical and chemical proper-
ties of the blood. 

Several kinds of additives such as lipids. BSA, 
hemoglobin, and amino acids have been added to 
both fresh and freeze-dried bovine blood to increase 
its nutritional value (Moloo and Pimley. 1978: Lang-
ley et al.. 1978; DeLoach and Taher. 1983). Despite 
these attempts. '.erN little success has been noted. Our 
philosophN toward selection of additives for freeze-
dried blood is based on restoring the fresh qualitofre blood probasdct onto othatg fresh ' l. A 
of the blood product to that of fresh whole blood. A 

more quantitative %iek is simply to find additives 

which replace as .etunknown factors in blood that 
are altered by freeze-drying. One useful approach in 
the present experiments has been the addition of FCS 
to FDBB and FDPB. Researchers have long sought 
to define the superior value of FCS in tissue culture 
media with little success (Eagle. 1955, Eagle. 1960). In 
both instances. 10(%, FCS was used on the basis of 
results of preliminary feeding tests with FDBB and 

b bEagleFDPB. Fresh bovine blood supplemented with FCS 

expectedly was not different from fresh blood alone. 
FCS as a supplement to FDBB resulted in an excel-
lent dietary blood product. G. p. palpalis fed on such 
a diet had high fecundity and normal pupal weights 
equivalent to those of pupae fiom flies fed on fresh 
blood, 

The reproductive performance of flies fed on fresh 
porcine blood and FDPD was determined as a point 
of reference, then 10",, FCS was added to FDPB. The 
fecundity of flies fed on this diet was superior. 
yielding a 0.098 PPF and 31-32 mg offspring. Soni-
cation of the FDPB plus FCS did not improve its 
quality as indicated by the reproductive performance 
of the flies (Table 2). Although sonication or FCS 
supplement alone improve the qualit. of FDPB. they 
are not additive. Since sonication alters the physical 
character and improves the solubility of reconstituted 

lfreeze-dried blood (De oach. 1983), perhaps FCS 

has a similar efftct. However, when fresh bovine 

serum was added to FDPB, no improvement in 
fecundity of flies was noted. Thus, it appea's that 

I".S as a suPplciiweit elianes the nutritional value 
o1 FI)PB biocheniii.'llY rather than physically. 

In the search Io xinsmtze the nutritional value of 
freeze-dried bloo l.I tciinbired FDPB:FDBB prod
uct was tested. ll- IttIldity was quite good at 0.084 
PPF with 29 3 nII.puipae. More importantly, this 
product was iinpio ,d bv its sonication. The per
,ormance of flies iched itmaximum of 0.099 PPF 
relative to 0.10s Pil'l' theoretical maximum with 
32 mg pupae. 'I*Ie testspet lorniance of flies in these 
fed the 50:50 niilliie i,somewhat higher than that 
for the colony Ilies at IAFA (van der Vloedt, personal 
communication) 

There are now it least three procedures which 
improve the reprodictlVe capacity of tsetse flies fed 
on reconstituted ice/e-dricd blood. Sonication, FCS 
supplement, and siollcated 50:50 blood mixture of 
FDPB and FI)IIII all yield a diet which approaches 
a 0,099 PPF proiluclit relative to theoretical max
imum with 30 1'2jg pupae. Incorporation of any 
one of' these procedures in diet preparation should 
improve the reproduc'tive capacity of a G. p. palpalis 
tsetse colony'. 
.A4cknolidgeent IHi research was conducted incooper
ation with the niiiieiiiilliiialAtomic Energy Agency (Re
search Agreement I (IF)Vienna. Austria. 
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Adult stable flies vere fed blood meal diets of freeze-dried bosine or porcine blood, or fresh 
Abstract--I. 

porcine blood, for ten consecutive generations: the reproductive performance of adults fed 
bovine or 
freeze-dried or fresh porcine blood was significantly higher (P < 0.05) than that of adults fed freeze-dried 

or fresh bovine blood. 
2. Quantitative analyses of cholesterol, triglycerides, phospholipid phosphorus. phospholipid classes. 

and fatty acid composition of the diet were made. 

3. There was no direct correlation between the percentage distribution of lipid classes and the fecundity 

of flies. However. the locations of phosphatidyl choline and sphingomyelin within the blood components 

may be a factor in the diet. 

INTRODtCTION 

Adult stable flies (Stonio.yvs calcitrans)areobligatory 
blood feeders for functional reproductive capacity 

(Hoffman. 1968: Spates. 1979). Since adult stable flies 

are similar to .,etse flies in their nutritional require-
we have been 

ments (DeLoach and Spates. 1984). 
of anto test for developmentusing stable flies 

blood diet. Tsetse flies (Glossina palpah.s
artificial 
pa/pa/is) have been fed it 	iro a number of different 

blood products and blood derivatives (Bauer and 
Aigner, 1978: Langley e~t al.. 1978: Moloo and 

Pimley. 1978: Wetzel. 1978: Wetzel. 1980: DeLoach 

and Taher. 1983). Their basic requirements are that 

the blood be sterile and nutritionally fresh. In con-

trast to tsetse flies, stable flies can feed on nonsterile 
blood. But the source of the blood can be equally 

important for both species. For example tsetse flies 
exhibit a higher reproductive capacity when fed por-

bovine blood, whether the
cine blood than when fed 

its fresh (angle e al.. 1978: DeLoach and
bloodTaher. 1983) or freeze-dried (DeLoach and Taher. 

1983). More recent feeding tests with stable flies fed 
freeze-dried bovine and porLine blood indicate that 
porcine blood is also nutritionally superior for this 
species (Spates and DeLoach. 1985). 

Much research hats been devoted to understanding 
the nutritional superiority of porcine blood over 

et al.. 1978: Moloo and
bovine blood (Langley' 
Pimley. 1978: DeLoach and Taher. 1983). An amino 

acid analysis of freeze-dried bovine and porcine 
ritro rearing of G. p. palpali.blood used for in 

revealed significant differences in the two types. Boy-

higher levels of lysine. methionine.ine blood had 

of a commercial or proprietor% product in this
'Mention 

paper does not constitute an endorsement of this 
U.S. Department of Agriculture.product by the 

/ (3 S -7 - / / 0 

threonine and phenylalanine (DeLoach and Holman. 
higher only in isoleucine.1983). Porcine blood was 

Addition of isoleucine to bovine blood did not im

prove reproductive capacity of tsetse flies fed on that 

diet (Moloo and Pimley. 1978). Experiments in which 

nutrients are Additionto of lecithin bovine bloodadded bovine bloodto have met with 
little success. an amino acid 
had no effect on li fecundity. When 

mixture. lecithin or hemoglobin
mixture, a vitamin 

were added to defibrinated bovine blood, the fecun
ditv of tsetse flies l(No.ssina morsitans) did not in
crease (Moloo and Pimlc\. 19781. Additions of lvsinc 

adversely affected fecundity, as did the addition of 
linolenic acid (C IS:3). The addition of bovine serum 

albumin to bovine blood elicited some improvement 
in the fecundity of G. oior.sitan.s (Moloo and Pimley, 
1978) and of Glos.'a palpa/is pa/pali.s (DeLoach and 

Taher. 19831. Hosiever, the addition of lipids such as 
a marked reduc

(DeLoach and 
cholesterol to bovine blood caused 

tion in fecundity of G. p. palpal.b 
nutritionalTaber. 1983). Thus. the cause of the 

superiority of porcine blood is still undetermined. 
To further examine these nutritional differences 

have fed stablebetween porcine and bovine blood, we 
flies on freeze-dried bovine and porcine blood for ten 
generations. and have examined the lipids found in 

each blood. This analysis of lipids includes choles

terol, triglyceride. phospholipid phosphorus. phos

pholipid classes and fattyacid content. 

xtATERIAIt ANt)MEIIOI).S 

Stabih f/W 

Stable flies used in this siud. %%ere from a colony that has 
1969. Conditions

been maintained at our laborator, since 

for colon\ maintenance and egg collection hae been de

scribed ilie and Wright. 1978: Bridges and Spates. 1979). 
of stable flies fed freeze-dried or freshThe performance 

x 123)blood was determined in three groups of adults (6; 
for each of ten generations. Detailed conditions for feeding. 

'd in SCI .....-. ,k67
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handling and egg collection %%ere as previously described 
(Spates and DeLoach. 1985). 
Blood diets 

Flies were fed fresh bovine blood (FBB). fresh porcine 
blood (FPB). and freeze-dried bovine (FDBB) and porcine 
(FDPB) blood prepared in Vienna, Austria and College 
Station. TX. denoted as V and CS. respectively. Freeze-
dried bovine (FDBB-V) and porcine (FDPB-V) bloods were 
prepared at the International Atomic Energy Laborator, 
Seibersdorf. Austria, with a commercial apparatus (Wetzel, 
1980). Freeze-dried bovine (FDBB-CS) and porcine (FDPB-
CS) bloods were prepared on a laboratory freeze drier in 
College Station. Texas. Freeze-dried bloods were prepared 
in 1980 and reconstituted over a 10-month period in 1983. 
Enough blood was reconstituted (4.1 ml deionized water g 
blood) to feed each generation of adults and for lipid 
analysis. Reconstituted blood was stored at -20 C until 
used. Porcine (FPB) and bovine (FBB) blood was c¢1!ccted 
weekly in heparinized vacutainers and held at 4 C for 
feeding adults or stored at -20 C for lipid analysis. Prior 
to feeding, blood was warmed to 30 C. Flies were allowed 
to feed to repletion from dental rolls saturated with blood. 

Chemicals 

All solvents except acetic acid and diethyl ether were 
redistilled before use. Solvents also were saturated with 
argon before they were used. TLC plates (20 x 20cm) 
precoated with silica gel H (250pm thick) werp obtained 
from Analtech. Newark. DW. Triglycerides, cholesterol, 
cholesterolesters and borontrifluoride in methanol vere 
obtained from Sigma Chemical Co., StLouis, MO. All ether 
TLC and GLC standards were obtained from Supelco, lc.. 
Bellefonte, PA. Reagent kits for measulng cholesterol and 
triglycerides were obtained from Worthington Diagnostics 
Co.. San Francisco, CA. and Dow%Diagnos!ir,, Indi-
anapolis, IN, respectively, 

Lipid e.vtraction 
Lipid extractions were carried out on reconstituted 

FDBB-V. FDBB-CS. FDPB-V, FDPB-CS. FBB and FPB. 
Blood samples from various dates were thawed and pooled 
for lipid extractions. Three 5-ml aliquots were taken from 
each of the pooled samples, slowly added to 50 ml of 
ice-cold methanol and slowly stirred for 5min with a 
magnetic stirring bar. Afterwards. 100 ml of ice-cold chloro-
form were added and the mixtures were allowed to stiifor 
an additional 20min. The mixtures v.ere allowed to stand 
for 0.5-1.0 hr to allow the denatured hemoglobin to settle. 
and then the solvents were filtered through two layers of 
prewashed Whatman No. I filter paper into 300-ml round-
bottom distilling flasks. The beakers used during extraction 
were rinsed three times with 25 ml of chloroform-methanol 
(2:1. v v).The combined filtrates were reduced to near 
dryness on a BuchiiO rotovaporator at 30 C. An argon trap 
was placed between the vacuum bleed of the rotovaporator 
and the cylinder of argon to ensure that the lipid extracts 
were exposed to a minimum of oxygen. Thereafter. the 
flasks were rinsed three times with 20 ml of freshly prepared 
chloroform-methanol (19: 1, v v) rinses were filtered 
through a sintered glass funnel (medium porosity) having a 
1.0cm layer of prewashed sodium sulfate. Combined rinses 
were reduced to dryness on the rotovaporator. Freshly made 
chloroform-methanol (2: 1,vv) was used to transfer the 
lipid extracts to conical, graduated centrifuge tubes, and the 
nonlipid materials were removed according to the method 
of Folch etal. (1957). 

Chromatographic procedures 

Prior to use. TLC plates were cleaned ir a chromato-
graphic tank containing 200 ml ofa mixture cfchloroform-
methanol-ethanol-acetic acid-water (65:25:25:5:4, viv).
The solvent was allowed to ascend to the top of the plates. 

Plates were air-dried and then actiated in an oen at I 10 C 
for 30 nin. An aliquot 15001 l)of the vashed lipid extracts 
%as reduced to 5U p I Aith a stream of argon. then streaked 
onto the TLC plates %%ith small-bore capillary tubing. 
Samples and standards were placed on a line 2.5 cm from 
the bottoms of the plates, and eluting solvents Acre alloed 
to ascend to 2.5cm from the tops of the plates. Lipid 
extracts were separated into major classes of lipids by TLC 
using a solvent mixture of hexane diethyl ether acetic acid 
(30:20:1. v v). 

The TLC zone containing phospholipids %%as visualiied 
with iodine vapor, scraped from the plate, and placed into 
a 15 ml glass culture tube. Silica gel was extracted seven 
times with 5ml of a mixture of methanol chloroform ( I : 1. 
vv); each extraction involved vigorously ,ortexing the tube 
containing silica gel and solvent. followsed b low speed 
centrifugation. Phospholipid extracts wkere reduced with 
nitrogen to a volume of 50pl or less, and then subjected 
to TLC again for separation of individual phospholipids. 

Classes of lipids and individual p-.ospholipids were 
identified by spotting reference lipids onto TLC plates and 
by exi, )sing the plates to iodine vapor. Phosphatidyl 
ethanol-mine and phosphatidyl serine also were detected 

with ninhydrin spraying. 

Analysis of phospholipidphosphorus 
After the PL bands were outlined and the iodine had 

evaporated from the plates, each band was scraped directly 
into a 15-ml glass test tube. Adjacent areas of silica 
corresponding in size and position to the area containing 
PL also were scraped into test tubes. The silica gel was 
extracted three times with 2ml of a mixture of 
methanol-chloroform (2:1, v ,).and then the combined 
extracts were evaporated to dr~riess and the residues 
dissolved in 7ml of a mixture of chloroform methanol 
(19:1, v/v). Aliquots were then analyzeJ for phosphorus 
according to the procedures of Duck-Chong 11978). 

The extracted silica gel from sample and reference PL. as 
well as corresponding -ilica gel blanks, were also analyzed 
for phosphorus using a modification of the Duck-Chong 
11978) method. A I00-p1 aliquot of magnesium nitrate in 
methanol I 10 o.. v s "as pipetted onto [he silica gel and 
the methanol eaporated to dryness in a heated sater bath 
(85-100 Ct. Then the tubes .cre heated for 35sec b 
holding them just above the blue flame of a Bunsen burner 
After cooling. 2 or 3ml of I M HCI was added to each tube 
and the tubes sere vortexed vigorousl. capped with a 
cleaned marble, then heated in a water bath 190 95 () for 
25 min. When tubes cooled they %%erevortexed and centri
fuged. A I-ml portion of the acidic extract was then 
transferred to another tube and the routine phosphorus
 
assay was carried out. When less than I ml of acidic extract
 
was used. the .olume I ml svith
was adjusted to additional
 
I M IICI.
 

Transestertiatton ol.vaporiiah/i hpid,
 
The lipid samples (t00 iIt)
%%ere placed in glass mini-akior 

tubes (Applied Science. Deerfield. ILt and reduced t) 
dryness with a stream of argon. Borontrifluoride in) meth
anol (I mlt was added to each tube, and then the tubes were 
capped and placed in a 100 C water bath for 31 nin. After 
brief cooling, 2 ml of distilled water was added to each tube. 
The fatty acid methylesters (FAME) were extracted from 
the methanol and water with petroleum ether (three times 
with 5 ml). Combined petroleum ether extracts were washed 
with 3ml of distilled water* then a small amount of 
anhvdrous sodium sulfate was used to remove final traces 
of water from the petroleum ether. The petroleum ether 
extract was reduced to dryness and lieresidue was 
dissolved in 301lpof petroleum ether for GLC anal sis of 
the FAME. 

FAME samples were analyzed on a Tracor MT 2201(iLC
equipped wsith a FID detector and a I.3 in - 3.it cm i.d 
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U-shaped glass column packed with 10% (w.jv) SP-2330 Table 2.Cholesterol content of blood diets
 
on 100/120 mesh Supelcoport (Suplco, Inc.). Operating Y ± SEM (N=9)
 
conditions were: column temperature program, 125- Diet (mg,/dl)
 
200 C-2 C/min; inlet and detector temperature, 250 C; H:,
 
and air flow rates to the detector, 40 and FDPB-V 104.6 + 3.4a~b
120:mt/min, FDPB-CS 91.2 ± 3.8a*
 
respectively; and N, flow rate. 30cm ,'min. FDBB-V 108.2 _±5.2a,b.c
 

Identification and quantitation of FAME in samples FDBB-CS 117,4 + 3.8bxc.d
 
were accomplished through the use of reference samples of FBB 125.7 ±4.6c.d
 
FAME and a Hewlett-Packard model 3390A reporting FPB 129.8 + 5.3d
 
integrator. *Data followed by acommon letter are not
 

Cholesterol and triglteceride analtsis significantly different (P= 0.05). 

Cholesterol and triglycerides were analyzed automatically 
on a Gilford System 3500 Computer Directed Analyzer. (36 mg/dl), FPB (74.2 mg/dl) and FDPB-CS 
This system is designed primarily for analyzing serum (174.5 mg/dl) exhibited to two- to four-fold difference 
cholesterol and triglycerides. However, the cholesterol and in concentration, the fecundity of flies was not 
triglyceride end products (i.e. standards) for calibration of different (Table I). It should be noted that the 
the instrument are in isopropanol. Therefore, after reducing freeze-dried bloods prepared in College Station were 
30-, 60- and 100-pl aliquots of the extracted lipids to not derived from the fresh bloods used in these 
dryness, the residues were dissolved in 200 ul of iso
propanol and analyzed automatically. Reference cholesterol experiments, however, they were prepared from 
and triglycerides of known concentration in 200/p1 of blood obtained from similar breeds of animals. 
isopropanol were used to establish a standard curve for Although phospholipid phosphorus analyses re
quantitation of the unknown. vealed differences among the blood diets (Table 4), 

there was no correlation between phospholipid phos-
RESULTS phorus content of the diet and the fecundity of the 

flies (Table I). 
The mean fecundity and percent egg hatch for the The phospholipids from the various diets were 

parental and ten subsequent generations of stable separated into the following classes: sphingomyelin 
flies are summarized in Table 1. Flies fed FDBB-CS (SM), phosphatidyl choline (PC), phosphatidyl in
and FDBB-V exhibited significantly higher fecundity ositol (P1), phosphatidyl ethanolamine (PE) and 
(P = 0.05) than did flies fed fresh bovine blood. phosphoglyceride (PG). The percentages of total 
Among the flies fed the three porcine blood diets, phospholipids in each class are shown in Table 5. The 
there was no significant difference (P = 0.05) in re- concentrations of SM in the three bovine blood diets 
productive performance. The mean fecundity of flies were not significantly different (P = 0.050), but they 
fed on the FPB. FDPB-V and FDPB-CS was were significantly different in the three porcine diets. 
significantly greater than the fecundity of flies fed on All but FDPB-V contained less SM than was found 
any of the bovine blood diets. There was no difference in the three bovine bloods. Although there were 
in the percent hatch of eggs from flies fed on any of marked differences in the PC content of the blood 
the diets except FBB, which was significantly lower at diets, no correlation with fly fecundity could be made. 
74.2%. An interesting finding was the extremely high PE 

The cholesterol content of the FPB and FBB was content of the FPB; possibly there was a loss of PE 
significantly greater than that of the FDPB-V and from FDPB-V and FDPB-CS due to decomposition, 
FDPB-CS (Table 2). With a cholesterol content of since PE is quite labile. Also, since lyso PE migrated 
91.2-129.8 mg/dl, all the diets were within normal the same as SM, it was included in the percent SM. 
values for bovine and porcine blood. No correlation 
between cholesterol content of the diet and fecundity Table 3. Triglycertde content of blood diets 

of the flies can be made. T + SEM N =9 1 
Analyses of the triglyceride content of the various Diet (mg dl 

blood diets (Table 3) revealed several significant FDBB.V 360 - I3a 
differences (P = 0.050). The concentration of trigly- FDPB-V 36 7 , I (a.h 
cerides in FDPB-CS was at least two-fold higher than FDBB-CS 3W2 ±I 2a.b 
in any of the other diets. Even though FDPB-V FBB 417 2.9a.h 

FPB 74.2 - 2.5c 
FDPB-CS 174 5± 2.Od 

Table I. Reproductive performance of par- *Data follo4ed by a common letter are not 
ental and ten generations of stable flies fed significantly different (P = 0.05) 
on fresh or freeze-dried bovine and porcine 

blood 
Fecundity Egg hatch Table 4. Phospholipid phosphorus content 

Diet a, Egg of blood diets gg(06 

-
FBB 27.1a* 74.2a A' SEM (N = 9) 

FDBB-V 36.8b 87.1b -. Diet.mgidl) 
FDBB-CS 35.4b 91.2b FDBB-V 6.74 + 0.29a 
FPB 49.4c 87.8b FDPB-V 6,89 _ 0.32a.b 
FDPB-V 48.3c 91.Ob FDPB-CS 7.29 ± 0.21b 
FDPB-CS 50 Oc 93.6b FDBB-CS 8.52 015C 

FBB 8.92 + 0 20c 
flies. Data tn same column followed by FPB 9.29 ± 0.1k. 

a common letter are not significantly *Data follow~ed b, a common letter are not 
different (P = 0.05). significantly different (P = 0,05) 

*Data are means of eleven generations of 

,, a, 
'2 
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Table 5. Phosphoipid classe, blood. but the fecundity was reported to be less thaninblood diets 

. o totalphosphotipid: that of flies reured on fresh blood (DeLoach andDiet SM PC PI PEf PG Taher. 1983). However, in another report the fecun
44
FBB ,5a§ 40 2a 0 6a t.1a 84a dity of tsetse flies fed freeze-dried blood was reportedFDBB-CS 43.6a 399a I 8b 13 7Oa to be equal to that of 'lies fed on fresh blood (Wetzel,FDBB.V 40 O a 311lh 4.6h 6,5b 19h 1980). Freeze-drying is known4 84 to alter certain phys-FPB 24 4h c 4tb 169c I 6h ical and chemical characteristics of blood (DeLoach

FDPB-CS 32 "c 53'c 4 0c 
4

2 i t 46
 
FDPB-V 42 41 
 37 7a 47c 6 7b 23b and Holman. 1983: DeLoach. 1983). Considerable 
°Lyso PE migratcs [lie same asSM and is included in th-* SM effort has been devoted to improving the quality of
tPS migrates thesame asPE and i, included in the , PE freeze-dried blood for use in rearing tsetse flies (De
:Sphingomelin =SM. phosphoiidl choline PC. phophoirdsl Loach and 1aher, 1983: DeLoach. 1983). Additivesnositol eihanolamine PE. pho',photid.l and or processes have been found which increase the = PI;phophotlidt 

serine = PS phosphogl.ceride = PG 
§Dat. aremeans of three anal.ses and datafolloed hs a common digestibility and nutritional character of tilefreeze

letter in same column arenot ,ignilicanll., diIferent IP 0051 dried blood. Apparently. stable flies are not as dis
criminating as tsetse flies with respect to fresh or

PS was included in the PE total because of a similar freeze-dried blood, because in tests reported here
migration. stable flies were equal in fecundity when fed either

A complete fatty acid analysis of the blood diets is fresh or freeze-dried blood. With respect to FBB. the 
summarized in Table 6. The data represent an exten- reproductive performance of stable flies in the 7-9sive effort to ascertain differences between the fatty generation was unexpectedly low (Spates and De
acid content of the diets which could be correlated to Loach, 1985). This caused the average performance
fly fecundity However, no correlation could be of the parental and subsequent ten generations to be 
made. except for linolenic acid (18:3); the facundity lower than that found for either FDBB-V or FDBB
of adults (FPB, FDPB-V and FDPB-CS in Table I) CS.
which fed on blood diets containing lesser quantities The nutritional superiority of pig blood over that
of 18:3 was significantly greater than that of adults of bovine blood has been known for tsetse flies
which fed on blood diets containing higher levels (Langley et at.,1978: DeLoach and Taher. 1983) and
of 18:3. There is a strong negative correlation (r = now is well documented for stable flies (Spates and
-0.8396, r = 0.705) between the level of 18:3 and DeLoach. 1985). A separation of blood components
fecundity. and recombination of porcine erythrocytes with bo

vine serum, and bovine erythiocytes with porcine 
DISCUSSION serum, revealed that the nutritional differences were 

Adult stable flies reared 
attributable to both er,,throcytes and serum comon freeze-dried blood can ponents (Langley el al.. 1978: Mo!oo and Pimley.

have a fecundity equal to that of flies reared on fresh 1978: DeLoach and Taber. 19831. Combinations of
blood. Tsetse flies have been reared on freeze-dried porcine erythrocytes with bovine serum albumin 

Table 6. Fatt% acid content (mg dl) of blood diets 

Diets
Fatty acids FBB FDBB-CS FDBB-V FPB FDPB-CS FDPII.V 

10"0 4 I - 1S . 
12:0 0.25 (101 2.28 :0.24 0.03 (41- 0.55 1.00-0_ 
13:0 1.52 . 019 - 0.54. 004 1.39 :0.01
14:0 2.11 : 0.21 1.05 _018 - 0.42 10.02 -
X-1 1.98 - 0.85 1.17 -0.24 161 _ 064 
15:0 0.54 -0,06 055 - 10.1 
16:0 17,67 t2.50 1629 -222 7.32 -067 "244I 15 25(12:3.95 2.3-371
16:1 4.44 -060 329 - 036 3411 - 0.35 1 18 -022 1951 006 2 34 034
17:0 5 04 -.0 55 173- 006 086 -0 19 79 - 014 1158. 12 
X-2 1191 : 0 13 0154 - 0117 (30 0.28 0)0248 - 0132- Ii18 0 32.13 - 43' 26 88  3.02 1363 2_36 18.29 - 0 7, 21191 .253 211 . 289
18:1 39.74 - 25 2S 56 7 3.35 1574 1 39 37.36- 214 5225- 48S 4592- 645
18:2 41.64- .5.69 42114- 546 2' 1 4 39.29 _23 2149 -255S 22 I IS 
201 (1.74 - (It5 -. 3 29 - o 2(2 - 00(12 5 2 115" - 01t 18.3 4 - I 619: O.hh 3 31:0163 1,41 -(t1I 65 - )t)0I) l)2' 
20:1 31160 -0.50 - 
21:0 -- 2.86-1 015 - 

22:0 + 20:4 1.90 -0.54 1.69 _031 2.94 -070 008 1.69 0.39 0.09 
20:2 6.26 + 1.45 632: 1.37 - 8.77 0 ,"", 599 _ 0.71 -
X-3 3.37 065 1,14 029 . 
22:1 4.84 - 1.04 3.37 1.82 2.27.036 - 86 - 0 22 8.56 102 
20:5 142 - 0.09 
 - 1.76_ ()3S 2 64 -002 -
X.4 2.02:t075 097 * 0.14 1.68 0.24 0-163 _0 Itt I67 I1035 
22:5 2.82+ 0.95 424-097 . 
241  - 111 -008 1 19:-0 15 - 21:0.21 
22:6 171 -0.42 - 1.56 -I - 1.69_t00l5 167-.019 
X-5  - 2197 -422  8 035 
X-6  -2 is03 ...

Total 201.47+ .32.82 
 150.84: 1787 11795 - 14.53 13489-698 14247.- 1742 134.45: 12.05
 

The fatty
acidcontents of blood diet%arepresented mean _SD of Ihrcereplications. arepresented same order
as the Fattyacids tnthe 

tn ,shmch theirmethylester deri,,almses from thegaschromatoraph
elated 

Quantlation of theunknons sas based on thegaschromatographic response of thepreceding meth)lester 
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(BSA) and bovine erythrocytes with BSA revealed the RFFERENCES 
major difference in porcine and bovine blood was in Bauer B. and Aigner II. (1978) In ruro maintenance of 
the erythrocyte component (DeLoach and Taher, B. apd Ai . (1obinarid itera(Diptera.Ghvvina palpa/.% palpalr%(Robineau-Desvoidy) 
1983). Glossinidac). Bull. Eit. Re..68, 393 400. 

Nelson (1967a.b) evaltated phospholipid distribu- Bridges A. C. and Spates G.E (1983) Larval medium for 
tion in various mammalian erythrocytes and the stable (11, tL.). Southic.st. Ent.8,found Stoso.xs %ch'ttri. 
that porcine erythrocytes contained 26.5% SM. 6 10. 
23.3% PC. 29.70o PE. 17.81o PS. and 2.7,. other. Buckley J.T and Ha,,thorne J N. (1972) Erythrocyte 
For bovine 	 ervthrocvtes. the distribution was re- membrane polphosphoinositide metabolism and the reg

be SM. W)',, of J. bud. Chem. 247,ported to 46._, PC. 29.1Po PE, ulations calcium binding. 

19.3% PS. and 5.4°o other. Later. Buckles and la.- 7218 7213.
 

DeLoach J.R. (1983) Sonicaiion of reconstituted freezet e dried bosine and porcine blood: Effect on fecundity and9% Pl. The 	 phospholipid compositions of whole pupal weights of the tsetse 1%.Conip. Biochcm. Physiol. 

blood and freeze-dried blood reported here were 76A. 47-49.
 
expected to be different from that of the erythrocytes. DeLoach J.R. and lolman G M. (1983) An amino acid
 
due to the different lipids in serum. Since bovine analysis of freeze-dried bosine and porcine blood used for
 
erythrocytes are reported to have little or no PC. it in)ritro rearing of Glos.tna pilpais palpali.s (Rob.-Desv.).
 
issignificant that in; Conp. Biocheii. Phi.stol. 502.
whole bovine blood phospholipid 	 75A. 499 
content is 30-;0% P,7. Thus, on significant differ- DeLoach J.R.and Spates G.E. (1984) Hemoglobin and 
ence in bovire and porcine blood is the location of albumin diet for adult Stonioxvs calcitran.s and Glossina 
the PC "ihis raises an important question about the palpalis palpali.t. Southwest. Ent. 9, 28-34. 

DeLoach J.R. and Taher M. (1983) Investigations on 
nutri tonal superiority of porcine erythrocytes over development of an artificial diet for in ritrorearing of 
bovine erythrocytes. In previous tests with G. p. Go.ssina palpali. palpali.s (Diptera: Glossinidae) J. Econ. 
palpalis(DeLoach and Taher, 1983), porcine erythro- Ent. 76, 1112-1117. 
cytes mixed with 4.5%1 BSA was a better diet with Duck-Chong C. G. (1978) A rapid sensitive method for 
respect to fly fecundity than bovine erythrocytes determining phospholipid phosphorus involving digestion 
mixed with the same level of BSA. Since the two with magnesium nitrate. Lipids 14, 492-497. 
major differences in bovine and porcine erythrocytes Folch J.. Lees M.and Slogne Staneley G. H.(1957) A simple 

for the isolation and purification of total lipidsare the proportions of SM and PC,we suggest that method 
Chem. 226, 497-509.from animal tissues. J. biol.the locations of SM and PC in the blood components Hoffman R. A. (1968) The stable fly Stornoxys calcitrans 

may contribute to the nutritional superiority of por- (Linnaeusl: Biology and behavior studies. Ph.D. dis
cine blood. sertation. Oklahoma State University, Stillwater, OK. 

The five major fatty acids of bovine and porcine IvieG. W.and Wright .E. (1978)The fate ofdiflubenzuron 
erythrocytes are C16:0, 18:0, 18:1. 18:2 and 20:4 in the stable fly and house fly. J. Agric. Food Chen. 26,
 
(Van Deenen and De Gier. 1974). Moreover, the 90-94.
 
major fatty acid fractions in the membrane of eryth- Langley P. A.. Pimley R. W.. Mews A. R. and Flood
 
rocytes can be altered by changes in the diet. We M E. T. (1978) Effect of diet composition on feeding


digestion and reproduction in Gossina morsitlans.J. Insect 
found that the five major fatty acids of bovine and Phi.viol. 24, 233-238. 
porcine whole blood are similar to those reported for Moloo S. K. and Pimley R. W. (1978) Nutritional studies 
erythrocytes. All the diets except FBB exhibited in the development of ti rtiro feeding techniques for 
similar proportions of fatty acids. It is well known Glossina oiorsitan.s. J. Insect. Phrsiol. 24, 491-497. 
that fatty acids in the blood are a reflection of the Nelson G. J. (1967a) Lipid composition of erythrocytes in 
fatty acid composition of the animal diet. A high various mammalian species. Biochen, hiophys. Acta 144, 
concentration of C18:3 fatty acid in blood diets 221-232. 
causes increased mortality and is detrimental to the Nelson G. J. (1967b) Composition of neutral lipids from 
reproductive capacit, of tsetse flies (Moloo and erythrocytes of common mammals. J. Lipid Re.v. 8, 

374 379Pimley. 1978). In onl. one diet reported here did ve Spates G. E. 119791 Fecundity of the stable fly: Effect of 
observe a high concentration of C18:3 (linolenic soybean Irypsin inhibitors and phospholipase A inhibitor 
acid). FBB contained 4- to 8-fold more C18:3 than on the fecundit). Ann. Ent. Soc. Ani. 72, 845 849 
did either ofthe freeze-dried bovine blood diets. Also. Spates G. E. and DeLoach J R. (1985) Reproductive 
FBB contained 15 to 38-fold more linolenic acid than performance of adult stable flies (Diptera: Muscidae) 
did any of the pig blood diets. Perhaps the low when fed fresh or reconstituted freeze-dried bovine or 
fecundity observed in stable flies fed FBB is due to porcine blood. J.Econ. Ent. 78, 856-859. 
the high concentration of linolenic acid. Van Deenen L. L. M. and De Gier J. (1974) Lipids of the 
Our data suggest that differences inflyfecundity red cell membrane. In The Red Blood Cell, 2nd edn.
for orcineda sugg e t die s inay eunity Vol. 7. pp. 147-211. Academic Press. New York. 

for porcine and bovine blood dietsmay beduetotwo Wetzel H. (1978) The use of deep freezer. stored bovine 
factors: (I ) the location of phospholipid classes-that blood for inritrofeeding of tsetse flies. Z. Parasitenk 57, 
is, in the erythrocytes or the serum: and (2) the 163-168. 
unusually high concentration of C18:3 fatty acid in Wetzel H. (1980) The use of freeze-dried blood in the 
FBB. Further studies of these factors are needed to membrane feeding of tsetse flies (Glossina p. palpali. 
determine their relative importance. Diptera: Glossinidae). Tropenmed. Parasitol. 31, 259-274. 
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Reproductive Performance of Adult Stable Flies 
(Diptera: Muscidae) When Fed Fresh or Reconstituted, 

Freeze-dried Bovine or Porcine Blood' 

G. E. SPATES AND J. R.DELOACH " A / 

Veterinary Toxicology and Entomology Research Laboratory,

U.S. Department of Agriculture, Agricultural Research Service,
 

College Station, Texas 77841
 

'. Econ Entomol 78 856-859 (1985)

ABSTRACT The reproductive performances were compared of adult stable flies, Stomoxys

calcitrans (L.), fed fresh porcine or bovine blood or reconstituted, freeze-dried porcine or
 
bovine blood. Adult stable flies fed fresh or reconstituted, freeze-dried porcine blood ovi
posited significantly more eggs than adults fed fresh or freeze-dried bovine blood No decline
 
in fecundity was observed for adults maintained for 10 successive generations on fresh
 
porcine blood or on reconstituted, freeze-dried [porcine or bovine blood. However. fecundity

of adults maintained on fresh, heparinized bovine blood declined in later generations. The
 
data provide evidence that stable fly adults can be maintained successfully on reconstituted,

freeze-dried blood, and that porcine blood isnutritionally superior to the blood of cattle. 

MALE AND FEMALE stable flies, Stomoxys calci-
trans (L.), are obligate blood-feeders, and feed on 
a wide variety of hosts (Newstead 1906, Bishopp 
1913, Hafez and Gamal-Eddin 1959, Anderson and 
Tempelis 1970, Montv 1972, DuToit 1975, La-
Brecque et al. 1975, Howell et al. 1978. Presently, 
most laboratory colonies are maintained on fresh, 
nonsterile, citrated bovine blood (Dotv 1937, Bai-
ley et al. 1975), which can be obtained from a local 
abattoir, or they can be maintained by feeding the 
adults an small animals or livestock. No genuine 
attempts have been made to determine alternate 
sources of nutrients for adults because of this east' 
of maintenance 

Recently it has been reported that adult tsetse 
flies can be maintaned on freeze-dried bovine or 
porcine blood. Wetzel (1979, 1980) reported that 
Glossina palpals palpalis (Robineau- Desvoidv) fed 
freeze-dried blood performed as well as flies fed 
in vivo on the guinea pig with respect to fecundity
and offspring weights; however, there was a de-
cline in pupal weights through successive repro
ductive cycles. This decline in pupal weights may 
have been due to elevated rearing room temper-
atures, according to observations of DeLoach and 
Taher (1983). Therefore, they reassessed the re-
productive performance (fecundity and pupal 
weights) of adult tsetse flies fed freeze-dried blood 
alone or fed bovine serum albumin (BSA) or eho-
lesterol. DeLoach and Taher (1983) observed that 
the reproductive performance of adults fed freeze-
dried blood was lower in comparison to that of 
adults fed on guinea pigs. The addition of BSA to 
freeze-dried blood improved the reproductive per-

'This article reports the results ofresearch oil 'nui,n of a 

formance, whereas the addition of cholesterol had 
a negative effect. 

No studies have been conducted to determine 
whether or not stable flies can be maintained on 
freeze-dried blood or on fresh porcine blood. If 
adult stable flies can be successfullv maintained on 
freeze-dried or porcine blood, the dependency on 
fresh, citrated bovine blood would be eliminated, 
especially for mass-rearing methods. The use of 
freeze-dried blood would also enable investigators 
to maintain colonies of stable flies in areas where 
fresh bovine blood is not readily obtainable, and 
alleviate the need for maintaining laboratorx an
imals or livestock for feeding the parasites. 

This study was undertaken to determine if adult 
stable flies could be maintained on freeze-dried 
blood and to evaluate their reproductive perfor
uiance bv monitoring fecundity and egg hatch. 
The resuits are reported herein. 

Materials and Methods 

Stable flies used in these studies were taken from 
a colony maintained at our laboratory since 1969. 
Detailed conditions for colony maintenance and 
egg collection have been described (lvie and 
Wright 1978). The larval rearing method was 
modified in 1979, as described by Bridges and 
Spates (1983). 

Blood diets used in these studies were as follows. 
Freeze-dried bovine blood (FDBB ICSI) arnd freeze
dried porcine blood (FDPB [CS]) were prepared at 
College Station, Tex. Freeze-dried bovine blood 
(FDBB [Vien.]) and freeze-dried porcine bloocd 
(FDPB [Vien.i) were prepared in Vienna, Austria. 
Fresh, heparinized bovine (F1B) and porcine blood 

proprietary product does riot c',stitute euidorseinerItor reconi-(FlI1)) was from College Station. Blood used for 
merudation f its Yse bv USDA freeze-drying was obtained front slaughterhouses

tilc din SCI APR 10 Off0856 C,< 	 6 v': -7-1/, 
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Table I. Fecundity of female stable flies fed on fresh
whole blood and reconstituted, freeze-dried whole blood 
and subsequent egg hatch1 

Blood meal Eggs day,, Ilatch (17) Total eggs 
counted 

Fli P 56377 0.9a 886 - 2.3 34.1M
 
FDPB [Vien ] 51:3 _3.4a 947 11 28,900

FDPB [CS] 509 0.7a 928 17 28,400 

FDBB [CS] 42.3 _ h51) 94,3 ± 18 24.100
 
FHB 392 =101) 93:3 = 1I 22,100)1

FDBB IVien 1 37.5 0.81) 959 ± 11 21,100 


Means within a coltmn followed bly the satine letter are not 
significantly different (P < 0.05; for fecundity data, n = 4, w = 
7.9; Tukey's multiple comparison procedure). No significant dif-
ference in percent egg hatch. 

in Vienna, Austria, and from College Station, Tex. 
Blood was freeze-dried on the dates collected ac-
cording to the procedures of Wetzel (1979). Freeze-
dried blood was reconstituted in distilled water at 
a water-to-blood ratio of 4.1:1. Enough blood was 
reconstituted to feed each generation of adults, 
and kept frozen in small culture tubes (1.5-mI ali-
quots) at -20oC. Before feeding, blood was thawed 
and warmed to 30'C. Flies were allowed to feed 
to satiation from dental rolls saturated with blood 
(Ivie and Wright 1978). 

To establish base-line fecundity data for the 
perfcrmance of stable flies ott freeze-dried blood, 
two groups of newly emerged adults (5 males, 10 
females) for each diet were randomly selected and 
placed in small plastic cups (9 cm diam by 7 cot 
high) with qvreened tops and bottoms. They were 
fed 24 I later and dai!', thereafter for 12 days. O,1 
day, 5, the males were remov,,d and discarded. The 
females %v,rF placed in clean cages and oviposition 
was initiated the same day. Thereafter, females 
were allowed to oviposit dailh for the next 7 days
and mortality of females recorded. This procedure 

was 
replicated four times. To determnine the per-
formance of stable flies on freeze-dried blood, three 
groups of adults (6 males, 12 females) for each diet 
were chosen from the stock colony and fed the 
respective diets for 10 consecutive generations.
Feeding and handling of adults was as previousl] 
stated, with one exception: (X) eggs were taken 
from the second or third oviposition and placed 
on rearing media for the succeeding generation. 
When adults of this generation emerged, they were 
placed on tile same diet as were succeeding gen-
eratiols. During generations 7 to 10. some adults 
from each generation were fed citrated bovine 
blood (the food source for the original colony) and 
their fecundity was ascertained. In these studies, 
fecundit' was measured by counting all eggs ovi-
posited; iatchability of all eggs was determined 48 
h after each oviposition, 

Data were subjected to an analysis of variance 
using a repeated measure design (W\iner 1971).
The conservative degrees of freedom test (as dem-
onstrated in Winer [1971]) was used to judge sig-
nifica.tce because of possible variance-covariance 

_ 

I 

iI .. 
o11M I .W 11slt -p 1 I. 1 FOPPIC¢.1 

OLOODMEAL DIETS 

Fig. 1. Fecundity of adult stable flies maintained cn 
reconstituted, freeze-dried, and fresh blood for 10 con
secutive generations. 

matrix assumption resolutions associated with re
peated measured designs. 

Results and Discussion 

The base-line reproductive performance and 
percentage egg hatch from stable flies fed recon
stituted or fresh, heparinized blood are summa
rized in Table 1. Fecundity of adults that fed on 
FHP was significantly higher than the fectindity 
of adults that fed on FHB (P < 0.05). Females 
that fed on porcine blood oviposited an average of 
53 eggs per day and the average for females that 
fed on bovine blood was about 39.7 per day. The 
fecundity of females fed bovino blood in this study 
compares favorably with previous reports for this 
colony of stable flies. Spates (1979) reported that 
this colony oviposited an average of 603 eggs dur
ing a 16-daN (extrapolated data) period (7 to 22 
days postetnergence). Females used in this study 
oviposited an average of 303 eggs per female in) 
an 8-day period (5 to 13 days postemergence). 
There were no significant differences in the per
centage egg hatch between adults fed on any of 
the various types of blood. It may be noted that 
females fed fresh porcine blood had the highest 
fe,:unditv but had the lowest egg hatch. 

Ten successive generations of adults were main
tained on reconstituted, freeze-dried, and fresh 
blood with varying degrees of success. The fecuri
3ity for 10 generations of females L shown in Fig 
1, and a sunmmary of fecundit% and egg hatch is 
given in Table 2. Surprisitngl , females mainta:,',d 
on FHB exhibited the poorest reproductive per
formance, particularly for generations 6 to 10. The 
mean number of eggs oviposited per day per fe
male with FHB was 501 less than on reconstituted 
porcine or fresh porcine blood. In fact, stable flies 
maintained on porcine blood had significantly 
higher fecundities than did flies maintained on bo
vine blood (Table 2).

Tab!e 3 summarizes data on the reproductive
performance of females taken from generations 7 
to 10, when fed citrated bovine blood. All females, 
except those that had been maintained on fresh 
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Table 2. Summary of statistical analysis of the fecun-
dity and egg hatch data on female stable fliesthat were 
maintained for 10 consecutive generations on reconsti-
tuted, freeze-dried blood or freah heparinized blood 

Mean 
Blood meal hatch (9 

FDPB [CS] 50Ua 93.6a 
FHP 49.4a 87.Sa 
FDPB [Vien 1 48 3a 91.Oa 
FDBB [Vien.1 36.8b 87. 1a 
FDBB [CSI 35.4b 91.2a 
FHB 27.Ic 74.2b 

Means within a column followed by the same letter are not 
significantly different (P < 0.05: for fecundity data, n = W., 
6.35; for percent hatch, n = 33, U)= 6.07; Tukey's multiple com-
parison procedure). 

bovine blood, averaged more than 30 eggs per day. 
The highest reproductive performance involved 
females that had been maintained on reconstitut
ed, freeze-dried porcine blood from Vienna, and 
the lowest reproductive performance was shown 
by the group that had been maintained on fresh 
bovine blood. Egg hatch exceeded 82% for all 
groups, except the one that had been maintained 
on fresh bovine blood, 

Our data indicate that stable flies can be main-
tained on freeze-dried blood without any apparent 
loss in fecundity or egg hatch. Freeze-dried blood 
used in our study was taken from random lots that 
DeLoach and Taber (1983) prepared and used for 
their tsetse fly studies. However, our study was 
conducted at a later date. Although DeLoach and 
Taher (1983) observed that tsetse flies fed freeze-
dried blood had reduced fecundity and smaller 
offspring in comparison to tsetse flies that fed in 
vivo on guinea pigs, our study revealed that the 
fecundity and egg hatch of stable flies fed freeze-
dried blood was equal to or higher than the fe-
cundity and egg hatch of adults fed fresh bovine 
blood (Tables 1 and 2). J. R.DeLoach and S.E. 
Kunz (personal communication) were unable to 
maintain horn flies on freeze-dried blood because 
of high adult mortality. From previous studies with 
horn flies, stable flies, and tsetse flies, it is evident 
that blood meal diets that are adequate for one 
blood-feeding dipteran may be insufficient or to-
tally inadequate for a related species. 

Also, our data indicate that porcine blood is nu-
tritionally superior to bovine blood because 1) fe
male stable flies that were fed the porcine blood 
initially oviposited an average of 25% more eggs; 

after 10 successive generations on the respective
2)
blood diets, females fed porcine blood oviposited 

an average of 32% more eggs; and 3) of the fe-
males from generations 7 to 10 re-evaluated on 
citrated bovine blood, those from the groups fed 
porcine blood oviposited an average of 21% more 
eggs than did those from the groups fed bovine 
blood. It is well known that porcine blood is nu-
tritionally superior to bovine blood as tsetse fly diet 

Table 3. Reproductive performance of adult stable flies
 
fed on six different diets when subsequently fed citrated
 
bovine blood
 

Blood meal diets Mean h 

ofparent
 
generations' Eggs/day/9 Egg hatch (9) 

FDPB IVien.] 399 ± 4 28a 84.89 ± 11.22a 
FHP 38.28 t6.72ab 82.30 ± 9.02a 
FDPB [CS) 3.362 ± 4.151 91.00 ± 5.98a 
FDBB iCSI 3.3.96 ± 6 70b 83.72 ± 9.99a 
FDBB [Vien.] 3022 = 9.46bc 89105 - 7.52a 
FHB 23.84 ± 5 08d 73.60 ± 13.89b 

Means within a column followed by the same letter are not 
significantly different (P < 0.05 for fecundity data. n - 12, Lo= 
4.74; for percent hatch. n = 12,w = 8.20. Tukey's multiple com
parison procedure). 

Adults were maintained for 10 successive generations on the 

respective blood meal diets; some of the adult progeny of the 7th 
to loth generations were re-evaluated by feeding them citrated 
blood collected from the local slaughterhouse. 

bMeans of two groups of 12 females from the 7th to loth 
generations 

and several suggestions have bee.n made to explain 
this phenomenon. Langley et al. (1978) suggested 
that the nutritional superiority of porcine blood is 
due to a property of the blood itself and not to the 
quantities of blood ingested by the tsetse fly. Moloo 
and Pimley (1978) suggested that the inferiority 
of bovine blood for in vitro feeding of the tsetse 
fly is due to a small deficit of proteins, since ad
ditives such as linoleic acid, amino acids, or vita
mins were ineffective in overcoming this deficit. 
DeLoach and Taber (1983) believed that the dif
ference in response of Glossinaspp. to porcine and 
bovine blood may be due to lipid compositicn. 

The reproductive performance of adult stable 
flies that were fed reconstituted, freeze-dried por
cine and bovine blood exceeded our expectations; 
their fecundities were equal to or greater than those 
previously reported for this strain of stable flies 
(Spates 1979). However, the decline in fecundity 
of the later generations of flies fed fresh, heparin
ized bovine blood was not expected (Fig. 1). Egg 
hatchability of these generations also declined (un
published data). The maximum reproductive ca
pacity of the stable fly has not been determined, 
but conceivably, maximum fecundity may have 
been attained with the fresh porcine blood. 
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Abstrat-I. Batches of freeze-dried pig and cow blood, whose nutritional value to G.p. palpalis ranged
from low to near optimum, were analysed for amino acid, triglyceride and cholesterol content.

2 The results of the chemical analyses vere compared with the nwtritional quality parameters observedwhen each batch of blood was fed to G. p. palpalis in an attempt to establish a chemical basis for the 
nutritional quality of diets for Glossina.

3. In general, those pig or cow blood diets that had ahigher nutritional quality also had a significantly
higher amino acid content than the suboptimal diets. 

4. There were significant differences between the triglyceride and cholesterol content of pig and cow
blood, with pig blood having more triglyceride, but less cholesterol than bovine blood.

5. There was no apparent correlation between 
nutritional quality of blood. 

INTRODUCTION 

In the past attempts have been made to improve the 
efficiency and flexibility of artificial methods of feed-
ing Glossina. The flies can now be fed in vitro on a 
variety of blood products or derivatives, including 
fresh defibrinated blood (Mews et al., 1977). recon-
stituted freeze-dried blood (Bauer and Wetzel. 1976) 

the triglyceride and cholesterol content and the 

1978) or freeze-dried (DeLoach and Holman, 1983) 

bovine and porcine bloods, there is no nformation 
available on the relationship between nutritional 
adequacy and specific chemical components of tsetse 
diets. Such information would be useful for establish
ing a biochemical basis of nutritional quality, for 
formulating synthetic diets and for improving sub

and. more recently, synthetic diets (Kabayo et al.,optimal diets.
 
1985). The variability and difTerences in the nutri- Protein is the main nutritional component in verte

1985. Th vaiabiity he ntrttional quality of blood nd brate blood. the exclusive source of food for tsetsefrom different sources have flie am 
generated: i) concern amongst those wishing to flies,mounting to about 90",, of its dry wt (Altman
standardize or optimize productivity in tsetse fl.,and Dittmer, 1961). It is probable that the .minoacid 
mass-rearing operations, and (ii) a great deal of 
interest among scientists insearch of a quantitative 
and qualitative correlation between the chemical 
composition of diets and their nutritional value to 
tsetse flies. 

The nutritional superiority of pig blood to cow 
blood observed for most species of tsetse (e.g. Mews 
et al., 1977) and the known nutritional quality vari-
ability between different batches of blood have neces-


sitated that quality control tests be conducted on
small groups of flies by which the suitabilit, of each 
batch of blood isascertained before the blood can 


be used to feed main colony flies (Van der Vloedt, 
in preparation). Attempts have been made to deter
mine the nutritional value of specific blood com-
ponents (Kabavo and Langley. 1985). but apart from 
the indirect evidence for the nutritional requirement
of lipids deduced from deletion studies (Kabayo.
19R2: Kabayo and Langley. 1985) and the compara-
tie amino ;--id analysis of fresh (Moloo and Pimles. 

*ATP. adenosine triphosphate disodiurn salt. Merck. wa'. 
added to the diets isa phagoitimulant at i liial 
concentration of 10 'mol I before the flies %%ere fed.
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composition of tsetse diets has a direct influence on 
the nutritional properties of blood products of which 
they form the major components. In addition, since 
the nutritional importance of lipids for the re
productive physiology of tsetse has been suggested 
(Kabayo. 1982: Kabayo and Langley. 1985). itis 
possible that lipids too could be indices of nutritional 
quality. In the present investigation attempts were 
made to relate the amino acid. triglyceride and 
cholesterol composition of batches of freeze-dried
 
blood to the differences in nutritional quality ob
served when the different batches of blood were fed 

to Glo.sina palpali. palpalis. 

MATERIAl. AND METiODS 
D'iv, and li'eding e.spertoienot 

Different batches of freeze-dried pig and cow blood 
(collected from a commercial abattoir. detibrinated and 
freeze-dried on separate occasions) were each reconstituted 
in distilled water at a concentration of 24.39",. irradiated(100 krad). supplemented with ATP* and fed to groups of 
G.p. palpal.i females. For each batch of blood tested. two 
groups, each of 15freshl. emerged female G.p.palpalo were 
set
up and fed five times itseek for 25 days. All handling.
maintenance conditions and rearing procedures were as 

C7- & 
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previously described (Van der Vloedt. 1982). The number. 
mean weight of puparia deposited and the survival of flies 
fed each batch of blood were recorded. 

Amino acd anal.s-s 
Total amino acids in each of the freeze-dried blood 

samples were analsed according to standard procedures for 
a Beckman Model 121 amino acid analIser. Tryptophan 
was not determined. - Ci i 

Lipid e.\iraction and anal.vs 
With the exception of acetic acid and diethylether all 

solvents were redistilled before use. Silica gel (20 x 20cm, 
250Am thick) Type H thin-laser chromatography plates E 
(Analtech, Newark. DW) were used. Prior to use, the TLC 
plates were activated by heating n an oven at 110 C for . 
40 min.TLC and gas chromatography standards were pur
chased from Supelco. Inc.. Bellenfonte. Pennsylvania. ex
cept triglycerides, cholesterol and cholesterol esters., which V 
were obtained from Sigma Chemical Co., St. Louis. Mis- 2
souri. Reagent kits for the determination of triglycerides 
and cholesterol were obtained from Dow Diagnostics. Indi

-

anapolis. Indiana and Worthington Diagnostics, Freehold. 
New Jersey. respectively. , 

Lipid extractions were carried out on 
of each of the reconstituted (20",,. wv. 

two 15 ml aliquots 
in distilled water) 

freeze-dried pig and cow blood samples using ice-cold 
methanol and chloroform according to the method of - , 
Spates and DeLoach (1984). The ex' icted lipids were 
subsequently used in quantitative estimations of tri
glycerides and cholesterol and in analyses using thin-layer 
and gas chromatograph\ techniques. 

Triglycerides and cholesterol were estimated by enzymatic 
procedures (using Dosv Diagnostic and Worthington Diag
nostic reagent kits. respectiselhl on a Gillord System 3500 
Analyser. Duplicate samples each of I0 and 200/l aliquots - -

of the chloroform:methanol (2:1. v v) extracts were evapo
rated to dryness under nitrogen and each sample residue was 
taken up in 200 ,l isopropanol and subsequently analysed C T 
separately for triglsceride and cholesterol. Standards con
taining known amounts of triglyceride of cholesterol. dis
solved in isopropanol were similarl] analysed and used to :. 
calibrate the values obtained for the extracted lipid samples. . -

Thirty microliters of each of the lipid extracts and stan- . 
dards were separately streaked onto activated Silica gel 
thin-layer plates under a stream of nitrogen. The plates E 
were eluted with n-hexane:dieihvlether:acetic acid 1 
(60:40: 2.v v). The separated lipid classes were 
iodine vapour and then photographed. 

stained with . 
-

,-, 1! q C 
rI-

Six hundred microliters of each of the lipid extracts was 
mixed with in 1.5 ml 10",, potassium hydroxide and hvdro- . 
lysed by heating on a waterbath for 30 min.The h.drolysate -

was neutralized %itha 4.5 m IN HCI following which the - el

entire mixture wa,, extracted twice Aith 4 ml petroleum 
ether. The petroleum ether extracts ",ere evaporated to 
dryness under nitrogen. then the residue was taken up in 
I ml petroleum ether, mixed with 0.5 ml diazo-methane and 
left to stand for 20 min. The methylated fatty acid esters -+I 
were dissolved in petroleum ether and analysed by gas : ", -

chromatograph on a Tracor MT 220 GC instrument E. E 
equipped with a 1.83 x 6.3cm glass column packed with .7 21 
10",,SP-2330 (10 120 mesh) supelcoport (Sup'lco. Inc.). -

Haenioglobin anidph.swal parameter.s 
Each diet was analysed for haemoglobin bN the cy

anomehaemoglobin method with a Coulter Electronics Hae
moglobinometer (-lialeah. Floridel. The osmotic pressure of 
each reconstitu':d diet was determined with a vapour 
pressure osmometer (Wescor Inc.. Logan. Utah). Total 
particle counts and particle sizes were determined with a 
Coulter counter equipped with a computenzed channel 
analyser (Coulter Electronics. Hialeah. Florida). 
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TtIl 2 Triglsceride an) dihileirvolhoenit oldiller.'u lhblt:es oIhte,.c-dried pip and co%%bioodl 

Ilg hlui.....unlpes (o" hhou ildlnple, 

Parameter I 2 3 4 5 6 I 2 3 4 5 6 
Triglyeeride (mg gi 3.62 3$S 4 11 4.50 329 478 2 8 292 224 2 6l 315 2.65 
Cholesterollmg g) 455 46 561 5.69 4 76 4.97 639 584 624 7.65 7.5(0 643 

RESULTS blood. There were variations in the fecundity (pupae 
deposited per initial female) and in the mean puparial

The performance of groups of G. p. palpafis fe- weights for flies fed different batches of either pig or 
males fed different batches of freeze-dried pig and cow blood. 
cow blood is shown in Table I. Flies fed on pig blood The triglycleride and cholesterol content of the 
in general had heavier pupae than those fed cow different batches of pig and cow blood is shown in 

Pigblood diets t1-6)
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Fig. I. Amino acid composition of pig blood diets 1-6. In general the nutritional quality of these dietsincreased in the order 1-6. 

Cow blood diets 01-6) 
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Fig. 2. Amino acid composition of cow blood diets I 6 ]it general the nutritional quality of these diets 
increased in the order I 6. 
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samples appear to have a higher content of tri-, di
monoglycerides than cow blood samples. 

Haemoglobin concentrations in all the pig and cow 
blood batches were quite constant (Table 5). The 

pressure was not different between cow and 
blood. Particle counts were slightly higher for co%% 

blood than for pig blood. Particle size was the same 
for both bloods. 

CUSSION 

In order to understand the nutritional require
ments of insects, consideration must be given to the 
relationship between the chemical composition and 
nutritional quality of their diets, more especially
when the insects in question are specialized, restricted 
feeders such as species of Glossina. which feed exclu
siveh, on %ertebrate blood. Although the general 
composition of mammalian blood is known (Altman 
and Dittmer. 1901). it us also known to %ar a great 

depending on the age. sex. physiological states. 
etc of donor animals. lurther variation in the com-
Oltion of blood used as in v'tro diets 0 f' (;Io.vinu 

ma. originale during collection. storage or handling. 
chemical or nicrobiological contaminants andmodification b%physi.:al factors. It is hkel that 

such variations in the composition of blood may be 
the cause of thc variabilit observed in the nutritional 
qualit, of blood from different sources. 

The present results attempt to correlate differences 
between chemical composition differences and nutri
tional quality differences observed for different blood 
batches and are suggestive of the possibilit. that the 
nutritional qualit of Ghssina diets could be chem
icall. defined. DeLoach and Spates (1984) used 
amino acid analysis data in attempt to explain the 
nutritional value differences between haemoglobin. 
serum albumin and whole blood as diets for Sto
mox.vs ca/citrans and G. p. palpalis. In the present 

Table 2. There are significant differences (i-test 
P <0.05) between the triglyceride and cholesterol 
content of pig and cow bloods, with pig blood 
containing more triglceride but less cholesterol than 
cow blood. There is no apparent correlation between 
lipid content (triglceride or cholesterol) and the 

quality of the different blood batches.
The total amino acid content of the different 

freeze-dried blood samples is shown in Tables 3a and 
3b and in Figs I and 2. There were only slight
differences between the amino acid content of pig and

blood batches, with pig blood having only 
more aspartic acid. isoleucine. half

cystine. leucine and proline. In either pig or cow 
batches of blood there was a general tendencv 

for those blood batches with high nutritional quality 
parameters to have a higher amino acid content. 

The results of the gas chromatographic analysis of
the total lipids extracted from the different bloodare shown in Table 4. and Figs 3 and 4.There 

Isasignificantly higher proportion of the longer chain 
fatty acid components in cow blood than in pig
blood. There isno correlation between the nutritional 

properties of the batches of blood and their 
fatty acid composition. 

The results of thin-layer chromatograph, of thetotal lipids extracted are shown in Fig. 5. Pig blood 
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Table 4 % Areas it' GC peaks horpig and co" blood lipidN atdillerent retention tines 

Retention times Chenical PIlg blood sample o%%blood s.lmples 
_0.4 min struclure 2 3 4 5 2 3 4 5 

14.25 	 C14 0.311 o 967 04997 44264) 0 520 4 247 1698 1456 
15.19 - (1479 4)587 4293 01337 0429 100S 0,531 
1644 0.102 )139 0 166 
16.93 	 0525 0 394 0.659 
17.69 0.123 0 356 4IX9 0 184 0,219 4426 40609 067S 
18.96 	 0 IS9 0309 0 146 0.205 
20.22 	 C16 18323 1 779 46 I5 INNIS 12249 7653 7841 7 168 
21.84 	 C16: 1 1.460 1732 1465 14997 2,341 2 34 2 448 1.925 
22.71 	 C18:0 0821 0466S 0444 0 524 0 929 11936 4 927 
24.25 0.601 0.315 031 ()199 4 237 0561 44442 0 055 

% peak area 25.36 15.076 144421 12613 15462 14670 14 373 14 869 14.(M 
26.79 	C19:0 

CIE:1 32.151 30094 27591 26918 23964 21.231 21.308 17430 
28.91 	 C18:2 19.992 21.270 21.389 20.161 22417 25461 24398 27.411
 
30.34 	 C20:0 0.221 0.174 0205 0.14' 11.182 0.191 0.173 [Y.122
 
31.30 	 C18:3
 

C20:1 0.569 0.750 0.866 0587 1'813 2522 2.098 1.899
 
33.95 0.053 0.189 0.364 41342 (43N3 0549 4428 0435
 
35.18 	 C22:0 

C20:4 0.691 0.966 0.972 0959 0.876 1.303 1.726 1.189 
36.56 	C22:I 

C20:5 7.657 5.914 6.623 6.512 6.357 4.628 4.207 3.900 
37.57 - - - - 0.461 0.634 0.707 0.787 
39.31 0.449 0.479 1.592 1.264 0893 1.166 1.057 1.055 
42.25 	 C22:4 

C22:5 0.601 0586 0.757 0.662 2.715 5.349 3.903 10.179 
46.57 0.851 0.986 1.163 0.922 1.304 0.462 0.324 0.294 
48.47 0.577 0.584 0,410 0.768 - - - 
50.33 - - 0.541 0.293 1.513 2.539 1.231 1.055 
55.08 	 C22:6 ND 0437 2.419 1.369 4.962 6.072 7.194 5.223 

* areas calculated for peaks corresponding to retention Other peaks not considered. times of 14-55 mm. 

Values for pig and cossblood samples I and 6 not included.
 

studies, diets (pig or cow blood) which were shown to is little information on evaluation of proteins in foods 
have high nutritional quality in general also had high of insects. Bursell and Taylor (1980) measured the 
amino acid content. There is extensive literature on ciergy values of ,ertebrate blood as a means of 
the nutritional evaluation of proteins or protein- assessing equivalence between metabolic inputs and 
containing feeds for mammals (e.g. Munroe and outputs. but they did not compare the energy values 
Allison. 1964; Campton and Harris. 1970). but there of blood samples with different nutritional qualities. 

%Areas of GC -peaks for pipand cow blood lipids 
40 
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30 

14.3 164 177 202 227 254 289 313 352 376 42.3 485 55 1 
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Samples
 
I t "? lZ~3 1 4
 

Fig. 3. °o Areas of gas chromatography peaks for pig and cow blood lipids at various retention times. 
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Table 5 Ilicnotohiri iudph%,I.,il para mters o' fre,.c -dried p!.!and cow.bloods 

Free.-dred .iciniloiln pressure 
 Parlicle count Partlitle siteblood samples g " mO,,nOkg 1I) 1ml I"' 
Pigblood I 132 282 [.96 419Pig blood 2 14(0 11) 182 45.6Pig blood 3 144 318 2 07 396
Pig blood 4 161 3013 262 52.3
Pig blood 5 14.1 293 I 97 414Pig blood 6 14 3163 I6,7 410 
Cow blood 1 130 316 244 5i 6Cow blood 2 13.9 283 3103 39A
Cow blood 3 138 293 2.53 38.0
Cow blood 4 14.5 283 284 53.8Cow blood 5 13.3 312 2.98 34.7 
Coy,blood 6 11.9 307 2.49 364
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196. 
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lipids has so far been inferred from diet deletion press)
studies. Ftoever. when synthetic diets incorporating 
 Kabayo J P. and Langle*v P. A. 119851 The nutritionalvarying concentrations ofliposome-borne cholesterol Importance of indis dual blood components to G.ti
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associated with higher concentrations of cholesterol 
 MGinis A. J.and Kasting It. (19721 Protein esaluation in
(Kabayo and Taher. unpublished observations), and heplication in Eiologt and Pesi Management (Edited by 

insect diets. In Inect and lti Nutrition. Significance and

flies fed freeze-dried bovine blood supplemented with 
 Rodriguez JG.I. pp. 57-71. North Holland. Amsterdam.cholesterol were shown to have lower fucundity than Me"s A. R.. Langle%P.A.. Pimley R.W.and Flood M. E.those fed control diets (DeLoach and Taller. 1983). 11977f Large-scale rearing of tsetse flies (Glossina spp.) in 
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