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U. S. ARMY CHEMICAL CORPS
FORT DETRICK, FRWF•ICK, KLY1AUD

5 The blood and the blood-forming organs of the monkey.

by P. Cohrs, R. Jaffe and H. Meessen (editors),

Partially translated from: The pathology of laboratory animals,3 Springer, Berlin 1958, p. 221-228, 271-2'4.

VI. The monkey.

a) Introduction.

Rhesus monkeys are utilized most frequently. Most of the data
contained in the literature therefore concerns this species. Only a few
authors report on studies of. other types. Van den Berghe and Blitstein
investigated the largest material. Of the 83 monkeys examined by them,
30 were Rhesus monkeys, 21 Cercopithecus (long-tailed monkeys), 12 Cyno-
cephalus (baboons), 10 Cercocebus (capucin monkeys), 8 chimpanzees and
2 orang-utans. Since they inferred from careful statistical evaluation
of their results that the morphology of blood cells is identical among
the various simian species and that no statistically supportable
differences exist in the cell count (with the exception of platelets),
it seems proper to consider the following elucidations valid for all
monkeys. The range of fluctuation, especially in leukocytes, is quite
extensive, however. For this reason some authors list modal values in
addition to extreme ones (see Table 17). It is stressed by many that
simian blood has the greatest similarity to that of man (with the ex-
ception of basophilic leukocytes).

b) Procurement of blood.

Small specimens may be taken from the rim of the ear or the finger
pad, just as from humans. Animals on particularly good terms with their
keeper may permit puncturing in his presence without restraining
measures. -In general, precautions must be taken against scratching and
biting. This is accomplished best by grasping both upper arms and
holding them together behind the animal's back. If it. breast is now
pressed against a table top, the animal is helpless. A larger amount
of blood may be taken from a vein. Two assistants are required tho
grasp the monkey's arms and legs and spread-eagle it on a table, with
its back against the table. The cubital vein in the elbow bend is not
easily accessible; the vean saphena, leading along the median side of
the lower leg and close above the ankle, is better suited for this
purpose. It emerges clearly then the lower leg i1 manually compressed
below the knee. Narcosis is unnecessary, but may easily be imposed by
inhalation of ether.



N. ormal findings.

General.

The greit range of fluctuation in sL-iian bloc counts suiges-s an
inquir, into its causes. It has been stated in the introduction that the
difference in species cannot be held res:.,onsible for this circu~fut.•rc,•
The flu tuation within the 6me spccico is as greut as among different
types, Jiffering conditions of maintenance an; diet., cliri.ite aiia 5evison

identical conditions show groat ind i vi"dual di.Ve ZZcnce in blood counts
It is certain, however, that the variable irritability of the morueys
P11Yi s C~tet ii ~ snce tzliu wi td]r-a~ *Yd-L'c)' U, od ýprc~d I:Cja A wzut
agitation on the animal's part. according to Fox, the rcsu3ts gain in
uncertainty with the frequency of puncture.

-ill investigators agree that no dietary effects ,ý- the blood count
can be established, with the exception of the genuine deficiency dis-
eases that are usually caused experimentally. Kilieneberger, particularly,
denies the existence of digestive leukocytosis. Fox tried to establish
possible daily fluctuations by obtaining specimens every 4 hours. He
found a regular rhythm only in leukocytes, predominantly in neutrophils.
Their number was lowest at noon and nearly doubled toward midnight.
Simultaneous measurements of body temperature shot.ed an opposite course,
being highest at noon and 40 F (= 2.200) lower toward midnighT.

Little is known about differences in age. On the other hand,
sexual dissimilarity has been investigated by van den Berghe and Blitstain,
who examined 29 males and 35 females of 4 different simian species. They
found the erythrocyte count in males to be sliehtly higher than in females;
leukoc-,rtes were reversed; hemoglobin readings were identical. The per-
centual distribution of cells in the leukocytic series revealed irregular
differences, they could not be confirmed statistically.

a) Red blood cells.

as shown in Table 17, the fluctuation range of erythrocytes reaches
extremes of 3.6 - 7.9 million. The most frequent values lie between 4.5
and 6 million. The higher values suggest that cells may have been
obtained from blood storage during puncture due to the animals, re-
fractorinass. The erythrocytes have a median diameter of 7.5 microns,
but there is distinct anisocytosis; the lower extreme is 3.5 microns and
the upper 8.5 microns.. Jagged, crescent-shaped forms are frequent.
Polychromatic erythrocytes are alwvs present, though in small numbers.
Erythroblasts are rare.

Personal examinations revealed 0.3 - 0.7% reticulocytes among the
erythrocytes. As evident from Table 17, these figares agree fairly well
with those of other researchers.
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b) hi•moglotin.

1.e values Listed in TaUL3 17 Are to be compared Vdth reserv;0nr.-
only, as far as tb, S . av* woncernect, since tle informaticn
regarding the hemometers utilized is notr always clear. Lccordirg to
personal observations the Hb content fluctuates between 65 and 99 with a
median value of 75 Sahli izits; this corresponds to a content of 10.4 -
J5.8 g and a median value of' 12.0 a per 100 c=3 . The table shows that
this agrees with thp ýLta of 1st tLher autnors. A few values that
greatly exceed this limit may s,,p-s- thL noi frange.

Klieneberger as well as van dati Derghie and 8litpintei' ",--h •
on the co lr indeJ * They have ised the conputatiun cuslvomary with
Lui~i bloos and for this reason arrived at a normal value below 1.0,
confcrming to the lower Rb contwt of simian blood. Klieneberger lists
the C.I. at 0.6 - 0.7, van den Barghe ank ELitstein giv' 0.8 - 0.9 as
a nodal value, Schermer has proposed the computation -' the simian C.I,
by me-ans of the following fornmla:

Hb x 2-- = color index.

S 75

This computation yields a color 'ex of 1.0 as normal value.

c) White blood cells.

General.

The extraordinarily great range of fluctuation in leukocytes has
already been pointed out. When var den Berghe and Blitstein list one of
1,300 - 40,000, this should far exceed the limits of normal values in
both directions. It may be assumed that pathological findings have been
included or that methodic errors are involved. Most of the data of other
authors (see Table 18) are within much narrower limits. Yet t-hese are
still far apart at 3,700 (Klieneberger) as the lowest and 34,700 (Shukers)
as the highest value, and the establishrent of a modal value incorporating
2/3 of all data becoraes a necessity (see Hall, Shukers, van den Berghe in
Table 18). The median value computed by the individual authors do not
reveal quite as large a divergence. They range from 7,400 (Kliereberger)
to 18,100 (Bilimoria); most of them are near 14,000. If consideration is
given to the fact that Fox has determined daily fluctuations by twice that
amount in the same animal (10,000 and 20,000, respectively), the conclusion
is inescapable that the monkey is extreae/4 laitle with respect to the
louiknyte count and that great care must be exercised in the evaluation
of possible changes.

il 3



Neutruphilic leun-cytes.

The percentual share of the various leu~ocytes also shnow con-
,siderable fluctuation, but the median value usually is aroumd 4•%. This
means that the number of neutrophils normally is slioitly lower than
that of lymphocytes .-ccording to ochermer, the neutrophils hAve a
diametur of 12-14 microns and a strongWly )ynotic, intertwined, sinuous
and constricted nucleus that frequently is nartitioned inLo sevetrA.

to -•-1.2 izwloidual scyents hla also been obse.led. The protoplasm
i-s densety filieu wni ;z wsot edzn:c
-ý,. --~m --Z.0 1c-a stao -''i - *07Mo

the neutrophils.

Eosinophii lc leukocytes.

Their number varies, some animals fail to show any, others have
them in abundance. Most authors found a median value of 2-3%. 4here
greater numbers were found, the authors in question assume a possible
infestation with worms.

The differentiation of eosinophils and ne- tZrphils may be difficult
since they are of equal size and the latter aleo possess red granulation.
However, the granules of the eosinophils are at least twice as large and
always round, not rod-like as in the neutrophil.s; they also stain more
intensely. The background of protoplas is grayish-blue and much darker
in tone than in the neutrophils. The nucleus is less pycnoti-, shows
horseshoe, ring and S forms, and often parts into 3 segments (see
Fig. 13 b).

Basophilic leukocytes.

Table 18 reveals that basophils may be entirely absent at times
and that they may reach a maximum of 3% (Shukers). They are as large
as neutrophils, some are even larger. The broad horseshoe or ring-
shaped nucleus is barely pycnotic, shows Qnly slitht constrictions and
occupies the major part of the cell. The protoplasm has an irregularly
stained, slate-gray basic hue and, according to Schemer, is filled with
two different kinds of granules. One type is composed of pale, gray-
colored rods, closely packed and occupying the entire protoplasm. In
addition, there are isolated to numerous very intensely stained, dark
violet,, round to rod-ahPod granules of -ver variable size (see Fig. 13 c).
Only the latter confonrs wdth real basophilic granulation. chermer was
unable to discover transitory stages of these two types of gra•ul•s.
Hall emphasizes that basophils are the only blood cells with a distinct
difference in man and monkey. He considers simian basophils nist
similar to those of the guinea pig. According to personal observation,
this similarity is not too striking, it consists primarily of the fact
that the granules of both animals are much larger than in man (cf.
Fig. 9 c).

i:• • :



Lymphocytes.

The'Mv 1yphlt 4q niN met crrn _ h an bl-rd, tmc rdi".1 n
to the data of most authors (see Tabl. 18). they reach c. surpass 50%.
Only Kieneberger undertooK a differntiation of large anid small
lymphocytes , he found 12% large mons and 46% small ones, The ly phv-
cytes do not differ from those of man. Thnu c're slightly larger than
eryt-hrocytes, have a s'x:2, ... tI s"ewhat i:dented, . .r ... i
lui..•&, pycnotic nucleus and basophiic protoplasm t`it becomes lighter
toward the nucleus. The larger lymphocytes at times reve-l numerous very
fine azure granules. The frequent occurrence of twin nuclei in one cell

Monocytes.

The differentiation of monocytes from the large lymphocytes is not
always easy, and sormetimes impossible. Hall even claims to have seen
transitions between these two and makes this the basis of his assumption
that monocytes develop frm lymphocytes. The existence of uncertainties
is indicated by the percentages listed by the various authors. When 15%
monocytes are indicated, this surely must include some lymphocytes. In
reality their number will rarely exceed 3%. For purposes of identifica-
tion, human hemal nmrphology may be used as an informal guide. Simian
monocytes also have a large, barely pycnotic. light nucleus that is
seldom round, usually indented or lobuLated. The protoplasm is wider
than that of the lymphacytes and has a grayish-blue, cloudy hue. Aside
from these monocytes, typical for all mammals, Schermer found another
type which he called endothelial mxnucytes and which, according to
iHeilmeyer, occasionally occur also in man. They have a large, oval
nucleus without any kind of indentation, but frequently show a distinct,
light nucleolus, the chromatin is finely granular and lighter than the
coarse structure of lymphocytes. The protoplasm is very wide, grayish-
blue, finely granular, becomes lighter toward the edge and here presents
an extremely fine, reddish granulation. tt times the edge appears to be
jagged.

Miscellaneous blood cells.

Klieneberger, Hall and Schermer report on the isolated occurrence
of typical plasma cells in the peripheral blood. Fox also found
occasional neutrophilic Welocytes.

Platelets.

The data of the various authors (see Table 17) concerning the
platelet count deviate to a high degree. We note 32,000 as the lowest
and 1,550,000 as the highest value. It is only with respect to
thrombocytes that van den Berghe and Blitstein claim to have found
statistically supported racial differences. The lowest average !values

• i " •5



are shuw• by chimpanzees, capucin monkeys an.,i ion 4-tailed mon•evs
(22.L,C00 - 239,-00), the highest by baboon- (356,0•0) and Ahesus
(5G6,000,. ne agree witn the investigat;rs or tho chance of -rave crz'.r
in the counting of platelets, in view of their 2oalescence.

p . iatewts present the usual appearance: H'eavy vioiet granula-
tjor, izi a hyaline, pale b-fiish 1,t$.g.unJ.

&r mount of blood.

Tkhe absolute amount of blood in monkeys is 4.35 - 9.02% cf the
body w'eigvx-, ot3cru... L..3vii 2vmaer.3t~ r was abIa ffl

acu1ecL less tn half of tnis amount, i.e. 1/30 cr 1/33 of the body
weight by bleeding from the carotis.

Cell volume.

Shukers and coworkers used tne hematocrit method on R1hesus monkeys
anw obtained a cell volume of 31.8 - 49.0% -4th a median value of 40.0
plus-minus 0.35.

Sedimentation rate.

Jestergreen's method gave the folloidng results:

kuthors after 1 hr. 2 hrs. 24 hrs.

Nohlen and Sarvan 1.7 - 3.5 2.1 - 9.2 17.6-56.7
Schermer 1.2 2.5 19 mm

Coagulation time.

Schernsr lists 2 min 5 sec as the start of coagulation. Shukers
and coworkers used Kolmer's coagulometer and established a coaglation
time of 19-239 sec, •ith a median at 78 plus-minus 46 sec.

Resistance of erythrocytes.

According to Schermr, hemolysis starts at 0.4%, is complete at

Electrophoreti exmiration
of plasa and serum.

Deutsch and Goodloe exa• ned the plasm of 3 RMews aonkeys by
Tiselius' mehod and obtained:

• " • .. 6



A:b1O / / 3/ fi 9
kfibrimwgan)

C 5.9!i.0 5.210.5 4 .-7-0.5 16,1 9 8.410 -. C 9t4

.. zealso tested thr ?~,:; -.P 33 -21,-- z. uw~tr' n 0 o1
:.rnd~itions: pH 7 ,hophate-XaOi Wffer. C.2•iorir' c-rz-t '.,
A]i. le it nd e5 the appearance of e-ectrspIhresi- into 6 components and
.fists the followiag values (the median values in,- par..•th %_• )•:

34 5 6

47-b2(52-) 0 31() 32(16) 0 ILf Ž0('2") I

&Sermer reports or. the results of 2 tests (Antweiler's method,
oH 8.6, veronal - veronal sodium hiffer with ionic strength 0.12):

years albumin ' / / 2-// /
S_ globulins

1 .%hesus monkey !½ 25.1 14.5 38.6 21.8%
I •thesus onnkey 4 23.7 9.2 8.7 27.2 31.2%

Since the test methods utilized are not uniform, the resulting
values cannot very well be compared.

Pathological findings.

Since the monkey is the animal closest to man, it could be expected
that human blood diseases will be found also in the monkey. actually,
almost nothing is known about this situation. a few data are known only
about the leukemias and various parasitic diseases, especially plasmodias,
babesias and trypanosomes. Since these are to be covered in a separate
chapter of this book, only the barest reference will be made thereto at
this time.

(page 271). g) Monkey.

U.) Technitu e of bone marrow procurement.

Sternal puncture is recommended as a means of procuring bone
marrow. The technique is the same as that describea by various authors
with respect to humans. It must be noted, however, that the Rhesus
monkey has only one sternal segment wide enough for puncture: the
segment located between the clavicles (Schermer 1954). We found

'I
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fartrier cauz.,hlly iituated scrf ,' n 'n-jufl:; cari cu-ptclr ud2y ri-
rperMit successful puncture. In ad4.ion, tresanstion or punctuire of
040; ojr sore vies is feasible. Eaia~nc'f~a ~i~,n

C~6Mf~2~ otc. anir-.als, ry diiSr be sefno.It ,inua-artjoo
thdit narcosis is mcandatcry in the bone puncture of monkeys.

3 .jist.lrtmltiC-n oand "'svelopuc•nt of b.rne sarrow.

j isnr~e anin 1'-i ,rir (n03 .'.-, ,- zz : to W rit ,, "' , f L;
reao wu to.

stern,um, rib ana vertebvd, only rea marrow. The center 1-f te. se.orai

and tlbiul shaft containpo i , ., . L••.w

y .....er ---•nz-- ehuwuu only red marrow in the femur. in contrast
Ste the cacrosr-,- ,;;arance. no great differences in the cellular
content of Ute exAmin-ed regions ware noted n--er;sc•c'ie~ilr cy otazney
a-i Vggiis (1936) ana Sch erner (1954). No differences were notee
either between the marrow of the sternum, ribs ana vertebrae, or in the

callular content of the femoral and tibial marrow. Significant
divergeuccs wore found only upon comparison of the cell content of flat
bone marrow (sternum) with a tubal bone (e.g. tit"a), h-e invo"lve
only the socallea leakoblasts (hemocytoblast?), myelocytes, metamyelo-
cytes ard normobldsts. Leukoblasts, mrelouytes and metanyelocytes are
less numrous in the femur and tibia than in the sternum, rib and
vertebra. The content of normoblasts, on the other hand, is greater in
the long bones than in the flit ones. The preponderance of erythronoiesis
in the tibia is noteworthy to the extent that yellow marrow, i.e. fatty
marrow, is found here. Fig. 18 depicts the numerical results graphically.

Taliaferro and Mulligan (1937), in connection with their studies of
Macacus rhesas and !Aacacus cynomulgus, emphasize the great differences
between various animals. They list the occurrence of typical lymph
follicles as a peculiarity of simian bone marrow. The lymph follicles
resemble those of the spleen. They contain medium and large lymphocytes
with numerous mitoses. .Lccording to Taliaferro and ktlligan (1937),
lymph follicles are rare in Panamanian monkeys. Whenever they occur, they
are invariably accompanied by an intensive malarial infection. It is
questionable thether the occurrence of lymph follicles, which is not
mentioned elsewhere, can be considered a normal bone marrow cordition of
the uonkey. The presence of lymph follJ6les is rare in all other

mammals, including man.

I hbave been unable to find precise data on the developmnt of simian
bone marrow. It should follow the urswe inm from other mamml s.
Starez, Diaz-Rivera and Hernadez-orales (1943) have studied the change
in the compoaition of the cellular picture in Rhesus monkeys by means of
4 young, 8 adolescents and 28 adults. The higher degree of erythropoieois
found in young monkeys yields to L~elopoiesis in the adult. *ithin

m•vylopoiesis and erythropoiesis, the more mature elements also occupy the
foreground in the adult. Details are &iven in Table 16.

" . -• "
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The fvebnn<dbLzL -. s f ij4.t n•oýut ; and 1-2 fleo, i. -he c4, -
• plasm is light and .§de ... ia c ,tur-tion rsCuce5 tht nueiey of
pr oýLelocytes, myeiocytes and io!tanVelocytes in sizet •y bthep r ore
indented and gain in chrountwi. app.ear up to the mexocyte
ZThe cytoplas! oriinally &tarns rntU - c'- latas r-.... --

.ranu i a pao t;ik une on 1 e±ocyte, iJ:,rt, 74ar. is
"reluoc'e. dHowIw'er. drýk vin'-3+ •arev aiso seen. P_ La-.,-er are

absent in aeta=ý-elocytea, staff ceIsi a,4 &egme::teu cells. jegw erf1e
cel-ls are rare in Ithe to..t maLIQ... 7ne ^nnnv t :2f

SThe eythzopci~tc series offers n., prC' .A4 t _Ie The orth-chroma-tlc errtr-yr_-'azt ruadily -ividt into 2-3 nuclear re-mnarts,

formir• a clover-like structure. Plasma cells are abundantly represented
(Scherier 1954). The cytoplasm is deep blue and equipped with vacuoles.
AccorCaing to Schermer (1954), the megakaryocytes have a finely granular,
violet cytoplasm containing 3-5 individual nuclei.

incidentally, Stasney and Higgins (1936) stress the similarity of
simian bone marrow cells 4ith those of man, dog and rat arid for this
reason deem a description of the morphology superfluous.

The supply of erythrocytes is reported to be 5.5 million for
R~hesus monkeys, without the considerations of age and sex (Suarez, Diaz-
•ivera and Hernadez-Morales, Is43). Leukocytes nu.:ber 16,210, the
erythropoiesis-granulopoiesis index is said to decrease with age.
Stasney and Higgins (1936) state that the erythropoiesis-granulopoiesis
index is considerably greater than 1 in the flat bones, slightly greater
in the femur and less than 1 in the tibia. Table-17 shows the ratio of
myeloid, erythrvid and lymphocytic cells in 5 localizations and the
erythropoiesis-granulopoiesis index of the same points. Table 18 lists
the results of bone marrow counts at different locales by way of
comparison, while Table 16 reflects the composition of bone marrow at
different age levels. The knowledge of these conditions deserves
special attention in studies of bone marrow. Unfort-uately the results
of different authors cannot be comparea with fLcility, as is true also
of other laboratory animals. A critical exposition must needs be
omitted.

YIMres and tables (uewnd panr).

Fig. 18. Simian bon, marrow cells in different loesies (acorling
to Stasney and Higgins, 1936). (The unubers on the bottcm 0orre4pond
to the cells listed in Table 18).

: . . .i i " ; . "9
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