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Objective:  To evaluate the potential of the gibbon and t ree  shrew for u s e  a s  
laboratory primates in  the study of in£ ectious d i seases  , drug toxicity, nutrition, 
physiology and biological behavior. To evaluate and seek  solution to  any diffi- 
cu l t i e s  t hese  animals may present a s  experimental animals. To define norms 

t of anatomy, health and nutrition under both field and laboratory conditions. To 
, asce r t a in  the  natural d i seases ,  ec to  and endoparasites of these animals.  To 



determine the abil i ty of t h e s e  animals to  be colonized in  Thailand and other parts 
of the  world. 

Description: The t ree  shrew (Tupaia glis)  a small hardy primate found i n  abund- 
a n c e  i n  Thailand is receiving increasing attention i n  the United States a s  a pot- 
ent ia l  research animal. This animal, one of the most primitive primates i n  the  
evolutionary s c a l e ,  would be a desirable research animal i f  i t  could be adapted to  
laboratory conditions. The t ree  shrew would hopefully have most of the  biologic- 
a l  advantages of the  primate and because of its s i z e  and hardiness,  the housing 
and c a r e  advantages of a smaller animal. Attempts a t  breeding these animals i n  
captivity have met with very limited succes s .  

The white handed gibbon (Hylobates lar lar) is widely distributed in  Thailand. 
These apes  a r e  high on the  primate tree and a s  such  are  excellent subjects  for 
behaviorial s tudies .  Published reports by Carpenter (1940) and Kawamura (1958) 
i l lus t ra te  the life cyc le ,  individua 1 behavior, socia 1 patterns , the  communication 
and other aspec ts  of the  natural l ife of this animal. Attempts a t  breeding i n  cap-  
t ivity have met with very limited or no succes s .  The approash to  this project 
must depend on our understanding of fundamenta 1 inter-rela tionships of t hese  
a nima 1s and their interactions with their environment. Our understanding of the  
interactions of these  animals i n  field situations may determine the survival of the  
animals in conditions sui table  for research purposes. The project will be divid- 
ed in to  two stages:  pilot study and detailed study. 

1 .  Gibbon (Hylobates h r  lar): The pilot study will  begin i n  field a reas  where 
the  gibbons can  be obtained. Thirty-five (35) gibbons will be obtained and stud- 
ied  under caged conditions.  A physical examination will be given a t  time of re- 
ce ip t .  Stool samples wil l  be acquired for bacteriological, virological, and para- 
si tological  examination upon receipt  and on days 2 and 3. Blood will be drawn 
a t  t ime of receipt for hematologica 1 and parasitological examination. Serum wil l  
be obtained and frozen for  future reference. Cultures for respiratory flora (virol- 
og ica l  and bacteriological) will be obtained a t  time of receipt .  

Animals will be caged individually for thirty (30) days for conditioning. Once 
anima 1s have been found free  of Shiqella SJ. and internal parasi tes ,  have adapted 
t o  t he  d ie t ,  and have been found to  be otherwise normal, they will be caged under 
various cage  conditions . Ps ychologica 1 characterist ics of the  anima 1s maintain- 
ed under these  conditions will be observed and recorded dai ly .  Stools ,  recta l  
swa bs , and blood will be collected from the animals monthly for laboratory exam- 
ina t ion .  Blood pressure ,  pulse ,  respiration and weight will be recorded a t  th i s  
t ime. Animals will  be tuberculin tested every three months. 

Sick animals will  be removed from cages and isolated from the colony. Nec- 

e s s a r y  laboratory examinations will  be performed a s  indicated. A l l  dying anima 1s 
wil l  b e  necropsied, and subjected to  a complete histopathological work up. Swabs 
of l iver ,  lung, sp leen  and intestine will be s en t  for micro-biological study. i 

Serial  sacrifice of two (2) animals from one cage  of four, two (2) animals caged 



together and one (1) individually caged will be accomplished on Day 30,  Day 240 
apd Day 360. 

2 . Tree Shrew (Tupaia qlis): Young tree shrews will be obtained. Some will  
be used to  study ideal  cage  s i z e ,  type and number of animals per cage .  Some 
will  be used for biochemica 1, his topathological, microbiological and para sitolog- 
i c a l  s tud ies .  Caged anima 1s will be observed daily.  Various diets  will  be fed 
individual groups . Sick anima 1s will be removed and isolated from the colony. 

I 

Treatment will be administered a s  symptoms dicta te .  Dead animals will  be necr- 
opsied . Sacrifice of newly purchased and conditioned animals will be made for 
biological studies . Necessary feca l ,  blood, serum and t i s s u e  samples will be 
collected from s i c k ,  dead or sacrificed animals. Other s tudies  will  be performed 
a s  necessi ty  dictates or opportunities allow. 

Proqres s : 
1 .  Gibbon - Plans a r e  being made, cages  and equipment a r e  being acquired. 

2 .  Tree Shrews - Two shrews (one male and onefemale) per cage were each 
given (GBL Baking Co  .) ra t  and mouse d ie t ,  simian diet  and dried dog mea 1 (vari- 
ous  companies) t o  see if shrews could subs is t  on any of these  d ie t s .  The former 
two (2) pairs of shrews survived 4 ,  13; 6 ,  12; respectively. One male and one 
female t ree  shrew were maintained on dog food for 30 days before being killed 
for laboratory studies (designated TS 1 and TS 2). One male shrew maintained 
on  fruit fortified with vitamins for 20 days ,  was gradually losing weight and was 
changed to  dog food and has  regained weight and remained i n  apparent good health 
for the  l a s t  66 days .  One male and one female have been maintained on dog food 
for 85 days and have remained i n  excellent physical condition. Based on these  
unexpected,  remarkable resul ts  with dog food, this die t  has  been used for the  re- 
mainder of the s tud ies .  Twenty seven  (27) females and twelve (12) males have 
been  maintained on this d ie t  for 5 months . 

Five cage  designs a re  being investigated init ial ly.  A l l  compare favorably in 
regard to  health and well being of the  animals . Nesting boxes or solid partition- 
ing offering the shrews a n  opportunity t o  isolate  themselves i n  a darkened area 
appear to  be essen t ia l .  The cages  presently in  u se  are  a s  follows: 

a . Aluminum construction with galvanized wire s ides  top and bottom. 
Dimensions 48" x 24" x 24" with nes t  boes 7" x 15" x 8" and removable wire 
pa rtition . 

b. Galva.nized wire construction dimensions 24" x 29" x 16"  with nes t  
boxes 7" x 15" x 8 " .  

c . Aluminum construction, solid back, s ides  and top galvanized wire front 
and bottom dimensions 24"  x 29" x 16" with nest  boxes 7" x 15" x 8" . 

I d .  Galvanized metal, wire and wood construction double compartment. 
Dimensions 48" x 24" x 18" . Built i n  nest  box constructed of wood. 
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e.  Stainless  s t e e l  24" x 24" x 8 "  with s ta in less  s t ee l  wire  top.  

Limited data has  been obtained which indicates that a l l  of the  cages  a r e  s a t i s -  
factory for housing t h e s e  animals .  Cage C appears to be quite sui table  for hous- 
ing one  pregnant female prior to parturition or one male and two female non-preg- 
nent shrews.  Mating and conception has occurred i n  a l l  designs  except cage  E .  
Water is supplied via water bottles and drinking tubes similiar to those  used for 
other laboratory anima 1s . Water consumption is not impaired and this  seems  to 
be a very efficient method of supplying i t .  About 5% mortality occurs within the  
first  30 days  of capt ivi ty .  After a 30 days stabil ization period no deaths  occur.  

Five tree shrews have become pregna nt i n  captivity and five pregnant shrews 
were purchased.  One  of the  former group and three (3) of the lat ter  group have 
given birth to  1 ,  2 ,  2 ,  and 3 babies respectively.  Two of these  l i t ters a r e  doing 
f ine  after  5 days .  Of t he  other two one failed t o  nurse the  young the  t he  other a t e  
her bab ies .  

Fifteen (15) male and thirteen (13) female t ree  shrews have been sacrif iced 
for laboratory s tud i e s .  Four shrews died and t i s sues  were submitted for pathol- 
ogy only.  The hematology, biochemistry resul ts  a r e  summarized in  Tables , I 
I1 and I11 . 

Coliform, Proteus sp, paracolon s p ,  Pseudomonas S_E, and Strep feca l i s  were 
found 100%, 90%, 48%, 62% and 71% of intesintal  specimens respect ively .  
In  addit ion,  aeroboeter sp, klebsiella s p ,  micrococus s, and bacil lus sp. were 
occasional ly  i so la ted .  0ccasiona.l ly a coliform micrococus and/or bacil lus sp. 
would be isola ted from kidney t i s sues  . From the tongue and throat swabs , 
bacil lus a, pseudomona.~ 2, micrococus 2, a,lpha s t rep a.nd coliforms were 
commonly isolated and proteus was occasionally isolated.  In  one c a s e  of ocul- 
a r  d ischarge,  a. Staphylococcus and a coliform were isola ted.  Otherwise a.11 other 
organs were negative for bacteria . 

Nine of the  twenty eight (28) a.nimals ha.d s l ight  t o  heavy infesta.tions of 
spa.rgana , and one of v i e  (5) ca.rcasses examined had 3rd s t age  larva of Gnasto- 
stoma spec i e s  . Results of necropsy exa.mina t ions a re  summa.rized i n  Table IV. 

Discussion:  The e a s e  with which the  t ree  shrews adapted to  dog food, a cheap ,  
readi ly  avai lable  and e a s y  to  handle die t  simplied this phase of t he  investigation.  
After t h e  init ial  phase  of adaptation to  the  environment, during which time the  
condit ion of some anima 1s progressively deteriorates , the  surviving a nima 1s appear 
t o  thrive on  this  d i e t .  Most of the  animals purchased s o  far  a r e  sub-adults  or 
young adul ts .  In  the  f i r s t  mating season  5 of 2 7 females held i n  capt ivi ty  for 
more than  5 months have become pregnant. Since these  animals a r e  reported to  be 
re luctant  to breed i n  capt ivi ty ,  this  i s  a very encouraging ra te  of conception.  
Further, the  only one of t he se  f ive  to have given birth s o  far ,  i s  nursing t he  baby 
very w e l l  and is presenting encouraging signs of overcoming a second difficult i 

phase - rearing the  young i n  captivity. The biological values obtained o n  the  
\ 



I s acr i f iced animals a r e  too few to make strong comments about .  Not enough num- 
bers a r e  avai lable  to  determine if  there is or not a s e x  difference in  the  hematol- 
ogy and blood chemistries values .  

In  Table I11 some interesting values a re  presented. The only pregnant female 
killed had a n  extremely high alpha 2 globulin (1.1 mg%) value compared with 0 .2  
to  0.4 for a l l  other female tree shrews examined. Also two female shrews had 
sp l i t  beta globulin peaks and two male shrews had no detectable  alpha 2 globulins. 
Attempts to correlate t hese  findings with a n  abnormal s t a t e  have not been done. 
The bacteriology resu l t s  are  notremarkable and c a n  be consiiered a s  normal bact- 
erial  flora. The high incidence of Spargana is surprising s ince  shrews a re  report- 
ed t o  be fructiviorous and insectivirous . This finding suggests  the inclusion of 
f rogs ,  toads ,  etc . , a s  part of their native diet .  

Summary: Tree shrews ( ~ u p a i a  glis) have been shown to  survive on commercial 
dry dog meal when housed in  various type cages .  Hematology, biochemistry, 
bacteriology, pa.rasitology a.nd necropsy results  a.re presented on sa.crificed a.ni- 

I ma.ls . This study is continuing. 

Table I 

BLOOD CHEMISTRY 

FEMALE MALE TOTAL 
Average Range Number ~ v e r a i e  Range Number Average Range Number 

Thymol (Thymol Units) 1 .7  - 1 1.2 0.7-2.0 3 1 . 3  0.2-2.0 4 

Cholesterol (mg%) 8 9 55-193 5 92 52-132 7 9 1 52-193 12 

Urea N2 (mgX) 34.2 13.7-84.4 11 37.5 21.2-87.6 14 36.1 13.7-87.6 25 

Protein (gm%) 

Alkaline Phosphotase 
(Sigma) 

SGOT (S.F. Units) 

SGPT (S. F. Units) 

Bilirubin Direct (mg%) 

Total 

C 0 2  (mM/L) 

~ a +  (Meq/L) 

K+ (Meq/L) 



Table  I1 

HEMATOLOGY 

FEMALE MALE TOTAL 
Average Ranqe Number Averaqe Range Number Averase  Range Number 

Hct  (%) 

Hgb (gmO/,) 

WBC ( ~ 1 0 0 0 )  

RBC (x106) 

N (XI 

L (%I 

B (%) 

E (%I  

Baso (%) 

M (XI 

Table  I11 

ELECTROPHORESIS - SERUM PROTEIN VALUES 

FEMALE MALE TOTAL 
Average Range Number Average Range Number Average Range Number 

Tota 1 4 . 1 6  2.8-5.6 9 3 . 7 1  2.7-5.1 9 3 . 9 3  2.7-5.6 18 
Globulin (gm%) 

Alpha 2 (grn%) 0.29 * 0.2-0.4 8 0 . 3  0.0-0.5** 9 0.29 0.0-0.5 17  

Beta (gmX) 1.82 N . 8 - 3 . 1  9 1 .74  1 .1-2.9  9 1 .78  0.8-3.1 18 

Gamma (gm%) 1 . 6  0 .8-2.1  9 1 . 3  0.3-1.8 9 1 .4  0.3-2.1 18 

Albumin (grn%) 1 .94  1 .1-3.0  9 2 .13  1.1-3.6 9 2.04 1.1-3.6 18 

A/G Ratio 0 .5  0.3-1.0 9 0 . 6  0.2-1.3 9 0 .6  0.2-1.3 18 

* 1 pregnant female wi th  1 . 1  alpha2 value 
** 2 males  with l iver damage 0 a lpha? 
+ 2 females  had a sp l i t  peak 



Table IV 

SUMMARY OF NECROPSY FINDINGS BY ORGAN SYSTEMS 

1. SKIN 

a,. 2 animals had num.erous bites from ectopa.ra.sites . 
, , b. 1 animal had yeast-l ike fungal infection of the skin.  

c.  9 animals had spa.rga.na in  subcutaneous t i s s u e s ,  4 with heavy infection; 
t he  worms were most frequently found in the region of the  groins or lower a.bdo- 
men, followed by the  a.xilla.e, flanks and instra.scapular area. in  tha,t order. 

2 .  SKELETAL MUSCLE 

a.. Sarcos poridia were found in 1 a.nima1. 
b .  La.rvae of Gna.thostoma. spec ies ,  third sta.ge were found in 1 a.nima.1. 

( ~ r .  Svast i  ~ a e n g s v a . n g )  . 
3 .  EYES 

a .  1 anima.1 ha.d a foreign body in the eye.  
b. 1 a.nima1 had infla.mmation of the right cornea.  
c .  1 anima.1 had whitish st icky discharge from both eyes; no inflammation seen  

on  eyeballs on microscopy. 

4 . ,SALIVARY GLANDS 

1 a.nima 1 ha.d enlargement of the salivary gla.nds with ducta.1 hyperpla s i a  . 
5 .  HEART 

a .  1 animal, which was found dead, had large hemorrhages i n  the heart; 1 0  
other a nima 1s had small hemorrhages probably due to  cardiac puncture for blood. 

b . 1 a nima 1 had dextro-cardia . 
c . 2 animals had striking numbers of mast-like ce l l s  i n  the myocardium. 

6 .  LUNGS 

a .  3 anima 1s had granuloma ta containing nematode larvae in  various s t a g e s  of 
development (identified a s  Toxocara SJ. by Dr. Crooks).  

b .  6 animals had lymphoid nodules or patches near bronchi, very marked in  
1 animal .  

c.  1 6  animals had congestion of blood ves se l s  in 2 animals there were hemor- 
rhages (1 which was found dead,  a l so  had hemorrhagic edema of paratracheal 
connective t i s sue) .  



Table IV (Continued) 

a , .  7 a.nimals ha.d fa.tty cha.nge of the  liver c e l l s ,  4 s l ight  only,  1 quite marked. 
b. 3 a.nima.1~ had focal  necrosis , not ma.rked . 
c.  6 an ima.1~  ha.d inflamma.tion of the  porta.1 tra.cts , 1 with s l ight  f ibrosis.  
d .  4 anima.1~ had congestion of central  veins a.nd/or s inuso ids ,  (1 wa.s found 

dea.d) . 
e.  I n  7 a.nima.1~ , the  liver c e l l s ,  particularly i n  centrolobu1a.r a.reas , were 

ma.rkedly vacuola.ted . 
f .  1 a.nima1 had a, cys t  containing a, para.site. 
g . I n  2 animals the liver was  a.utolysed (found dea.d) . 

8 .  SPLEEN 

a . 4 animals had congestion of the  spleen; 2 of these  a l s o  had hypertrophy 
of t h e  fol l ic les ,  1 with very large germinal centers (found dead); 1 of the  animals 
had thick capsule  and trabeculae.  

b .  2 animals had neutrophiles i n  t he  red pulp. 

9 .  PANCREAS 

a . 1 animal (TS #4) ha.d a, cys t  conta.ining a parasite with eggs.  

1 0 .  GASTROINTESTINAL TRACT 

a .  6an ima. l~  ha.d para.sites in  the  submucosa of the  stoma.ch, 5 had pa.rasites 
i n  t h e  in tes t ines ,  (2  had pa.ra.sites i n  both). 

b.  4 anima.1~ had eosinophiles i n  considera.ble numbers i n  the  mucosa., but no 
pa.ra.sites were found. 

c .  2 animals had lymphoid patches i n  the  stoma.ch a.nd 1 i n  the  intes t ine .  
d .  1 a.nima.1 (TS # 6  found dea.d), had congested and distended intestine sm,  

ma.rkedly congested omenturn, a.nd greyish yellow exudate i n  the peritonea.1 ca.vity. 

URINARY TRACT 

a, .  1 anima.1 had (TS #4) chronic pyelonephritis. 
b. 4 a.nima.1~ ha.d some ca ,s ts  i n  t he  tubules.  
c .  6 animals had lymphoid nodules or pa.tches nea.r t he  rena.1 pelvis.  
d . 1 animal ha.d genera.lized congestion 1 ha.d sl ightly congested glomeruli. 
e. 1 a.nima1 (TS #2,  with worm larvae i n  the  lungs) had a granuloma, with d e e  

developing nema.tode embryo on the  serosa.1 surfa,ce of the  bladder wal l .  



Table  IV (Continued) 

1 2 .  REPRODUCTIVE ORGANS 

No abnormal changes  were  found i n  t hz  males.  
1 female w a s  pregnant. 
2 fema1.e~ were  lactat ing.  
4 females had neutrophiles i n  t h e  uterine lumen. 
2 females  had congestion of the  uterus and thick endometrium. 


