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S� on the nutritional requirements of the rhesus monkey (Macaca
mulatta) have been in progress in our laboratory during the past five years. The

major work has been concerned with the B group of vitamins and routine blood

examinations were made as each vitamin deficiency was studied. Previous reports

from this and other laboratories have clearly shown the significance of certain nu-

tritional factors in the maintenance of normal blood constituents. As the exact

nutritional requirements of the monkey are more clearly understood now than at

the time of the initiation of these experiments, it is possible to determine more ac-

curately how a deficiency of several of the B vitamins adversely affects the con-

centration of certain blood constituents.

The literature contains about twenty reports regarding the blood picture of the

normal rhesus monkey. Shukers, Langston, and Day’ and Suarez, Rivera, and

Morales2 have summarized the greater part of the reports. Scarborough3 has com-

piled the work preceding 192.6 including the earliest, that of Hayem.4 Values ob-

tained by these and other workers are presented in table �. It is evident from these

reports that inadequate consideration was given to the nutritional status of many

of the experimental animals. The values reported often showed extreme ranges and

consequently the arithmetic average was of questionable value. Although Krumb-

haar and Musser9 controlled conditions such as food, standard time of bleeding,

and selection of animals as to size and age, they still obtained variations greater

than those attributable to experimental error.

As a result of our nutritional studies we have found that when monkeys are fed

the basal diet M-32’ supplemented with vitamins and whole liver substance, the

concentration of certain blood constituents is somewhat different from those pre-

viously accepted as normal values. In this paper we wish to report the blood picture

of rhesus monkeys receiving purified rations supplemented with vitamins and vari-

ous liver products and to summarize our data regarding the effect of certain vitamin

deficiencies on the normal blood picture.

EXPERIMENTAL

The animals used in these studies were young (‘ti tO 2. years) rhesus monkeys

of both sexes that were secured directly from an animal dealer. The monkeys were

kept on a general diet of bread, lettuce, carrots, cereal, and fruit for about � days,

during which time they were given a tuberculin test. Following this period the
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i�6 CONTENT OF BLOOD OF RIT�US MONK.BY

animals were fed the M-3 basal diet supplemented with various liver products.

The basal diet consisted of the following parts per icc: sucrose 73, vitamin-free

casein i8, salts IV �, cod-liver oil 3, and corn oil i. In addition, each animal re-

ceived the following vitamin supplement per day: thiamine hydrochloride c.5 mg.,

riboflavin c.� mg., pyridoxine hydrochloride i.e mg., calcium pantothenate 3.0

mg., niacin 5.0 mg., choline chloride 2.5 mg., i-inositol �c mg., p-aminobenzoic

acid �c mg., biotin 2.0 ug., folic acid icc ug., and vitamin C 2.5 mg.

The ration designated as M-5 was similar to the M-3 ration but contained 3 per

cent bovine globulin and 2. per cent yeast added at the expense of the sucrose. This

ration was also supplemented with 3 per cent whole liver substance and the animals

TABLE i.-Blood Studies on Monkeys Maintained on Practical Natural Diets

Total Differential Leukocyte Count
Monkey Hemo- Erythro- Leuko- -- -. _______
Number globin c�int te Mono- Neutro- Lym- Eosino- Mast Unclas-

ount cyte phil phocyte phil Cell siuied

c Millions Tlious-

per ands per % � % �

Cu. mm. Cu. mm.

Monkeys recently 306 11.48 6.31 13.1 3.5 35.0 54.0 7.0 0.5 0

acquired from 307 11.84 6.03 10.9 1.5 35.5 57.5 3.5 1.0 0

dealers 308 11.11 6.86 17.9 3.5 2.9.0 59.5 7.0 1.0 0

From zoo 2.30 33.58 6.78 14.2. 1.5 78.0 � 0 0 0

ill 11.84 6.oi 2.0.8 3.0 �8.o 34.0 4.5 0 0

2.52. 11.11 5.09 36.7 1.0 41.5 �6.o 3.5 0 0

2.13 34.16 � io.6 3.0 � 34.5 3.5 0 0

2.34 34.55 6.38 x�.6 5.0 32.5 59.0 1.5 0 0

2.15 13.38 7.33 33.3 0.5 70.5 2.5.0 1.0 0 0

2.36 11.33 �.ii 16.3 1.5 34.0 61.0 1.0 0 0

2.84 x�.iz 6.�i i�.6 2.0 43.0 53.5 7.5 0 I 0

2.85 x�.’7�’ 6.74 11.4 1.5 46.0 50.0 3.0 0 0.5

i86 11.98 6.49 2.6.4 4.5 46.0 47.5 1.0 0 0

2.87 11.49 7.15 16.1 1.5 47.0 46.5 3.5 0.5 0

2.88 11.06 6.38 2.5.8 1.5 38.5 � 2.0 0.5 0

Ave 11.95 6.38 16.9 1.5 49.5 45.3 1.1 0.1 0

receiving it were given a double quantity of the vitamin supplement. The M-6 ra-

tion was prepared by replacing 40 per cent of the M-3 ration with ground corn grits.

This ration was supplemented with 3 per cent whole liver substance, the regular

vitamin supplement, and 50 cc. raw milk per day.

Each monkey was bled in the morning, usually before feeding, from the marginal

veins of the ear, or in later experiments from the saphenous vein of the leg since

this gave a more adequate blood sample from young monkeys. Hemoglobin was

determined with the Evelyn photoelectric colorimeter. The total leukocyte

and erythrocyte counts were made in the usual way. Dry smears, stained with

Wright’s stain, were used for the differential counts and the neutrophil and lymph-

ocyte counts were expressed as per cent of the total white cell count. One hundred
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TABLE 3.-The Composition of Blood from Monkeys Fed Different Complete Diets

� T � Differential Le�kocyte Count
D’ Monkey Hemo- Erythrocyte � L� �ota � � �iet Number globin Count � � C Mono- Neutro- � Lym- � Eosino- � Mast � Unclas-

� � cyte phil phocyte � phil � Cell � sified

Gp,i. per Millions per � Thousands I � ,�, , � � �. ,�..

100 ml. CU. mm. per CU. mm. I � � /‘. .0 0

M-3 + 3% I 15.91 5.6o i�.8 13.0 48.5 35.5 1.5 0.5 0

whole liver I 14.18 6.i, 18.2. 4.5 14o 6o.� 10.5 0.5 0

substance 139 14.16 6.67 x6.o 1.5 41.0 54.0 1.0 I 0.5 0

161 I 15.91 5.71 21.3 5.5 19.5 74.5 0.5 0 0

161 14.86 6.ii 13.5 5.0 11.5 6�.o 6.� 0.5 0.5

186 15.17 6.46 2.4.0 3.0 2.8.0 61.5 6.� 0 0

i86 I 15.05 6.52. 2.8.4 4.5 11.0 67.5 6.o 0 0

2.87 14.78 5.87 13.8 I 6.� 37.0 54.0 1.5 0 0

2.87 � 6.99 38.3 1.5 41.0 53.0 1.0 0.5 0

300 34.35 7.19 2.7.9 ‘.0 36.0 �8.o 4.5 0 0.5

300 14.16 6.90 18.7 3.5 2.4.0 70.0 1.5 0 0

30! 14.35 6.35 10.3 3.0 2.8.0 63.0 5.5 0.5 0

Ave 34.87 6.37 i8.i 4.5 31.1 59.8 4.2. 0.2.5 0.10

M-3 + 3% ii6 33.89 6.17 31.7 1.5 19.5 66.� � �

liver extract 100 14.08 6.87 11.7 1.0 34.0 61.0 1.75 0 0.15

1o8 13.50 5.76 10.0 7.0 33.0 55.0 3.5 0 1.5

2.09 33.03 6.48 17.8 6.o 2.7.5 51.5 73.5 0.5 0

2.84 � 6.68 i6.i 1.5 38.0 �8.o 1.0 0.5 0

2.85 14.16 6.6z i:�.8 3.5 43.0 57.5 1.0 0 0

198 13.58 5.2.6 i8.o 1.0 55.0 40.0 4.0 0 0

2.99 13.30 5.2.0 17.0 1.0 2.9.0 69.0 1.0 0 0

314 14.16 7.04 16.1 1.0 59.5 34.5 1.5 1.5 0

315 15.91 7.16 11.6 1.5 2.5.0 67.0 3.5 1.0 1.0

316 15.17 6.71 9.7 3.0 11.0 74.0 0 1.0 0

317 14.18 6.76 11.2. 3.5 44.5 48.5 1.5 1.0 1.0

Ave 14.11 6.39 i6.6 1.9 35.� � 3.9 0.4 0.3

M-5 + 3% 2.67 13.30 6.53 2.7.0 5.5 33.5 55.5 4.0 0 1.5

whole liver 2.68 13.13 7.47 11.2. 1.0 45.5 51.0 1.5 0 0

substance 2.69 14.35 7.64 2.9.2. 1.5 19.0 71.0 6.� 0 0

2.69 14.78 6.90 i6.i 1.0 14.0 8o.o 4.0 0 0

2.72 15.48 6.41 17.6 1.5 38.5 55.5 1.5 0 I

2.73 14.08 6.46 11.3 5.0 11.5 71.0 0.0 0.5 0

2.88 14.86 � 19.6 4.0 19.5 71.0 4.0 0.5 0

i88 i4.� 6.o8 36.3 l.a 2.4.0 68.o 6.o 0 0

302 17.04 6.38 2.0.0 5.0 2.0.5 68.o 6.� 0 0

302 14.78 6.�6 11.0 1.5 2.4.0 67.5 7.0 0 0

304 74.86 7.36 11.9 3.5 36.0 51.0 7.5 1.0 0

3o4 14.55 � 13.4 8.o 2.3.5 59.0 8.o 1.0 0.5

Ave 34.65 6.66 2.1.4 3.5 2.6.7 64.4 4.8 0.3 0.2.

M-6 + 3% 310 14.18 5.40 i8.6 6.o 2.0.0 59.5 11.5 1.0 1.0

whole liver 311 13.50 5.54 2.8.4 4.0 2.4.5 68.o 3.5 0 0

substance 311 15.05 5.75 2.6.7 4.5 11.5 66.� 4.5 1.0 0

311 33.50 6.36 18.3 1.5 30.5 63.5 1.5 0.5 1.5

311 13.78 6.i� 13.1 1.0 41.5 49.5 5.5 0.5 0

311 14.16 5.96 10.1 3.0 31.0 61.5 1.0 0.5 0

313 11.33 5.78 i8.i 1.5 i8.� 68.o 10.5 0 0.5

313 13.89 6.71 x6.8 1.7 2.7.0 � 11.0 0 0

___________________ 23.89 �.88 35.4 3.0 2.6.5 �8.o 11.0 0.5 0

Ave 13.81 5.95 2.0.6 3.3 17.1 6i.� 7.0 0.5 0.4
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i�8 CONTENT OF BLOOD OF RHESUS MONKEY

white cells were counted in each of two different areas of the smear. If a discrepancy

was found between these two counts icc or �cc more cells were counted. Because

of the recognized difficulty of distinguishing the monocytes from the large lympho-

cytes, we included among the monocytes those cells showing a comparatively

smooth homogenous nuclear structure, which stained more lightly and which was

buckled or folded, usually with fine azurophilic dust in the cytoplasm. Otherwise,
the large cells were classified as lymphocytes.

Table 2. contains the blood records of 3 young monkeys recently acquired from

the dealer and maintained for 4 weeks on the general practical ration as described

above. This table also includes the data for ii monkeys that were kept at a local

zoo for 3 months and which had access to the following types of food: fortified

white bread, cabbage, carrots, swiss chard, bananas, oranges or apples. The blood

picture of these two groups of animals was similar and the values agree in most in-

stances with the data of Shukers et al.’ Although the erythrocyte count was

slightly higher than most of the previously reported values, the per cent of neutro-

phils in the blood of the monkeys from the zoo tended to be higher than in those

from the dealer.

All monkeys receiving supplements of whole liver substance showed higher

hemoglobin concentrations, similar white blood cell counts, but a considerably

lower neutrophil and higher lymphocyte differential count than those animals

fed natural diets. The blood picture of representative monkeys fed supplements of

whole liver substance is presented in table 3.

When 3 per cent liver extract was fed as the liver supplement to the M-3 ration,

the animals showed about the same blood values as those fed whole liver substance

except that the neutrophil-lymphocyte ratio tended to rise from a normal value of

730\ . f 6o
0.5 I,’.’.�-) to values ranging up to 2..0 -�

BLOOD PICTURE IN VITAMIN DEFICIENCIES

It is of interest to note the various characteristic blood dyscrasias that result in

the rhesus monkey from a deficiency of certain members of the vitamin B complex.

Deficiencies of pyridoxine,22 riboflavin,20 pantothenic acid,22 folic acid,27, 24 and

the monkey antianemia factor23’ 24 each result in an anemia. Folic acid deficiency is

also characterized by a severe leukopenia. Chronic deficiencies of pyridoxine, ribo-

flavin, pantothenic acid or folic acid show in addition an abnormally high neutro-

phil-lymphocyte ratio. It has been shown recently20’ 22, 21 that this effect is due to

a concomitant deficiency of the monkey antianemia factor. Supplies of whole liver

are required in addition to pyridoxine, riboflavin, pantothenic acid or folic acid

for complete blood regeneration. All of these changes are summarized in figure i.

Typical changes in the differential count of the blood from a single monkey de-

veloping a deficiency of the monkey antianemia factor are shown in figure 2..

Two monkeys fed diets containing egg white and supplied with excess biotin

(icc ug. per day) have shown consistently high leukocyte counts. One of these

showed a neutrophil-lymphocyte ratio of 2..O (table 4).
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Monkey �63

Placed on experiment 6-21-43

- Neutrophils

90
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-� 1-01-NP)

FIG. 2.. CHANGE IN PERCENTAGE OF NEUTROPHILS AND LYMPHOCYTES WITH THE PROGRESS OF WHOLE LiVER

FACTOR DEFICIENCY

TABLE 4.-Blood Studies on Monkeys Fed Egg White Rat:ons with Excess Biotin

Differential Leukocyte Count

2� !�

� �t St.

0) 1-Oi-.

#{149}0) 010101 0100 0�00

Monkey Time on
Number L)iet

Days

2.53 96

153 io8

153 ii6

2.53 12.4

2.53 12.9

178 41

Thousands
per cii. mm.

33.’

37.5

30.4

30.7

41.2.

13.8

Mono-
cyte

5.0

3.5
7.0

3.5
4.0

Unclass-
ified

Neutro-
phil

57.5

�6. 0

68.o

35.5

Lym- Eosino- Mast
phocyte phil . Cell

37.0 3.0 0.5

35.0 . 3.5 0.5

33.5 3.5 0

2.8.0 0.5 0

51.0 8.o 0

DISCUSSION

i6o CONTENT OF BLOOD OF RHESUS MONKEY

Lymphocytes

Died 9-25-43

Hemo- Erytlirocytel
globin (..ount Count

Gm. per I Millions

100 ,,zl. per (U. mm.

13.03 7.57

14.2.8 7.14

13.50 7.95

14.78 8.39

11.91 6.65

0

0

0

0

0.5

The data in figure i indicate that wide variations in the total leukocyte count

of the blood of monkeys on different diets are frequently seen. Although the varia-

tion in the white count is not completely explained, it is quite probable that many

high white cell counts are the results of excitement of the animals unaccustomed to

being subjected to blood tests. It has been observed in our laboratory that the first

blood examination of many newly acquired monkeys is characterized by a high
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E. JONES, K. McCALL, C. ELVEHJEM AND P. CLARK i6i

white count. After the animal has been handled several times the leukocyte counts

not only tend to be lower than the initial counts but also are more uniform, unless

subsequently altered by the dietary regimen. In the case of folic acid deficiency, a

severe leukopenia develops but the record of the total white cell count occasionally

shows an abnormally high value. These increases are probably the result of a

response to the intercurrent infections such as dysentery to which folic acid-de-

ficient monkeys are particularly susceptible.23

A cell common to the monkey has been described by Fox’2 as a basophilic neutro-

phil and by Hall’4 as the mast cell. Our data indicate that a cell which seems to be

identical with the mast cell of Hall is present frequently (o-i per cent). Suarez et

al 2 have described the presence of metamyelocytes in the peripheral blood of rhesus

monkeys of all ages but we have not observed this cell.

As a result of recent advances in the knowledge of the nutritional requirements of

the rhesus monkey it has become possible to obtain a more exact picture of the con-

centration of hemoglobin and the formed elements in the blood of the normal

monkey. Using the purified rations as described and supplemented with all the

crystalline B vitamins and one of several liver products, the blood picture has been

found to be considerably higher than that previously accepted as the normal pic-

ture. When whole liver products are fed as supplements to the purified rations, the

hemoglobin and erythrocyte counts are higher, and the neutrophil-lymphocyte

ratio is lower than when liver extracts are given as supplements or when certain

mixed diets are used. One monkey fed the M-3 basal diet supplemented with 3 per

cent liver extract for four years ultimately developed a reversed neutrophil-

lymphocyte ratio, a mild anemia, and failed to maintain its body weight. Three

weeks after substituting whole liver substance for the liver extract, the blood pic-

ture of this animal was completely restored to the high levels found in those animals

fed purified rations supplemented with whole liver substance from the beginning.

Thus the great variation in the differential count reported by many of the pre-

vious workers may he accounted for in part by the use of an inadequate diet. For

example, we have shown that a high neutrophil-lymphocyte ratio (e.g.. 60) ulti-

mately results from single deficiencies of four different B vitamins and that when

these rations are adequately supplemented with all the vitamins and a supply of

whole liver substance, the neutrophil-lymphocyte ratio is about 0.5 (�). It should

he noted that Suarez eta1.2 have reported a high neutrophil�lymphocyteratio(�)

in adult monkeys in contrast to the low neutrophil-lymphocyte ratio (�) of in-

fant monkeys. During the first few months of postnatal life the major component

of the diet of the monkey is milk supplied by the mother and we have found that
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i6i CONTENT OF BLOOD OF RHESUS MONKEY

this supports excellent growth and a normal blood picture in the infant rhesus

monkey.2’

The blood dyscrasias which we have described that result from single deficiencies

of pyridoxine, pantothenic acid, riboflavin, folic acid, and the monkey antianemia

factor have been found to be characteristic of each deficiency. These alterations,

such as the acute leukopenia of folic acid deficiency, generally precede and are

ascertainable before outward deficiency signs develop to any significant extent.

Hence these blood examinations are of special value when used in connection with

growth data and outward deficiency signs to determine accurately the state of

deficiency that exists in an individual monkey.

SUMMARY

i. Rhesus monkeys fed purified rations supplemented with adequate amounts

of the B vitamins, ascorbic acid, and whole liver substance maintained the follow-

ing average blood picture:

Hemoglobin. . 14.5 Gm.%

Red blood cells 6.33 millions per cu. mm.

Total lcukocvtc count 10.0 thousands per cu. mm.

Differential Icukocyte count

Ncutrophils 18.3%

Lymphocyrts 6i .�%
Monocytcs 3.8%

Mast cells 0.3%

Eosinophils 5.3%

i. Natural diets or purified rations supplemented with liver extract do not sup-

port the above blood picture. The hemoglobin is lower and there is an increase in

the range of the total leukocyte count and in the neutrophil-lymphocyte ratio

to i.o (�). These figures are similar to the values in the literature and generally

accepted as the normal.

3. Previous reports have shown the characteristic blood dyscrasias which de-

velop when monkeys are fed certain B vitamin-deficient diets. These changes are

summarized graphically in this paper.

4. The importance of determining the concentration of hemoglobin and the

formed elements of the blood as a diagnostic test in nutritional studies has been

shown.
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The authors arc grateful to Miss Ethel Thewlis for aid in determining cellular elements and to Drs.

Harry A. Waisman and James H. Shaw for assisting in early parts of the work.
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