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Biologic Data of Macaca mulatta, Macaca fascicularis, and
Saimiri sciureus Used for Research at the Fiocruz Primate Center
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Physiological parameters of laboratory animals used for biomedical research is crucial for following several
experimental procedures. With the intent to establish baseline biologic parameters for non-human primates held in
closed colonies, hematological and morphometric data of captive monkeys were determined. Data of clinically
healthy rhesus macaques (Macacamulatta), cynomol gus monkeys (Macacafascicularis), and squirrel monkeys (Saimiri
sciureus) were collected over a period of five years. Animals were separated according to sex and divided into five
age groups. Hematological data were compared with those in the literature by Sudent’s t test. Discrepancies with
significance levels of 0.1, 1 or 5% were found in the hematological studies. Growth curves showed that the sexual
dimor phism of rhesus monkeys appeared at an age of four years. In earlier ages, the differences between sexes could
not be distinguished (p < 0.05). Sexual dimorphismin both squirrel monkeys and cynomolgus monkeys occurred at
an age of about 32 months. Data presented in this paper could be useful for comparative studies using primates
under similar conditions.
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The Primatology Department of the Center for Labora-
tory Animals Breeding of the Oswaldo Cruz Foundation
(Fiocruz), Rio de Janeiro, Brazil, consists of approximately
300 rhesus macagues (Macaca mulatta), 90 cynomolgus
monkeys (Macaca fascicularis), and 75 squirrel monkeys
(Saimiri sciureus) for usein biomedical research.

The colony of rhesus monkeyswas established in 1932
with 100 animals, initiated by Dr Carlos Chagaswho pro-
posed the use of rhesus for the development of a Yellow
Fever vaccine. Theanimalswere maintained semi-freeon
an island for about 50 years, where they were provided
with a colony management program in terms of nutrition
and reproduction with minimum conditions of sanitation
(Coimbra-Filho & Maia1974). In 1980 the animalswere
moved to the campus at Fiocruz. The colony of cynomol-
gusmonkeyswas created in 1986, for neurovirulencetests
of the Yellow Fever vaccine produced in fibroblast cul-
tures. The colony of squirrel monkeyswas established in
1987 with wild animals recovered from the Amazon re-
gion, with theintent to develop avaccine against malaria.
No new animals have been introduced to these colonies
since their establishment.

The establishment of baseline biologic data for ani-
mals bred for scientific purposes is of basic importance
for dealing with a series of practical situationsin animal
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management, including diagnosis and treatment of sick
animals, improvement of therapies and experimentation.
Standardized hematological valuesareimportant comple-
mentsto different scientificinvestigations (Melvilleet al.
1967), for examplefor toxicological evaluations of thera-
peutic agents (Nageswara& Shipley 1970).

Similarly, morphol ogic parametersand the body growth
curve must indicate growth disturbances and provide us
with data for evaluating successful husbandry or allow
us to make necessary adaptations.

Great discrepancies could be found in the literature
with respect to hematol ogical values(Melvilleet a. 1967).
The different methods employed and studies lacking dis-
crimination of sexes make acomparative analysis unfea-
sible(Manning et al. 1969, Ausman et al. 1976). Inaddi-
tion, one must always consider that the use of anesthet-
ics(Martinet al. 1973, Matsumoto et a. 1980), number of
studied animals, obtained standard deviation, and other
important factors (Rollinset a. 1970, Patriciaet a. 2000)
may interferewith certain parameters (Altshuler et al. 1971,
Buchl & Howard 1997).

This paper aimsto standardize hematol ogical dataand
to establish some morphol ogical parametersfor three spe-
cies of non-human primates held in closed colonies,
through statistical analysis of data and comparison with
other Primate Centers.

MATERIALSAND METHODS

Animals - The present study selected all clinically
healthy non-human primates from the Fiocruz colony in
order to analyze body weights, growth rates, sexual di-
morphism, and hematol ogical parameters.
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Animalswere evaluated routinely by physical exami-
nation, blood profiles, and behavioral assessment. Since
the present work aimsto evaluate normal biologic values,
animals with clinical diseases or apparent physiologic
conditionswere excluded from thisstudy. All animalswith
abnormal bacteriological, hematological, or parasitologi-
cal specimens at the time of collection were eliminated.
Excluded animal srepresented 12.5% of thewhole colony.

Dataon animals selected for the study were obtained
from health recordsover afiveyear period (1997 to 2001)
since complete data were recorded in this period. Ani-
mals were divided into five age groups based on their
stage of development and reproduction capacity: (1) baby
monkeys (0- 6 months); (2) infants, post-weaned (7-18
months); (3) juveniles (19-31 months); (4) young mon-
keys, puberty (32-44 months), and (5) sexually-mature
adults (45-192 months). Although squirrel monkeys are
ableto breed after 36 months (Taub et a. 1978, Rowe 1996),
the preceding criteria has been established by Fiocruz for
al speciesstudied initsfacilities.

The Old World primates (M. mulatta and M. fas-
cicularis) are housed outdoors in big cages measuring 6
X 6 x4 m, whilesguirrel monkeysareheldin smaller cages
measuring 2x 3x 4 minabuilding receiving natural light.
Theanimalslivein harem groups, with one malefor eight
to ten females, and are fed a commercially available
pelleted primate diet supplemented with fresh fruits and
vegetables which are rich source of vitamin C to avoid
scurvy (Kaplan 1977, Demaray et al. 1978). Squirrel mon-
keysare unableto utilize vitamin D2 adequately (Kaplan
1977). However, in Fiocruz they are exposed to natural
sun light, allowing them to utilize vitamin D3 without di-
etary supplements.

Medical management - Once a year, animals in the
colony were examined, weighed, had blood drawn, were
tuberculin tested, and treated with prophylatics against
intestinal parasites. For this purpose, animals were an-
aesthetized with ketamine hydrochloride (10 mg/kg). The
Old World monkeys were identified with tattoo marksin
the chest region and the Neotropical primates at the me-
dia left thigh. In the physical examination, the animals
were weighed and body measurementswere taken asfol-
lows: crown-rump length, taken from the external occipi-
tal protuberance to the base of the tail (first coccygeal
vertebrate); thoracic perimeter, taken at the level of the
axilla, and tail length, taken from the base to the end of the
tail. These datawere recorded in the medical records as
morphometric parameters.

Blood samplesfrom the Old World primateswere col-
lected viafemoral venipuncture and placed in vacutainer™
tubes. From each animal, whole blood was collected for
biochemical tests and serum banking. An additional vol-
ume of whole blood was collected for a complete hemo-
gram, using ethylene diaminetetra-acetic acid (EDTA) as
an anticoagulant. From the Neotropical primates, whole
blood was collected for the same |aboratory examinations
viafemoral venipuncture, using 5 ml disposable syringes.
Blood volume was collected by drawing an amount less
than 10% of theanimal pre-measureweight (Fortman et al.
2002).
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All the studies were conducted according to guide-
lines set forth in the Guide for the Care and Use of Labo-
ratory Animals.

Hematological studies - For the hematological stud-
ies, data were from adult animals grouped according to
sex. The following analyses of blood components were
performed using commercially availablekits: cholesterol,
urea, lipids, total protein and al bumin, aminotransferases
(AST andALT) (CELM™ CiaEquipadorade Laboratorios
Modernos, Barueri, SP, Brazil), and chlorides (LabTest™
DiagnosticaS.A., Lagoa Santa, MG, Brazil). Total erythro-
cyte, leukocyte and hemoglobin counts were carried out
with thecellular counter 530/550 (CEL M™ CiaEquipadora
de Laboratérios Modernos). Wright's coloration (Frankel
1970) was used for blood smears. Hematocrit valueswere
performed according to standard procedures (Lima2001).
Commercial assayswere conducted in accordance to the
manufacturer’sinstructions.

Statistical analysis- The cytological and biochemical
datawere analyzed by Student’st test (Bussab & Morethin
1993), with p< 0.05 being statistically significant. Diverg-
ing values were not considered according to previous
recommendation (Stanley & Cramer 1968, Buchl & Howard
1997). Therefore, fiverhesusmonkeys, three squirrel mon-
keys and three cynomolgus monkeys, that were consid-
ered clinically healthwere excluded inthisanalysis, since
they presented discrepancies in their hematological val-
ues, such as accentuated eosinophilia, leukocytosis and
neutropenia, when compared with the rest of the analyzed
groups.

The data obtained were compared with that found in
the literature, using established methodologies similar to
those used in the published works. Datawere compared
between animals housed under similar conditions. The
morphometric parameterswere examined by multivariate
analysisof variance (MANOVA) for comparing the varia-
tions in the body measurements between sexes and dif-
ferent age groups. Analysis was performed using SPSS
(Statistical Packagefor Social Science).

RESULTS

Tomorecarefully analyze potential differences between
animals in our colonies and data published from other
colonies, data were collected and analyzed for animals
according to age, reproductive maturity, and sex. Inaddi-
tion, asingle blood sample was collected and a standard
blood profile wasrecorded for each animal. The morpho-
metric data are shown in Tables | to VI and the hemato-
logical parameters are shown inthe Tables V11, VIII, and
IX.

DISCUSSION

Research primates are in increasingly short supply.
Asthe source of non-human primates extends into previ-
ously unutilized colonies, variationsin normal physiologic
parameters between animal s of different colonieswill be-
come more important. In this study, we examined the
morphometric and hematol ogical parameters of our closed
colonies of rhesus macaques, cynomol gus macaques, and
squirrel monkeys. We retrospectively analyzed morpho-
metric datafor afiveyear period (1997-2001) from alarge
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number of animalsthat likely have similar genetic back-
ground. A single blood sample was collected from all
animals at the sametime (during the breeding season). In
addition, animals have all been managed with the same
housing and feeding conditions. Finally, to maximize con-
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sistency within groups, animals were divided by age and
sex. With these efforts to compare data from animals in
homogenous groups, we were able to obtain representa-
tive data (Altshuler et al. 1971) and to establish baseline
parametersfor the colony (Rollinset a. 1970).

TABLE |
Morphometric data of rhesus monkeys (Macaca mulatta) males

Agegroup Weight (g) Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 1228 + 348.1 2352+ 257 1528+ 1.74 19.19+ 233
n=45 (600-1880) (18-29) (11-19) (15-29)
Infants 2656.7 + 370.5 31.41+ 358 18.75+ 3.58 26.62 + 4.08
n=24 (1780—-3240) (25-45) (13-24) (23-44)
Juveniles 4135 + 300.4 35.22 £ 3.83 21+1.58 29.67+1.12
n==6 (3800-4520) (31-39) (19-23) (29-32)
Youngs 5455.7 £ 625.75 39.63+2.44 2312+ 1.89 33.25+1.83
n=13 (4440-6160) (35-43) (21-25) (32-36)
Adults 10442.9 £ 3275.7 48.78 + 6.25 2531+4.15 4368+ 6.25
n=34 (5700-16800) (41-56) (20-29) (34-62)

Values are expressed as the mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months

TABLE I
Morphometric data of rhesus monkeys (Macaca mulatta) females

Agegroup Weight (g) Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 1103.7 + 259.7 23.07+2.26 14.81 + 1.59 18.74 £ 1.36
n=43 (610 — 1620) (18-27) (11-19) (15-21)
Infants 2551.54 + 278.1 30.96 + 2.01 18.84+ 154 2526 + 1.19
n=26 (2040 — 3100) (27-35) (16-22) (23-29)
Juveniles 3489.2 + 303.6 35+1.89 21+1.58 28+ 1.16
n=13 (3080 —4320) (32-398) (18-25) (26 —31)
Youngs 5215.6 + 684.2 39+ 3.75 22+ 2.46 32+£238
n=9 (4560 — 6600) (29-42) (18-26) (30-37)
Adults 8575.1 + 2026.7 44.28 + 3.92 23.08+3.14 41.6+5.27
n=141 (5000 — 15600) (22 -52) (15-45) (28 -60)

Values are expressed asthe mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months

TABLE I

Morphometric data of cynomolgus monkeys (Macaca fascicularis) males
Agegroup Weight (g) Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 788.46 + 166.43 21.23+1.92 32.6+3.17 16.8 £1.86
n=13 (560 — 1050) (18-24) (26 -37) (14 -20)
Infants 1619.1 + 222.1 28.42 + 1.68 425+ 421 21.41+124
n=12 (1200 — 1960) (26 -31) (32-50) (20-23)
Juveniles 2362.7 + 313.95 32.82+1.66 48.09 + 6.47 24 +2.32
n=11 (1800 — 2920) (31-35) (30-55) (19-27)
Youngs 3292.5 + 584.26 355+ 3.06 52.25+7.18 27.17+1.80
n=12 (2500 — 4300) (29 —40) (32-59) (25-31)
Adults 6418.2 £ 1737.3 43.50 £ 5.35 57.50 + 9.68 35.5+3.78
n=22 (3860 — 11350) (37-62) (35-69) (30-43)

Values are expressed asthe mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months
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Comparison of normal hematol ogic parameters of ani-
mals in our colonies and data in the literature (Schultz
1961, Melvilleetd. 1967, Robinson & Ziegler 1968, Stanley
& Cramer 1968, Altshuler et al. 1971, Ausman et al. 1976,
Beland et al. 1979, Matsumoto et al. 1980, Suzuki 1981,
Kakomaet al. 1985, 1987, Yoshidaet al. 1989, Buchl &
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Howard 1997) revealed discrepancies with significance
levelsof 0.1, 1 or 5%. The differencesin the results may
be accentuated by environmental factors and/or differ-
encesin the genetic make-up of our colony animals. Due
to the fact that these have been closed colonies for sev-
eral decades, the high incidence of inbreeding likely has

TABLE IV
Morphometric data of cynomolgus monkeys (Macaca fascicularis) females

Agegroup Weigh () Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 664.29 + 166.92 20.29 £ 1.50 32+216 16.28 + 1.70
n=7 (420 — 860) (18-22) (29 -35) (15-19)
Infants 1492 + 209.01 27.3+1.63 435+284 21.7+216
n=10 (1200 — 1800) (24-29) (38-48) (19-27)
Juveniles 2025 + 217.01 328+ 257 482+ 214 23.1+1.10
n=10 (1740 — 2400) (30-38) (45-51) (21 -25)
Youngs 2572.2 £ 295.2 34.78 £ 1.64 51.56 + 3.36 2533+ 141
n=9 (2160 — 3000) (33-38) (48 —59) (23-27)
Adults 4490 + 1051.8 39+214 52.07 + 3.62 32.21+2.86
n=14 (3000 — 6100) (36-42) (46 —58) (27-37)

Values are expressed as the mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months

TABLEV
Morphometric data of squirrel monkeys (Saimiri sciureus) males

Agegroup Weight (g) Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 328 + 166 20+£3 32+3 12+1
n=13 (560 — 1050) (15-27) (28-37) (11-13)
Infants 522 + 67 24+1 39+3 15+1
n=17 (394 —620) (21-26) (21-26) (13-16)
Juveniles 671+ 58 26+2 40+2 16+1
n=14 (550 — 750) (22-30) (38—-44) (14-17)
Youngs 745 + 88 27+1 40+2 17+1
n=12 (580 —900) (25-29) (37-43) (15-19)
Adults 851+ 119 27+2 40+2 17+1
n=15 (660 — 1100) (21-30) (35-42) (16 -19)

Values are expressed as the mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months

TABLE VI
Morphometric data of squirrel monkeys (Saimiri sciureus) females

Agegroup Weight (g) Crown-rump (cm) Tail (cm) Thoracic perimeter (cm)
Babies 283+ 54 20+ 3 31+4 12+1
n=13 (160 —360) (15-21) (14 -20) 9-13
Infants 498 + 61 24+1 39+2 14+1
n=15 (327 -570) (22-25) (37-45) (14-15)
Juveniles 601+ 98 26+2 40+ 2 15+1
n=11 (500 — 850) (23-29) (36 -43) (14-16)
Youngs 621 + 60 26=+1 40+ 3 15+1
n=15 (520 — 760) (24-29) (31-44) (14-16)
Adults 664 + 71 26+2 41+ 2 16+1
n=17 (560 — 800) (22-28) (37-45) (14-17)

Values are expressed as the mean + standard deviation; n: number of studied animalsin each age group; Babies: 0-6 months; Infants:
7-18 months; Juveniles: 19-31 months; Youngs: 32-44 months; Adults: 45-192 months
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resulted in the emergence of genetic factors, which may
have contributed to changes in the physical characteris-
tics of the animals, including morphological and hemato-
logical parameters. Introduction of new animals could
address this particular issue as well as improve the ge-
netic conditions of this unique animal population.

The most significant difference between our colony
and otherswas observed in the hematol ogical data (Krise
& Wald 1960). These differences may be due to several
things including genetic differences, deficiency of vita-
mins (Kaplan 1977, Demaray et al. 1978), unrecognized
disease (Melville et a. 1967), housing and stress condi-
tions, and method of handling and blood collection. In
addition, there was variation within our colony that sug-
gests underlying disease, although the animals appear
clinically healthy. Frequent episodes of alopecia, occur-
ring during different periods of the year, affecting 25% of
the rhesus monkey colony, may be an indication of stress,
nutritional deficiencies, or disease. However, despite the
alopecia, animals were considered healthy, since their
behaviour and clinical conditionswere normal when com-
pared to the other animals of the colony. Another expla-
nation for the discrepancies found could lie in the fact
that the animals were held during many yearsin a closed
reproduction system. This hypothesis, however, needs
further, more extensive studiesin the future.

Before undergoing venipuncture, the animals in the
study were subjected to dissociative anesthesia with
ketamine hydrochloride. Among the factors that provoke
hematological changes and may have influenced the ob-
tained results are the stress caused by physical restraint
and anesthesiawith ketamine hydrochloride (Ives & Dack
1956, Loomis et al. 1980). This drug causes decrease in
total proteins, hematocrit and leucocyte counts (mainly
lymphocytes and neutrophils) (Loomis et a. 1980). On
the other hand, the acute stress caused in the animals for
not being used to handling, resultsin the so-called “alarm
reaction” characterized by hemoconcentration (increase
of hematocrit and total proteins), lymphocytosisand neu-
trophilia(lves& Dack 1956). Thismechanismisrelated to
the sympathetic response, displacing neutrophilsfrom the
capillary beds and releasing lymphocytes from the lym-
phatic system. Under anesthesia, however, circulating
catecholamines are dispersed and the hemogram returns
tonormal levels. Compared with datain theliterature, the
analyzed animals presented accentuated |ymphocytope-
nia, neutrophiliaand discrete microcytic anemia.

With regards to squirrel monkeys, the urea nitrogen,
albumin, and total protein levelsdiffered from thelitera-
ture found. The chloride values did not reach significant
difference between the reported valuesin other colonies.
However, whilethe cholesterol levelsin malesweresimi-
lar, the females values were lower (0.1% of significance
level) (Beland et al. 1979). Reasons for such discrepan-
cies need further investigation, including the possibility
of adifferent nutritional strategy.

Regarding the morphometric data, body weights of
the animalsaccording to age and sex were similar to those
described previoudly (Clarke & O’ Neil 1999). Weverified
that the weight of cynomolgus monkeys was similar to
established findings, where the males weighed between

Biologic Data of Monkeys for Research = Marcia Cristina Ribeiro Andrade et al.

3.5and 9 kg and thefemal es between 3 and 6 kg (Altshuler
etal. 1971). Growth curves(Figs1, 2, 3) showed that the
sexual dimorphism of rhesus monkeys appeared at four
yearsof age. The differences between sexes could not be
distinguished (a = 0.05) at an earlier age. Sexual dimor-
phism found in the rhesus monkeys of this colony coin-
cides with that in the literature (Schultz 1961). Sexual
dimorphism in both squirrel monkeys and cynomolgus
monkeys occurred at 32 months of age.
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Fig 1: grown curve of rhesus monkeys (Macaca mulatta) in both
sexes, divided by five age groups.
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Fig 2: grown curve of cynomolgus monkeys (Macaca fascicularis)
in both sexes, divided by five age groups.
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Fig 3: grown curve of squirrel monkeys (Saimiri sciureus) in both
sexes, divided by five age groups.
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Because the squirrel monkey issmaller and more eco-
nomical to maintain than larger non-human primates, it
has become an extremely popular animal for research pur-
poses. However, it is essential that optimal condition for
their long-term maintenance and reproduction in captiv-
ity be identified and utilized (Rasmussen et al. 1980).
Rasmussen et al. (1980) revealed that there was a highly
significant relationship between birth weight and infant
survival based on data collected from a largely indoor
cage system. Studiesin Fiocruz colony did not confirm
thisfinding possibly due to a housing environment com-
parable with their natural setting.

In conclusion, the biological data and growth curves
presented in this paper could be useful for comparative
purposes in studies using primates under similar condi-
tions.
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