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ERXOTIONAL HYPERGLYCEMIA AND HYPRERTHERMIA IN
TROPICAL MAMMALS AND REPTILES
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Contrasting extrimes in activisy which are shown by dificrent mammals
and repliles in the Ameriean tropies present a stimulating physiological
challenge as well ag an intercstinzg nature study.  MMonkeys and sloths
are remackably opposed examples, and all degrees of activity are ob-
served between these forms, A relentlessly uniform thermal elimote the
year round is neveribieloss charneterisiic of their habitat,

A commen eondition, emotion, wnd correluted ehanges in Llood zlucose
and body temperature, hiave recently boen studicd in beth the sbove aee
tive and relutively incctive animals forms, and compaiison has been
made with responses in o number of other tropical species,  The possible
detection of an cvolutionary trend in psychosomatic oxpressions was
considered. A large number of mammals and several repiiles were
studied,

Meruons, The work was enrided out under fairly idenl physiologieal
conditions in a jungle laborastory or in o nearby station in Panama!
Freshly collected animals were used,  Most of the CXPETITICILE woere Tun
in tie morning alter the animals had fasted approximately 12 hours over
night. Normal or preéxeitemént blood samples were taken with the
least disturbance of the animal and as quickly as possible after withdraw-
ing it from the cage. Blood glucose deierminations were made according
to the method of Folin and Malmros (1639). Deep rectal temnperatures
were talen,

Emotional excitement was roadily elicited in nearly all specimens,  Usy-
ally an animal was restrieted or comered in o coeo or some part of the
laboratory by one or more attendants, and simple thrusts and sullies made

boward it with a straw brush or with one's heavily-gloved hand, A sham

P Jobin Simon Gugmenheim Mamarial Fellaw, 1037238,

* The physiclogical phascs of these stadies were carpied out at the Barere Celarads
Island Laboratery, C.Z., and the Gorgas Memaorizl Lahoratory, Hep, Paname.
The thanks of the suthors are gratefully extended to Mr. James Zecok and Dr,
Herbert G, Clark of these laboratorios respectively for their unfailing courtosios
during the investizations.
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TADBLE 1
Blood suger and body lemperatire changes on emollonal excilation of vartous
fropieal aatmoels

ANIMAL TAED I

White-faeed monkey
Colbus capuctate tmtlalar. . oL
MarmoscE minniey : : |
Leontocebus goaffeogd o000 o0 u L
Black smider ]I'I.I’JI'ik:}:r'
-1'4'|'LR alitriensis.
Leal spider m rmkcz;r
Aleles genfirayi. .
Nirht dMonkey
;luilaazannh's................,,

Yampire bat

Degmiodus rolundis arinus . ... ...
Fruit bas

Trhyy! i'n#!nm:ug hasfalus,
Short-toiled bat

Hemuderma perspicalialum. . .o, .., ...
Brown Lat ;

Chilonyeterts rublginesa. . oo .. ...

Ceelot

Felie pirrenais,
Yrecoon

Procyomt canerivdmud. . . oo
Finkajiou

Cereoleples eandivelvulug . . 0. .
Capyhbnra

fydrochocrus tathmicus, o o000
Spiny rat

Prosehimis Semispinosus. oo ivonls

Mountain pecearcy

TG B LT S e i e e s e
Collared pecearcy

Peoart angadalitd, oo 0o e
Two-taed slotli

Choloe et hofmannt. ... oo,
Three-toed slach

Hradypus griseus. ..o
Armadille

Dasypus movemeinelud, ..o .l
Mexican opossum

Mo TR e S S e T
Zorro opossum

Didelphis morsuptalia. .. .. .. .. ...
Water apossum

C}ili’ﬂﬂ(c;cﬁ' "?ﬁi"l-ﬂ?ﬂ-f-'l"ﬁ“-ﬁ

Crocodile |
Crocodylus moedus, ..oooonoino oo

Hattlesnake !
Clroi e miber: s R e R
Fer-de-lance
Bolfvrops abrom o 0w i e D v ]
Boa constristor !
Constricior ¢, FRPEETEGE e o s os i ]
Rainbow boa ]
Epierates eencheis. .o .. ..., L
Coral snake
Aicrurus nigropinciUd. oo ie e .a. {
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| ;ermr,in:-: Icn-.l:-:ir.-n.
| mom | mim o cad 6. |
57132 105 | 2 2.5 0.3
uz—mu 195 | 31 388 o8
;.5-.3.;!‘114 23 :aﬂ.z 0.2
| T9-105 03 | 20 | 83.3 1 0.5
100154 130 | 25 | 38.5 | 0.8
i
11‘2 2150 192 | 28 | 38.4 | 0.6
33-065 | 62 | 10 |33.9! 0.6
s{t-ﬁal 6| 9 ?,5! 0.7
6066 | 64| 7 |38.7| 0.3
]
75-174) 114 | 40 [ 38.7) 0.9
?1-111? g2 1g 39.05 0.9
s7-185 117 | 2 bare | 13
:rw-.m! 219 | 16 370 0.0
3.—1355 2 o9 laral 0
o0-105) 135 | 12 | 987 6.9
i'IS-~1LG!' o4 15 ?33.-5 1.3
R o | 316 | 0.5
se-1180 81 37 |33.21 0.5
sor| 72| 24 |are] 1
62-105 82 | 30 35.?I 1.4
69-94 | 80 | 23 | 349 L0
B7-01 1 79 | 26 135.2] 1.1
I
?&133? 01| 25 (274 L4
67-00 | 75 | 16
63-57 | L fA2| L1
5180 (* 70 | 18 |23 1.4
00| 9| 14 298] 07
105-100) 107 | 15 |20.2 ] 1.2

DLOOD BUGAR

weT

TAL

TEMIERATUIE

r'LV‘l. rage!

Averaga

F
=35

I M e

G

o
L



732 8. W. BRITTON AWD R F. ®WLIXE

attack poriod of three minutes was used, exeent in a few instances in which
sorewhat more prolonsed Lests wore eoerled o aver six or nine minutos,

Besvrzs. Ii 38 now withia the nrov
detail emosional renctions in diflerent amimals.  Asionzst the mammals,
snagling and hissing, bading of the teeth, biting, clawing and azpressive
charging were common characterisiies,  Aonkeys manifested the sroatest
and sloths and armadillos the least emotional and general physical rese-
tions. In the case of crocediies, vigorous snappinge of the jaws and [osh-
ing of the tail oceurred, while snakes coilad and struek out frequently and
made aitempis to bite. In all eases, the greatesi possible emotional
rosponse was drawn Jorch during the experimental period.

The resuits tndicate that among mammals, the very active or vigorous
forms show the highest normal blood sugar readings,  Thus, the levels in
monkeys, occlots, kinknjous, precarics and capybaras® generally ranged
between 100 mgrm. and 230 mgm. per cent. Relagively inactive forins,
such as sloihs, epossims and armadillos showed lower lovels usually rang-
ing between 80 mgm. and 100 mgm. per cent.  Most of ilie snnkes showed
gimilar velatively low levels,  Inseetivoreus and frusivorous bats showed
the lowest normal Blood sugar levels of all nmanmimals (80 mgm. to 65 mzm.
por cent).  Coarnivorous vampire (blood-eating) bais showed in contrast
the highest Llood sugar veadings {approximately 200 mgm. per cent),
with the exception of the capybara, '

A consideration of the changes en excitation in various groups of abi-
mals shows that the very vizocous ciootionnd responscs of monkoys were
corvclated with laree inerements in blood glucose—iom 20 to 33 nor cont
faverape 28 por cent) in 290 cases.  Blood sugar changes in opossums were
nevertheless equally as zreat as in monkeys—aversge 28 per cent in 15
cases—althourh these animals were not nearly so active as the primates
which were tested,  The greatest hypergiycemic responses were ohsorved in
the case of sloths, especially those of the two-toed variety, notwithstanding
the fact that these forms wers very letharsic and gave little emotional
display.

In most coses the afective and defensive reaciions of sloths to the ot
tack form of stimulation given aborve were confined, 1§ may be observaed,
to gentle hissing and baring of the teeth, and occasional striking wiih the
fore limb pariicularly on the part of the two-tood varledy.  Inscclivorous
and frugivorous bats woere in contrast very ageressive, conlinuslly ai-
tempting to claw and bite and fly; and yed the lafter animals showed the
smallest alterations in blood sugar on exeltation—on the average less than
9 per ceat

Analysis of the resulis shows that in the higher mammals (ineluding
monkeys, ocelots, vamyuive bats) the body temperatures ranged between

Caied panel o deseribe in

i Thie i o very vigorous nlchiough fat animal.
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377 and 407; in these there was an average blood sugar level of 104 mygm
pet cent and an average rise on cmwotional activity of 22 per cent (range,
09-40 per cent, 68 cases).  In the lower manumals Bloths, anmadillos, opos-
sums) the body L LOIIpIC TS r:].n:.;vLi. between 31° and 38°%; and there was -
an averaze blood -wufbn:- evel of 79 mpm. per ceat and an increase on cmo-
tional activily of 37 pev cont {ranze, 24-534 por cont, 38 cases).

In the cmotional reactions shown above, apparently maximal changes
in blood glucose and body tomperatire tool I}];LC{." It was found, at lesst,
that doubling or tripling the excitation time (e, to 6 or 9 min}, in a
number of cnses, did not dfr:-iﬁmu‘l} afivcet the results,

The marked lwpu relycemic reactions obsorved in the case of sloths are
in contrast to the small amount of liver glycogen found in these antmals—
leas than hall 1]1(: amoant found i hgher mammalian types [Eri‘.,m:'.,
Kline and Silvelie, 1935), However, these animals scoumulete large
amounts of food in the stomach (Wislocki, 1928), and even after o Jusiing
period of three days or more the stomach Ilhhu]J}' conkaing consideruble
amounts of partly digested Ieaves and freits having a high carbohydiato
conteni (Britton). Further physiological data on some of the forms uscd
in this study have alveady been published (Britton and Atkinson, 1933;
Brition, Silvelic and Kline, 1938).

It is recognized that blood glucose and body temperature levels may of
eourse fluctuate rather quickly, and that the readings at any one time
represent only the resultant balanee from many metobolic exchanges.
The results which were obscrved under uniformiy controlled conditions
i the present experiments are indieative, howoever, that cortain respo
eharaeteriztio of hizher types are similarly present in many widely differ-
ent as well as lower animal spocies,

S0

SUMMARY

The higher mommalian tropical tvpes, neluding monkeys, show o
higher average blood glueose level and body temperature than lower
typos such ws sloths and marsupinls—on the average 10¢ mezm. per cont
snd 38.5% respectively, compared to 79 mgm. per cend and 347

Hyperglyeemie ropetions from ecmosiona exeltement were more markog
in the lower moammalian forms, and bodsy temperature rises nl=o tended
to be greater on excitation {exeept in sloths),

Sluths showed striking emotional byperglycemic responses, but smeil
changes in body temperature,  In theze animals the apparent psyehic and
general somatic cxpressions were of a low-grade character.

Blood-eating or vampire bats showed normal blood glucose levels three
times as high as inscetivorous and frugivorous bats—an aversge of 1632
mgni. compareed to 63 mom, per cent.  urther, emotional hyperglycemis
was three times as great in the carnivorous bits.
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Reptiles such as snakes and especially crocodiles showed emotiona
hyperglycemic and hyperthermal changes which were not preatly differ-
ent from those observed in mammals.

There was no uniionn correspondence apparcnt between general paycho-
somatic expressions and glycemic and thermal changes in individuals or
in species.
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