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Hematologic Manifestations of Lysine Deficiency in Swine.* (23919) 
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Lysine deficiency has been produced experi- 
mentally in rats and swine by feeding diets 
deficient in lysine(l), by feeding diets con- 
taining “deaminized casein’’ as a source of 
protein(2,3), and by feeding diets low in ly- 
sine to which hexahomoserine ( 6-hydroxy-DL- 
norleucine) , a lysine antagonist, was added 
(4-7). Under all of these conditions anemia 
was observed. In rats Smith and Stohlman 
( 3 )  found a macrocytic megaloblastic type of 
anemia, whereas Gillespie, Neuberger and 
Webster(1) reported that the anemia was 
hypochromic. The morphologic characteris- 
tics of the anemia in swine have not been re- 
corded (6). 

The purpose of this report is to describe 
the hematologic manifestations of lysine de- 
ficiency in swine. 

Methods. Twenty-three swine of the Ches- 
ter-White breed were housed in individual 
cages and were started on the experimental 
diet a t  3 weeks of age. The diet consisted of 
yellow corn, 71.1%; cottonseed meal, 2 5 % ;  
salt mixture 3.8 % ; terramycin feed supple- 
ment (Bi-Con TM l o ) ,  0.1%; and a B vita- 
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min mixture, 0.02%. The diet was fed in an 
amount of 35 g/kg of body weight/day. In 
addition, all animals received 10 mg of chdine 
chloride/kg of body weight daily, and 3000 
units of Vit. A, 600 units of Vit. D, 1 mg of 
Vit. E, and 1 mg of Vit, K/kg of body weight 
by mouth each week. The salt mixture con- 
sisted of calcium carbonate, 1.5 g;  calcium 
phosphate, 1.4 g ;  sodium chloride, 0.5 g; iron 
citrate, 0.3 g ;  manganese sulfate, 0.04 g ;  zinc 
chloride, 0.03 g ;  copper carbonate, 0.005 g;  
and cobalt carbonate, 0.0006 g. The B vita- 
min mixture consisted of the following (mg) : 
thiamine hydrochloride, 0.2 5 ; riboflavin, 
0.12 ; nicotinic acid, 1.20; pyridoxine hydro- 
chloride, 0.20; calcium pantothenate, 0.50; 
inositol, 0.20 ; para-aminobenzoic acid, 0.10; 
biotin, 0.10; pteroylglutamic acid, 0.10; and 
cobalamine, 0.01. Five pigs were given hexa- 
homoserine ( 6-hydroxy-DL-norleucine) after 
they had been taking the experimental diet for 
112 days. The hexahomoserine was added to 
the diet in an amount of 0.5% of the diet. 
The control animals were fed a casein, sucrose, 
and lard diet which has been described previ- 
ously(8). Plasma iron was determined by 
the method of Hamilton, et  a L ( 9 ) .  Plasma 
copper was determined by the method of Gub- 
ler, et aE. ( 10). Serum protein estimations 
were performed by a modification( 11) of the 
method described by Weichselbaum ( 12). 
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TABLE I. Suni i i iaq of Observations. 

Determin:itioii ,--Colitrol group-, --- Corn diet-, hexaliomoserine 
Corn diet + 

18 

fi.31+ .74 ( 4.4- 7.2) 

10.3 & 1.42 ( 7.4- 12.2) 

3 1  * 3.2 ( 23 - 36 ) 

31 3.5 ( 46 - 57 ) 

I ;  1.3 ( 14 - 20 j 

:{;< & 1.3 ( 31  - 35 ) 

2.8 & 1.38 ( 1 - 8 ) 
1.7.:3 lir i . 17  ( 8 - 33 j 

I t i O  2 3 4 . 5  (116 -212 ) 
118 & I 6 2  (126 -177 ) 

4 . i 4 k  .31 ( 4.2- 5.3) 

l .(i3& .42 ( 1.1- 2.1) 

5 

3.90 ( 2.8- 4.7) 

6.8 ( 4.9- 8.5) 

2 1  (15 - 27 ) 

54 (52 - 58 ) 

1 7  (17 - 18 ) 

32 (31 - 33 ) 

-9 ( 0  - 2 )  

9.3 ( 6 - 12 ) 

156 (61 -290 ) 

157 (84 -185 ) 

3.82 ( 3.3- 4.2) 

1.40 ( 1.3- 1.5) 

Hemoglobin was determined as cyanmethemo- 
globin by the use of a photometer. 

Results. The hematologic observations are 
summarized in Table I. All of the animals 
mere anemic after 4 weeks on the corn diet. 
The anemia was mild in degree and constant 
in severity with little tendency to progress 
with time (Fig. 1 and 2 ) .  The morphology of 
the erythrocytes was within normal limits, as 
were the reticulocyte, leukocyte and plasma 
iron values. A moderate but significant de- 
gree of hypocupremia ( t  = 4.7: P<.OOl) 
and hypoproteinemia ( t  = 6.9: P<.OOl) 
were present. The hypoproteinemia was due 
to a reduction in serum albumin. 

Bone marrow differential counts on smears 
obtained from aspirated material were within 
normal limits. Histologic sections of sternal, 
rib, vertebral and femoral bone marrow, liver, 
lymph node, spleen, heart and skeletal muscle 
were prepared from 3 untreated pigs and from 
one pig treated with lysine. Examination of 
the bone marrow sections revealed normal cel- 
lularity . No significant histologic abnormali- 
ties were noted in the other tissues examined. 

Six of the anemic pigs were treated with 
casein by substituting purified casein for the 
25% cottonseed meal in the diet. In all 6 
of the pigs this dietary alteration was followed 
by reticulocytosis (6 to 18% ) and alleviation 

TABLE 11. Hem:itologic Response to  A4dIiiinistration of Casein and Lysine. 

Befort. tlicrnpy After therapy 
f > Retic. iiias V.P.R.C. 

V.P.R.C: . , Re t ic . , - f 3 

Pig. KO. m1/1@@ 1111 yc Therapy Day % Day ml/lOOml 

15-17 3 0 
19 24 
32 33 
33 35 
34 33 
35 34 
36 31 
3 i  34 

6 
10 
18 
18 
16 
18 
12 
12 

45 45 
46 46 
20 46 
12 44 
12 43 
12 43 
14 39 
11 39 

V.P.R.C. refers to vol of packed red cells. Retic. inax refers to reticulocyte maximum. 
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FIG.  1. Henlatologic response to substitution of 
casein f o r  cottoiiseecl meal. 

FIG.  4. Developinent of severe anemia follow- 
ing admiiiistratioii of Eicxahomoserine and response 
t o  adiiiiiiistration of L-lysine. 

M.C.V., rnea11 corpuscular vol; V.P.R.C., vol of 
packed wd  cells; Wt, body mt; retics, reticulo- 
c y t es . 
of the anemia (Table 11). The hematologic 
response of one such pig is shown in detail in 
Fig. 1. 

Two g 
of L-lysine were added to each 100 g of diet. 
In both instances this was followed by reticu- 
locytosis and an increase in the volume of 
packed red cells (V.P.R.C.) (Table 11). How- 
ever, in neither of the 2 pigs did the V.P.R.C. 
reach levels as high as following substitution 
of the cottonseed meal with casein. 

Five pigs were given hexahomoserine after 
they had been taking the corn diet for 112 
days. In all 5 pigs a severe normocytic, nor- 
mochromic anemia and a mild to moderate de- 
gree of leukopenia developed (Table I). The 
plasma iron levels remained within normal 
limits. 

Histologic sections of the tissues were pre- 
pared from 4 of the severely anemic animals 
given hexahomoserine. The bone marrow re- 

Two pigs were treated with lysine. 

vealed normal cellularity. No significant ab- 
normalities were noted in the other tissues ex- 
amined. Bone marrow differential counts on 
thin smears obtained from aspirated material 
were within normal limits. 

One of the pigs given hexahomoserine was 
treated with lysine. Two g of L-lysine were 
added to each 100 g of diet and the hexahomo- 
serine was continued. Administration of ly- 
sine was followed by reticulocytosis (maxi- 
mum, 35%) and complete alleviation of the 
anemia (Fig. 2 ) .  

Discussion. It is evident from the data pre- 
sented that lysine is essential for normal 
erythropoiesis in swine. The animals fed the 
corn diet developed anemia and, when hexa- 
homoserine was added, the volume of packed 
red cells decreased rapidly. Addition of ly- 
sine to the diet, either in the presence or ab- 
sence of hexahomoserine, was followed by 
reticulocytosis and rapid alleviation of the 
anemia. 

The anemia observed was normocyticcand 
normochromic and was unaccompanied by 
reticulocytosis and is thus similas morpho- 
logically to that observed in protein-deficient 
( 13 ) , tryptophane-deficient ( 14), and in nia- 
cin-deficient ( 15) swine. 

Chronic protein-deficiency in pigs is accom- 
panied by a moderate degree of hypocupremia 
and hypoferrernia(l3). Both of these ele- 
ments are bound to specific proteins under 
normal conditions. Copper is present in 
plasma as a copper protein, ceruloplasmin. 
lron is bound to the iron-transport protein, 
transferrin. I t  is reasonable to suppose that, 
in protein deficiency, hypocupremia and hypo- 
ferremia are the consequence of impaired syn- 
thesis of the specific binding proteins. In the 
animals deficient in lysine the degree of hypo- 
cupremia was comparable to that observed in 
protein-deficiency. From this i t  would appear 
that lysine is essential for ceruloiplasmin syn- 
thesis. The fact that hypoferremia was not 
present in the lysine-deficient animals sug- 
gests that lysine is not of critical importance 
in synthesis of transferrin. 

The earlier studies on the morphology of 
red cells in lysine deficient rats were limited 
to an estimation of the color index. Gillespie 
e t  aZ.(l) reported that the color index was 
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decreased; Smith and Stohlman(3) found the 
index to be increased. This discrepancy may 
have been due to inaccuracies in hemoglobin- 
ometry. H ~ ~ ~ ~ ~ ~ ,  the latter workers also ob- 
served a great variety of cellular abnormali- 
ties in the blood, such as anisocytosis, poikilo- 

University of Utah College of Medicine. Miss Doris 
Kurth, Miss Helen AshmbrucLer, Mrs. Marilyn 
Dahm, Mr. George Trappett and Mr. Dale Chlarson 
gave valuable technical assistance. We are indebted 
to  Dr. Russell Jones and Dr. Frank Gunn, Dept. of 
Pathology for histologic studies. 

cytosis, polychromatophilia, Howell- Jolly 
bodies. nucleated red cells. myeloblasts and 
myelocytes. Such abnormalities were not ob- 
served in the blood of the anemic swine. In 
the rats the anemia was accompanied by a 
reticulocytosis of 5 to 2 5 % .  The explanation 
for these differences between the 2 species is 
not obvious. 

Sumnzary. I .  Twenty-three swine were 
fed a diet deficient in lysine. In addition, 5 
swine were given hexahomoserine ( 6-hydroxy- 
DL-norleucine) , a lysine antagonist. 2 .  ,411 
animals developed a normocytic. normochro- 
mic anemia. which was accompanied by hy- 
poalbuminemia and hypocupremia. KO alter- 
ations from the normal were noted in the 
plasma iron concentration or in bone marrow 
morphology. The anemia responded rapidly 
to administration of lysine. 3. The data 
presented indicate that lysine is essential for 
normal erythropoiesis in swine. 

The authors are indebted t o  Dr. A. Gibson, Merck 
and Co., Rahway, X. J., for supplies of thiamine hy- 
drochloride, riboflavin, nicotinic acid, pyridosine hy- 
drochloride, calcium pantothenate, inositol, choline 
cbloride. para-aminobenzoic acid, and cobalamine : to 
D r  E. L. Severinghau, Hoffmann LaRoche, Sutley, 
S .  J.. ior biotin and vit A, I). E and K; to Dr. 
T. H. Jukes, Lederle Laboratories. Pearl River, S. Y., 
for pteroylglutamic acid ; and to Dr. W. M. Reynolds, 
Chas. Pfizer and Co., Terre Haute, Ind. for Bi-Con 
TM-10 (Terramycin Feed Supplement). 

Hexahomoserine (6-hydroxy-DL-norleucine) was 
kindly synthesized for us by Dr. Marvin Armstrong. 
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