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INTRODUCTION AND HISTORICAL REVIEW

Notwithstanding varlous theorles as regard the method

by which Trypanosoma eguiperdum causes death to the host, it

is generally agreed that, at least prior to death, the
carbohydrate metabollism of the host is disturbed. This
circumstance 1is manifested in the severe decrease of glucose
in the blood, accumulation of lactic saclid as an end-product
of glucose metabolism, depletion of the glycogen reserves,
and reduced ability to syntheslze glycogen from sugar.
Furthermore, 1t 1s agreed that the carbohydrate metaboliam
of these pathogenic trypanosomes 1s of an intense nature and
proceeds only asg far as pyruvic acid.

In view of these characteristics of the parasitic ine-
fection, the following hypothesis suggeats ltself: Trypano-
somes contain or elaborate a substance, either enzymatlic or
insulin«like, which directly or indirectly influence the
glucose metabolism of the host.

Chen and Gelling (11) were able to demonstrate glycolye

sis with an in vitro preparation of lysed Trypanosoms egui-

perdum. The experimental results obtalned by Chen (9)
indicate glyeolysis was due to the presence of hexokinase,
S-phosphoglyceraldehyde dehydrogenase, and asdenosine tri-
phosphatase systems in the parasites. It therefore appeared
desirable to substantiate such an effect in animals.

Aeccordingly, the purpose of thlis study has been an attempt



to demonstrate the activity of glycolytlec enzymes in lysed

preparations of Trypanosoma eqguliperdum by in vivo methods.

Trypanosomlasglis and diseases directly caused by trypan-
osomes, affecting both man and beast, have bheen referred to
since the beginning of the sixteenth century (40). However,
only with the development of slave trade and commercial exw
ploitation of equatorial Africa was there made any effort to
investlgate these diseases.

In 1880, Evans (14) showed that surrsa in horses was
caused by trypancsomes. Bruce (8), in 1895, proved trypan=-
osomes to be the causal organism of nagana, a disease of
domestlc cattle and horses. He demonstrated that the ine
fectlon was transmitted by glossine, tasetse flies, with wild
game serving as reservoirs of infection.

The Royal Soclety Sleeping Sickness Commission (1903 to
1806) proved that sleeping sickness was caused by Trypano=-

some gambiense and was transmitted from man to man by the

tsetse fly, Glossina palpalis (41l). Stephens and Fantham

(61) showed that another form of sleeping sickness was

caused by Trypsnosoma rhodeslense which was transmitted by

the tsetse fly, Glossina morsitans. The trypanosomes within

the tasetse fly, actling as vector, undergo a cyclic develop-
ment before they are transmitted.

Trypanosme brucel, the organism seen by Bruce (8), may

be ldentical with Trypanosoma rhodesiense, but further ine

vestigatlon appears necessary to prove this, Trypanosoma

cruzl infects not only man but is fatal for guinea pigs,
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rats, and mice. Its insect vector is any one of several
specles of Triatoma or bedbug. The trypanosome seen by Evans

in 1880 and named for him, Trypanosoma evansi, 1is fatal to

most laboratory animaels as well as horses. Cattle, sheep,
end goats, however, usually survive the infectlon. The in-

fectlon produced by Trypanosoma lewisi is only midly patho-

cgenilc to the ret and occurs only in this specles (48).
Sixty years after the firat trypanosome was dlscovered
by Valentin of Berne (63) in 1841, the causal organism of

dourine in horses was ldentiflied and named Trypanosoms equi-

perdum by Dofleln (64). Thls parasite was varlously named

by succeeding investigators (Trypanosoma rougeti Laveran and

Mesnlil, 19013 Trypanozoon equlperdum Luhe, 1906; Castella-

nella equiperdum Chalmers, 1918), but the original designa-

tion of Doflein persistas,

Trypanosome equiperdum infections are endemic in

several European countries, North and South America, and
Rorth Africa. "Mal de coit,” as this malady is also called,
ocecurs in horses and donkeys and 1is of a chronic character.
Hdems of the sexusal organs manifests itself inltilally within
ten to fourteen days after Infection, and patches of pecule=
iar leslons appear on the skin about a month later., These
plague-shaped leslons resemble hard subcutaneous discs and
persist from a few hours to several days. Intermittent
symptonig, suggesting a relapse phenomenon, occur qulte free
quently, but progressive weakening and loss of welight,

agasoclated with fever and snemlia, continue until the animal



succumis to the infeetlon. Death 1s preceded by varlous
nervous symptoms snd a general paralysis., Ordinarily,
horses and donkeys survive only two to twelve montha after

becoming infected with Trypsnosoms equiperdua.

Infections with Trypanosoma egquiperdum have bLeen proe-
+XJD 9 ,

duced in white rats, whlte mice, rabbits, hsmsters, cotton
rats, guinea pigs, deer nice, dogs, ronkeys, sheep, and
goats (19) (65). The infection in cattle is chronic dbut,
usually, non-fatal, Dursation of the dlsease in inoculated
laboratory animals varies, depending on the virulence of the
strain and the number of parasites injected. Rabbits dis-
play & chronlc infection chearacterized by unusual involvew
ment of the respiratory tract (19) plus the symptoms apparent
in the horse. Recovery from the disease by rabbits has been
noted (64), but death usually occurs in three to four months.
Mlce and rats may survive three to five days, guinesa plgs
one to three months, and dogs two to three months (65) and
aometimes as long &8s filve months,

Dogs and rabbits, like horses and donkeys, may transmit
the parasites during coltus, l.e., by direct contact of the
mucous membranes. This method appears to be the only one by

which Trypanosoma equlperdum 1s transmitted in nature since

ostensibly there is no intermediate host.

There are o number of different strains of the caussl
cerganism, in addition to the differences in species, which
vary in their virulence to man and animals and in thelr suse

ceptibility to drugs. According to Napier (42), "It seems



rossible thet many, if not all, the puzzling varistions in
the pathogenicity of trypanosomes in different animal
species, and in drug resistance nmight be explsined on &
theory of strain selectivity of veectors, hosts, and drugs.”
Trypsnosomes belong to the phylum Protozos, class

Mastigonhora, subclass Zoomastigine, order Protomonadids,

suborder Eumonedea, famlly Trypanosomldae, and genus

Trypanosoma..

These parasites, most highly developed of the hemoe
flagellates, are never found within cells but ere slways
free in the plasma, Due to thelr transparency, study of the
struetural details of the unstained specimen is unsatisfacte-
ory. In = blocd smear stained by Leishman's or Glemsa's
method, trypanosomes are spindlee-shaped bodles with pointed
ends, the sverage length of different specles varying from
10 to 70 microns. They sre flattened and contaln 1In the
central part a large, pale~stalning, ovel-shaped nucleus
with a karyosome which occuples about two-thirds of the
breadth of the cytoplasm, The cytoplasm stains a light blue
and contalns dsrk-blue granules end sometimes vacuoles, In
the posterlor end are two bodles appearing as one dark-red
mass, the parabssel body and blepheroplast, from which an
undulating membrane and marginal flagellum arise., The flage
ellum In most species passes forward along the whole length
of the body to whilich 1t 1a attached by the undulating mem-
brane, and extends for 2bout one-quarter of its length beew

vond the anterilor ond of the body. The stained undulating



membrane 1s a transparent pale-violet membrane,

Several forms of the same species of trypanosome may be
encountered, the thin slender forms usually seen and the
broad stumpy ones in which the flagellum ends with the une
dulating membrane at the snterior end of the body. Many
intermediate forms are recognizable, Crithidisl forms, In
which the blepharoplast 1s anterior to the nucleus, occur at
certaln stages In the insect vector, but are not found in
man. Reproduction by binary longitudinal fission takes
place in the blood stream (20).

Death of the host, Infected wilith Trypancsoma equlperdum,

has been attributed at various times to one or another of
six general causes: death from speciflc toxins, from acid=-
osls, from mechanical obstruction, from asphyxiastion, from
hypoglycemia, and more recently, from potassium poisoning.
Proponents (58) (37) (50) (61) of the toxin theory pro-
posed that trypanosomes elaborate toxins which ultimately
cause death to the host., Andrews, Johnson, and Dormal (2)
and Kligler, Geiger, and Comaroff (28) refuted this theory,
contending that the presence of toxins was alleged only from
the effects which a toxin might produce and not from direct
experimental evidence., To support their contention these
latter workers injected by several routes massive doses of
trypsnosomes, blood, plasma, and serum obtained from infecte
ed animals, and also various trypanosomal proteins into
healthy normal rats, and observed no toxic symptoms. Owing

to lack of supporting evidence the toxin theory has fallen



into discard.

The acldosls theory has been embraced by numerous ine-
vestigators (44) (54) (55) (27) (34) (25) (2) (=36) (7) (28),
none of whom refers to 1t solely, without gqualiflcatlion, as
the cause of death. Depletlon of the alksll reserve and ape-
parently lowered oxygen consumption, resulting from exces-
slve lactic acid produced by the metabolism of the trypano-
somea, 1s the cause of death, =mccording to Kligler, Gelger,
and Comaroff (28). Several authors (2) (35) (26) (20) claim
that acidosis 1s not the primary cause of death but that it
is & part of the syndrome produced by the incomplete come
bustion of glucose and the insufficlency of glucose for the
oxidation of lactic acid.

Andrews, Johnson, and Dormal (2) correlate the sclde
og8is theory with the mechasnical obstruction and asphyxiation
theories. They reason that by some unexplained phenomenon
the trypanosomes sagglutinate in the blood of the host, but
only "after reaching a certain concentration.® This mechean=-
ical impediment to the flow of blood, especially in the
heart and lunga, produces pulmonary edema as well as stasls,
The ensulng lnsufficlency of oxygen induces an anoxemia
which, by restricting oxidation of the metabollc products of
host and trypanosomes, induces & "non-volatile, uncompensat-
ed acidosis.”

Johnson (26), after further investlgation, modified the
theory promulgated by hlim and hls collaborators. He regards
the reduction of oxygen in the blood as the first step in
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the syndrome leading to desth of the host. In falllng to
suztain the oxygen level concomltant with normal metabolle
activity the blood sllows an accumulation of lactic acld, a
condition aversze to trypanosomal subsistence. The trypenoe
somes agglomerats and create the regpiratory embarrassment
causing destlr o the anlimal,

Opposing views of the mechanlieal obstructlon theory re-
solve themselves into the question of whether trypanosomes
agglutinate uand form emboll, and, 1f emboll are formed,
whether they are capable of completely blocking blood
veasels and asphyxiating the host. Reffel (43) found ap-
parently no relatlionship between the aggregation of the
trypanosomes and the clotting phenomenon. By aduinlistering
glucose, Hoppe (20) was able to prolong the 1life of rats

infected with Trypanosoma equiperdum until the blood of the

rats contained an average concentration of trypanosomes 2.38
times the normal count at death., Therefore, it would be
difficult to explain the sustenance of 1life of ths rats he-
yond the point where the mechanical obstructlion theory would
have the rats dying from clumping trypanosomes and smboll in
the blood vessels, especilally since clotted bleod and
clumped trypanosomes would probably be 1little Influenced by
an increased blood suger level,

The moast recent theory regarding cause of death 4in the

hoat, Infected with Trypanosoma equiperduwr, 1s that proposed

by Zwemer and Culbertson (67). These authors attribute

death to an lneresse in serum potasasium to a level fatal to



rats. The lnerease in serum potagsium cormences sbout
twenty-four hours prior tc death and arises elther Irom an
elteration in the differential permeablility to electrolytes
of the red vlood cellis or body cells or from injury by the
paraslites to the "selective secretory mechaniam by which the
kidneys ald in maintaining @« constant blood plasma level,"
Ikejianl (22) (23) has corroborated these results but cone-
cludes they demonstrate only & terminal effect. Lster work
by Scheff and Thatcher (56) on survival time of potassium
tolerant and non-tolerant rats indicaztes that lncreased
serum potassium is not the cause of death bul only a second-
ery terminal effect, insasnuch as the death rate within the
two groups of rats l1ls the same.

3ince Schern's (57) hypothesis, in 1925, which states
that animals infected with trypanosomes die of sugar deple-
tion, numerous investigators have revealed considerable data
concerning this pathologic device. Schern (57) believes
that the exhaustion of blood sugar by the parasites is the
immedlate cause and that the inability of the liver to maine-
taln the blood sugar level 1s the indirect cause of death of
the host. No sexplanation is given for the breakdown of liv-
er function except the great strain involved in sustaining
the blood sugar level, Andrews, Johnson, and Dormal (2)
aagcribe the degeneration of the liver to an snoxemis result-
ing from mechanical obstruction of blood vesssls in the
heart and lungs. This degeneration prevents glycogen store

age; consegquently, after the sugar in the blood and remsasin-
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ing glycogen in the liver are consumed the host dles from
lack of nourishment, That complete liver glycogen exhaus-
tion occurs before death 1s disclalmed by the work of

Regendang and Tropp (50) and Scheff (54). The latter ine

vestigator killed trypanosomes (Trypanosoma equiperdum) in a

rat with Bayer '205' and observed a prompt restoration of
bleod sugsr to normal. For this observation he offered no
cormment. Others (50) (49) (32) succeeded in raising the blood
sugar level by injectlon of epilnephrine, further proof that
some avallable carbohydrate remalns in the body, probably in
the liver or muscle glycogen., Scheff (54), however, was un-
able to note this rise with epinephrine. To sccount for the
hypoglycemia if liver glycogen is only partially spent,
Andrews, Johnson, and Dormal (2) propose that the damage to
the liver 1s so great that 1t "interferes with the withdraw=
sl of glycogen." That the rats die of hypolycemis might be
criticized by the results of Krijgsmants (32) experiments
which indicate that the course of infection 1s not altered
by the administration of 1lnsulin to infected animals, and by
Poindextert's (47) work demonstrating that infected animals
live longer when injected with insulin, However, Hoppe

{20) finds that rats infected with Trypanoaoma equiperdum

are able to withstand progressively smaller doses of insulin
coincident with age of infection. It was the likeness in

symptoms of death due to trypanoasomes and to fatal doses of
insulin which prompted Hoppe and Chapman (21) to investigate
further the hypoglycemla theory of death. By administering
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d¢ogses of glucose, based on the in vitro rate of consumption
determined by Yorke, Adams, and Murgatroyd (66), these in-
vestigators were able %o prolong the 1life of infected rats
an average of elghteen hours beyond the normal death point.
They assume that failure of other investigators to prolong
the 1ife of infected animals is due to administration of
amounts of glucose insufficient to provide for the metabole
f1am of both trypanosomes and host. Thelr work likewise
contradicts von Brand's (4) claim that "the intensity of
the carbohydrate metabollism of the parasites, though sur-
prisingly high, 1s not high enough to allow assumption of an
effective interference with the metabolism of the host."
Infected rats dyling shortly before they were to recelve the
next supplement of glucose denonstrated a marked hypoglycem-
1a, whereas rats, too far gone to he aided, dled with a
hyperglycemia following the last dose of glucose, Thess
authors (21) point out that the rats died, even though they
recelved glucose, due to the fact that throughout the exper-
iment a constent concentration of glucose was used, and this
dld not take into conaslderation the needs of the host and
the increase in the number of parasites during the progress
of the disease. It would be Iinteresting to know the surviv-
al time of rats supplied glucose by a continuous intravenous
flow method,

After Yorke, Adams, and Murgatroyd (66) showed that
sugar was necessary to sustain the 1life of trypanosomes in

vitro impetus was glven to research on the carbohydrate



metabolism of the trypanosomes and the suger requirsmenta of
the host.

Various authors (66) (10) (18) (49) (5) (29) (4) demon=
strated that muny Trypanosoma use large quantities of glu-
cose in theilr life processes. In vitro studles of the rabe

of glucose metabolized by Trypanosoms rhodeslense, made by

Yorke, Adams, and Murgatroyd (66), indicate that 400 million
trypanosomes consue 2,0 te 2,0 milligrams of glucose in one
hour and 12,0 to 12.5 milligrams in five hours. They used a

20=-fold dilutlion of mouse blood infected with Trypanosoma

rhodesiense in shsep serum, to which glucose had been added,

and maintained the suspension at a temperature of 37°C. At
the end of an hour, when the preparation no longer turned
purple from the reduction of oxyhemoglobin of the mouse red

cells an examination showed that practically all of the

trypanosomes were dead. The preparation was cenbrifuged at

high speed and the supernatant fluid removed and set aside

for sugar estimation. Whether or not the original sheep
serum had been likewise set aside bLefore the sugar was esti-
mated and if precautions were taken to prevent glycolysis of
the remaining sugars was not made known. It is well known
that glucose determinations should be made immediately after
taking blood samples as glucose rapidly disappears by gly-
colysis. Efficlent refrigeration only retards, but does not
prevent, glycolysis. When the analysis can not be made im-
medlately, the proteins of the blood should be precipitated

and the flltrate, to whlech are added s few drops of toluene,
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placed in rsfrigerstor., This filtrate will give accurate
sugar determinations for 24 hours (30).
Experiments by Chen and Geiling (10) indicate that 400

million trypanosomes (Trypanosoma equipserdum) would metubole

ize approxinately 8.125 milligrams of gluccse 1in one hour
and 1ll.620 milligrams 1o two hours. These ressarchers used
& reactlon medlwa consisting of equal volumes of rat plasma,
/15 phosphate bufier of pH 7.4, and Ringer-~Locke solution
contalning O.75 per ceant of glucoses Into C.6 ml, of this

mediwn were suspended 32 million trypanosomes (Trypanosoma

equiperdum), and the reactlon was allowed to proceod at

Z7°C. for one hour. At the end of this time the mobility of
the parasites was not noticeably reduced in comparison with
the mobility at the beglnning of the experiment. The rate
of glucose metabollism by trypanosomes in this medium was de-
ternined and a curve constructed frowm data obtained at 15«
minute intervals, As indicated by the linear porition of the
curve, the rate of glucose metabolism was constant during
the first 60 winutes, after which time it slowly decreased.
Fulton and Stevens (17) established that the end-

products of glucose metabollism of Trypsnosoma rhodesiensse

were succlinic, pyruvic, lactic, scetic, and formic acids,
glycerol, ethyl alcohol, and carbon dioxide. HReilner,
Suythe, and Pedlow (52) and Chen and Gelling (11) determined

the endeproduct of the glucose metabolism of Trypanosoma

egquliperdum to be only pyruviec acid. It 1s qulte possible

therefore, since there may be different end-products, that



dissimilar metebelic pabhwaye are involved in each of these
species cof trypanoscmes, resulting in unlike rates of glue
cose consumption. On the contrery, Hoppe {(20) calculated

that the glucose consumption of Trypsnosons eguiperdum, in

vivo, In hils experiments was the same as the glucose

conauniption of Trypenogomz rhodeslense, in vitro, ws deter-

mined by Yorke, Adams, and Murgatrovd (€66).
Chen and Geiling (11) have studied the manner in which

glycolysis occurs 1in Trypanosoma equlperdum and conclude

that glucose is degraded into pyruvic acild through phos-
phorylative processes in o blood-free preparation of lysed
parasltes. Chen (9) believesz that enzymatic destruction of
adenosine triphosphate (ATP) may partially aeccount for the
failure of previous workera to show glycolysis with lysed

Trypanosomsa eguiperdum and to prove the phosphorylative

rnechanism Involved in the breskdown of glucose. Mapharsen,
stibanmine, and tryparsamide were shown to inhibit the sctiv
ity of hexokinase, adencsine triphosphatase, and 3ephospho=
glyceraldehyde deh:ydrogenass systens involvaed in the breake
down of glucose by the lysed trypanosomes. Cysteine wsas
found in experiments in vitroe to antesgonize this 1inhibltive
effect (12). It 1s believed that the trypanocidal =sction

of srsenicals and antimonials on Trypanosoms eguiperdum may

be principally in thelr abllity to inhitit the activity of
sulfhydryle-containing enzymes in the glucose metabolism of

tre parasites (9).

14

Several investigators (21) (25) (24) (33) (15) (20) have
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succesded in prolonging the 1ife of the host animal, after
en usually fatsl concentration of trypanosomes in the blood
hes been reachked, by administering to the animel glucose and
other monossaccharids and dlsaccharids, e.g., d=fructose,
d-mannose, de-gelactose, maltose, suerose, l-xvlcocse, l-arab-
inose, d-arablnosze, rafflincse, glycogen, and glyvcerine, as
well as related compounds, e.g., lactate, succlnate, pyruve
ete, malcnate, aconitate, hexose diphosphate, glutathione,
and neo-calglucon. It 1ls of interegt that Ivanov and
Umanskaye (24) found trypanosomes "consume pyruvic acld as
energotic material®™ in view of the fact that Chen and

Geiling (11) identifled pyruvic scid as the end-product of

glucose metubolism of Trypanosoma eguiperdum, suggesting

that pyruvic acid cannot be metabollzed by the paresites,



EXPERIHENTAL

Paragsites. The strain of Trypanosoma eguiperdum used

in these experiments was obtasined from the National
Institutes of Health, Bethesda, Maryland, through the cour-
tesy of Mr. Thomas F. Probey.

Four alblince rats, infected wiith the parasites, were re-
ceived. To maintain the straln in our laboratory transfers
of the trypanosomes were made into gulnea plgs and albino
rats. A quentity of heavily infected rat's blood, dlluted
with glucose-citrate-saline solution (described below), was
injected intraperitoneally into the rats and guinea pigs.
The number of trypanosomes in thls suspension was not ace
curately determined, since it was not necessary to know the
exact number of parasites in the "seed" rats. Gulnea pigs,
which are able to endure the toxlc effects of Trypanosoma

equiperdun for much longer periods of time than rats, were

used to insure meaintenance of the parasites. This strain of

Trypanosoma equlperdum was the same as that used by Morrell,

Chapman, and Allmerk (39) and by Hoppe and Chapman (21).
Animals. ¥ormal and castrated female albino rats were
used to culture trypanosomes for further experimentation,
but no difference in the course of Infectlon was observed in
these two types of hosts. The sex of the rats was dis-
regarded becsuse previous investigations (48) (20) (28) (2)

disclosed similar responses to infection by both males and
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femeles. Inasmuch &8 the rats used for culturing purposes
were to be sacrificed, no attentlon was given to their
welghts; however, general observation of animals dying bee
fore withdrawal of infected blood could be made, indicated
that the larger rats showed signs of a more intense infec-
tion and died earlier than smaller ones, even though they
recelved identical inoculations, Eight to twelve of these
rats were inclosed 1n large cages and six or sseven in asmalle
er cages,

In thls work hesalthy, normal, albino rats were used ex-
clusively for test purposes. Two to four test animals were
housed in a single cage before the experiment, then individe
ually during the experiment, Food and water wers avallable
to the rats at all times except whille the experiment was
being conducted, Control animals were maintained under
identical condltions,

Method of Infection. 38ince infectlon of rats with

Prypanogoma eguiperdum was found to be the only method by

which to culture these organisms and quantity of trypano-
somas was the chlef concern, 1t was considered desirable to
be able to predict the time at which the concentration of
parasites in the blood of the host rats would be most in-
tense and still be non-fatal, To this end, a dose of
2,000,000 trypanosomes was glven intraperitoneally to each
rat, This dosage was determlned on the basis of work of
Morrell, Chspman, and Allmark (39) and Hoppe and Chapman

(21). If the infection were allowed toc run 1ts course,



18

death of the rats would transpire in 90.6 £ 11.1 hours ac=-
cording to the former authors, and 90.65 £ 34 hours accord=-
ing to the latter., Therefore, to e reasonably sure of
ample infected rats from which to harvest the parasites,
blood was withdrawn from them eighty to eighty-flve hours
after inoculation with the organisms, at which tilme the
majority of rats appeared moribund and their blood swarmed
with trypanosomesa.

In 8ll cases, tall blood of infected rats was utilized
in determining trypanosome concentrations. This blood,
obtalned by the technlque described under Blood Sugar Deter-
mination, was diluted 1In a medium designed to malntain the
viability of the organisms. The infected medium was employ=-
ed in transferring trypanosomes from infected to non-
Infected rats. In the preparation of lysed trypanosones
this medium also served as a dilluent for Infected rat hlood
during storage and centrifugation.

Trypanosoma egquiperdum, an orgenlism cultured 1n vitro

with great diffliculty, may be kept alive for at least five
hours in a glucose=citrate-saline solution such as that used

by Yoppe (20) and containing the following:

Sodium Citrate 3.0 Gm.
Sodiun Chloride Ze0 Cm,
Anhydrous Dextrose, C.P. 0.8 Gnm.
Distilled Water, g.s. 400.0 ml.,

To use, this diluent was mixed with an equal volume of

blood,.



The prescribed 2,000,000 trypenosome inoculum was
counted in an Improved Double Neubauer Ruling counting
chamnber and measured in a Thoma pipette marked 101l. An ine
fected rat was held In & retaining devlce and prepsred for
tail blood samplling as described under Blood Sugar Determine
ation. Counting of the trypznosomes was performed in a
nanner similar to thet for erythrocytes.

After dlscarding the first drop, tail blood was drawn
exaectly to the 0.5 mark of the Thoma pipette and immediately
diluted to the mark 101 with glucose-citrate-saline solu-
tion, whlle rotating the pipette between the thumb and fore-
finger. While holding 1t 1n a horizontal position, the
pipette wes rotated for about a minute, then shaken sidewise
for two minutes; the fluld from the stem of the plpette was
expelled and a drcp of the remaining fluld delivered to the
counting chamber. Before counting, five minutes were allowe
ed for the trypsnosomes to settle.

Trypanosomes were counted withln flve of the twenty-
five double=-ruled squares--specifically, within the four
corner squares and the centesr one. To determine the count
within the chamber formed between the central sgquare millie
meter on the ruled surface and the subtended area on the
cover slip 0.1 mm. above it, the number of trypanosomes
within the five double~ruled squares weas multiplied by filve
to "correct for area." This value represented the number of
trypenoscmes per C.1 c.mm, of diluted blood. ¥ultiplying
thils guantity by 10, to "correct for depth of chamber," gave



the number per 1 c.m. of diluted blood, and eagein by 200,
the dilutlon fector, gaeve the number of trypancsomes per

1 cemme of undiluted blood, Therefore, routinely, the
number of trypsnosomes in the aforementlconed five sguares
was counted and four ciphers were addsd (5 x 10 x 200 =
10,000).

Dilutions of infeectsd rat bloed, suech that each millia
liter of é&iluted ©blood would contsin 2,000,000 trypancsomss,
were made as follows: Heart blood was obtalned from an une
snesthetlzed, Infected rat whose trypsnosome count had been
determined. Iach foot of the rat was fastened by a spring
clamp ettached to & string, so that, with proper tension on
each string, the rat was held secursly, back dowvnward, to a
flet operating board., The point of maximum heart pulsation
was determined and the needle, attached to a 1 ml. Tubercu-
1in syringe, entered intoc the heart, The appropriste amount
of blood wasg obtalned by gentle suction-~either arterial or
venous blood belng considered suitable., The aspirated blood

was Irtiediately asdded to the calculated quantity of zlucose=

2]

citrate-~saline dlluent and shesken for three minutes. Then
the 2,000,000 trypasnosome dose was Iimmedlately injected
intraperitoneally into each "culture" rat. Uniform disper=-
sion of the parasltes was effected by freguent agltation of
the preparation.

Increase in numbers of trypanocsomes during the time
necessary for determinatlon of the count and the withdrawal

of heart blood was dlsregarded for the purposes of this
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procedure, since it was negligible.

Method for Obtaining Lysed Trypanosome Preparations.

The average survival time of white rats infected with two
million trypanosomes 1s approximately 90 hours (21) (39). A

fresh suspension of Trypanosoma equiperdum wus prepared from

the blood of albino rats infected elghty to eighty-five
hours previously.

By means of a 10 ml., hypodermic syringe, fitted with =&
19 gauge, 2 inch needle and containing sufficient 1% Heparin
Sodium solution to wet the sides, as much blood as possible
was withdrawn from the heart of the rat without the ald of
anesthegia, Immediately the blood was added to an equal
volume of glucose-~clitrate-saline solution and refrigerated
at 3°C, The diluted blood of 16 to 20 rats was thus obtain-
ed and pooled. Refrigeration was necessary to prevent en-
zymatic or other destruction of constituents present in or
elaborated by the trypanosomes which might effect the glu-
cose metabolism of normal ratas. The glucose present in the
diluting solution provided the trypancsomes nutrient and
permitted them to continue growing. The citrate prevented
the cosgulatlion of the blood, and the saline, in the correct
proportion, maintained an isotonic medium which prevented
crenation or lysis of the blood cells and trypanosomes., The
diluting solution in addition facilitated the separation of
parasites from blood elements,

Within an hour after collection the mixed, diluted,
chilled blocd was centrifuged in cold centrifuge tubes for
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ten minutes st 2400 revolutions per minute. The plasma
which was turbld and contained the trypasnosomes and leucc=
cytes together with some hemolyzed red blood cells was
separsted from the red blood cells. This turbid layer was
then transferred to & cold, narrow centrifuge tube by suc-
tion and again centrifuged for ten minutes at the same speed
&g before. The trypanosome deposit so obtained formed s
rather compact layer but usually contained red blood cells
enough to color the solutlon and deposit. Often two to four
centrifugations of the trypsanosome layer and an equal volume
of cold isotonic salline were necessary in order to remove
the pink color due to the hemogloblin, The isolated trypan-
osome layer was then diluted with an equal volume of distil-
led water and placed in the ice-cube compartment of a re-
frigerator for a minimum of twenty-four hours. The sube
freezing temperature served two purposes: It (1) forestal=-
led the enzymatic destructlon of the c¢cell constlituents and
{2) lysed the trypanosomes by freezing the cell contents,
thereby causing the cell membranes to rupture. Just bsfore
use the lysed trypanosome preparation was centrifuged for
five minutes to separate the lysed trypanosome solution from
the lysed trypanosome residue.

About 75 ml, of infected blood, the average amount
withdrawn from 16 to 20 rats, ylelded approximately 8.2 ml,
of sedimented trypanosomes. At the time of withdrawal, 80
to 85 hours after inoculation with 2,000,000 trypanosomes,

rat blood contains approximately 1.25 x 106 trypanosomes per



cutic nillimetsr (20). Thereflore, if all of the trypan-
osomes in the blood had been sedimented by the procedure
described above, the average deposit obtained after centrie
fugetion contained about 195 x 109 trypanosomes per ml,

Only about 25 per cent of the trypanosome deposit, di-
luted with dlstilled water and placed in the refrigerator to
lyse, was recovered 1ln a s0lid phase as dlsintegrated parte
icles; the remainder sppeared in solution. On this basis,
each ml, of lysed trypanosome solution represented the sube
stance of approximately 8.6 x 10° trypanosomss.

Helther live nor motile trypanosomes were observed 1in
elther phase.

Administration of Lysed Trypanosome Preparations. As

described under Method of Infection, & normal, adult, un-
anesthetized, albino rat was secured to & flat opersating
board, in preparation for the administretion of the super-
natant lysed trypanosome solution, the suspension of lysed
trypanosome residue, or of distilled water. Tenslon on the
atrings, to which the feet of the rat were faatened, weas
adjusted to permlt the hind legs to be lifted easily.

After shaving the halr over the skin area covering the
femoral veln of the right leg, an inecision about one-half of
an inch long was made one-quarter of an inch to the right of
and parallel to the veln. The skin was then rolled ovef to
the left, bringling the vessel iInto view. The vessel was
then dilated by compression above the slte of injection.

Depending on the amount of fluld to be Injected, either a
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2 or Z ml. all-glass hypodermic syringe, fitted wlth a

No. 26 gauge needle, filve-elighths of an Inch in length, was
employed. The neadle was passed through the fascis and
upper surfacses of the musclesg, about one=-eighth of an inch
to the right of the vein and almost parallel to 1t., The
veiln was entered from the side by advancing the necdle
slightly and changlng 1ts direction toward the veln, As
much ags 3 ml., of lysed trypancsome preparations were thus
administered at a rate of about 1 ml., per minute. After the
injection was made, the skin which had heen pulled back to
expose the vein was released; thus, this skin flap and the
mascles through which the needle had been sdvanced acted as
mechanical checks to hemorrhsge,

Blood (Glucose Determination. 8Single determinations

were made of the glucose concentration in blood of normal,
adult albino rats, Multiple determinatlions were made
initially, then at intervals %, 1, 1%, 2, 2%, 3, 3*, 4, 5,
and 6 hours after Injection in simllar rats injected with
lysed trypanosome solutions, with suspensions of lysed
trypanosome residue, and with dlstilled water. Determing-
tions were also made of glucose in in vitro preparations
initially and at intervals of 3, 1, 2, and 4 hours after
start of incubation at 27°C. In addition, duplicate analyas-
es of glucose in the injected preparations were run.

It is common knowledge that there are reducing sube

atances other than glucose 1n blood., If present in a high

concentration, these so=-called saccharoids, nmainly glutaoe
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thione and glucuronic acid (16), give the apparent glucose
estimation an inflated value., For this reason, the Nelson=-
Somogyl colorimetric method (43) (59) for the blood glucose
determination was adopted in this work,., Somogyi's (60)
method of blood deproteinization employs zinc sulfate and
barium hydroxide as the preciplitating agentas. A filltrate is
obtained contalining practically no reducing substances other
then glucose. If fluoride or coxalate is used as sn antie-
coegulant it too is precipitated along with the proteins by
these reagents. This colorimetric method is probably not the
most rapid procedure for bleod sugar determination but is
one of the most sensitive. Reoxidation of the reduced cop=-
per is avoided by saturation of the reagent solutions with
sodium sulfate. Nelson's arsenomolybdate reagent extends
the useful range of the determineation from five gamma to
three milligrams of glucose and thus presents an excellent
method for the estimation of glucose in the lower range of
values. Another advantage galned by the use of this method
1s the stabllity of the color produced on addition of the
arsenomolybdate reagent to the reduced copper solution. The
density of the blanks as well a3 of the test preparations
remains unchanged and allows reading at convenience.

An AC Model Fisher Electrophotometer and Filter 525-8,
transmitting a spectral band at approximaetely 525 milli-
microns, were employed. A glucose calibration curve was
conatructed for the method and instrument used by carrying

through several serles of standards and blanks. The stan-
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dard solutlons ranged 1n value from 5 to 250 gamma of glue
cose per ml., corresponding to 1 ml, of a 1:20 dilution of
blood containing 10 to 500 mgm. of glucose per 100 ml, re-
apectively. The transmission values obtained from the
Logarithmic Scale were plotted against representative Dblood
glucose valuss on linear graph paper. The resuliant cali-
bration graph (Figure 1) was a straight line hetween the
values representing 5 to 350 mgm. per cent of blood sugar
and a line curved upward from 350 to 500 mgm. per cent. The
data for the straight~line portlon of the curve then are in
conformity with Beerts Law, and the concentration of the
gugar 1s directly proportional to the scale reading., Con-
sequently, a calibration factor may be used. However, all
blood sugar values in this investigation were obtalned
directly from the calibration curve.

Tall blood was used for the determination of normal
blood sugar and blood sugar of test rats. A rubber tube
{black pure gum; 3/16 in. bore; 3/64 in. wall) for aspirae-
tion was attached to & 0.2 ml. plpette, calibrated in 0,001
ml, divisions., The plpette wag fastened in a clamp with the
tube~end slightly elevated to prevent the blood from flowing
back out of it, and 0.005 ml. of 1% Heparin Sodium solution
was drawn up Into its tip. The rat was then placed in s re=-
taining device to contain the animal while blood was being
drawn from 1ts tall, This plece of apparatus was fashioned
from an elght and one-half inch long, thick-glass drug per-

colator with an inside dlameter of three and one-quarter
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inches., A clamp, attached to a ringstend, held the percola-
tor by the small enc, which 2180 served ss an air inlet., A
notched cork was placed in the large opening after Introduce
ing the ret into the percolator and drswing its tall

through the notch in.the cork. The retainer was pleced at
an angle of forty-five degrees above the clamped pilpette so
that the tip of the rat's tall was easily sccessible to the
tip of the pipette. About 3 to 5 mm. of the tip of the tall
vere snipped off; the first drop of blood wes discarded; and
blood was dreswn into the pipette to the 0,105 ml. mark and
immedlstely mixed wlth 1.5 ml, of distllled water,

Resgents used Iin the deproteinization procedure were:
(1) 0.3 ¥ barium hydroxide and (2) 5.0% solution of
Zn304.7 Bx0. It 1is necessary that the alkall neutralige
exactly the zlnc sulfate solution, volume for volume, using
phenoliphthalelin as Indlcstor. On the basis of this titrae
tion, appropriate dllution of the rnore concentrated ls made
so that the two reagents are correctly balanced,

Three asdditional reagents were required for the colori-
metric determination of glucose: (1) Copper Reagent A, made
by dissolving 25 OGm. of anhydrous sodium carbonate, 25 Qm,
of Rochelle salt, 20 Gn. of sodium bicarbonate, and 200 Gm.
of anhydrous sodium sulfate in about 800 ml. of water and
diluting to one liter; (2) Copper Reegent B, conteining 15%
CuS04.5 H20 and twenty drops of concentrated sulfuric scid
per liter; and (3) Arsenomclybdate Color Reagent, made by

dissolving 25 Gm. of ammonium molybdate in 450 ml. of dis=-



tilled water, adding 21 ml, of concentrated sulfurlc acld,
mixing, adding 3 Gm. of dibaslc sodiun arsenate
(WaoHAs0,4.7 Hp0) dissolved in 25 wml, of water, mixling, and
plecing in an ineubstor at 37°C. for 48 hours,

All the reagents were contalned In glassestoppered,
eclear-glags bottles except the Arszenomolybdate Color
Reagent, stored in & glass-stoppered brown bottle and the
bBariun hydroxlds solution, stored in an aspirabor hottle
conmected to a 5 ml. burette graduated to 0.01 ml., and pro-
tected v soda lime from the carbon dioxide in the alr,.

Por deproteinlzation, 0,2 mli., of barium hydroxide solu-
tion was added to the laked blood and mixed. After the
aolution had turned hrown 0.2 ml, of zinc sulfate solutlon
wags added and the mixturs shaken, then allowed to set for a
few minutes hefore centrifuging. Centrifugation for four or
five minutes separated the mixture sufflciently to permit
withdrawal of 1 ml., of protelnefree filtrate into a 1 ml.
meagsuring plpetie tlipped with washed cotton. The filtrate
was drainsd into & Polin=Wu tube to which was added and
mixed 1 ml. of & mixture of 25 parts of Copper Reagent A and
1 part of Copper Reagent B prepared the day of use. DBlanks
wers set up ln the same way except that dlstilled weter weas
substituted for blood. The solutlions were mlixed and heated
for twenty minutes in a bolling water bath, 2t the end of
which time they were cooled in a pan of cold water. One
milliliter of Arsenomolybdate Color Resgent was added to

each tube by means of a 1 ml, messuring pipstite; upon
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mixing, the reaction evolved carbon dloxlde, and the color
developed gulekly. The aolutions wera then Jdlluted to 25
ml. wilth distilled water, mixed, and read in the electro-
photometer at 525 millimicrons. Before readlngs were taken,
the electrophotometer was adjlusted to read zero on the
Logarithmic Scale wlth a blank in the chamber,

In Vitro Preparations. To ascsrtaln thelr in vitro

affects on glucose concentration, lysed trypanosoms solu=
tions and suspensions of lysed trypanosoms residue were ine
cubated in specific medls at 37°C. for four hours,

The reaction medium was of the type employed by Chen
and Geiling (10) to study in vitro effects of antimonials on
l1ive trypanosomes, It conzlsted of equal volumes of rat
plasma, /15 phosphats buffer of pH 7.4, and Ringsr-Locke
solution contalning 0.75% of glucose.

The phoasphate buffer solution was prepared by the fole
lowing procedure (31): 0.9078 Gm. of pure, crystalline
KloPO4 was dissolved in 100 ml, of freshly distilled,
amonla«free water, and 1.,10876 Ga., of pure, cryatsllized
NaplPOy .12H;0, which had lost 10 melecules of water by ex-
pesure to the alr for 14 days, were also digsolved in 100
ml. of freshly dAlstilled, smmonla-frec water. The M/15 phos-
phate buffer solution of pH 7.4 was obtainsd by mixing 19
ml. of the former solubion and 81 ml, of the latter.

Ringer-Locke solubtlon wus prepared which contalned the

following:
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Solution A.

Sodiun Chloride 9.00 Gm.
Potassium Chloride 0.42 Gm.
Calcium Chloride 0.24 Gm.
Distilled Water, q.s. 500,00 ml,

Solution B.

Sodium Bicarbonate 0.30 Gm.
Anhydrous Dextrose, {,.P. 750 Gm.
Distlilled Water, q.s. 500.00 ml,

To use, one part of Solution A was mixed with one part of
Solution B, the mixture being prepared the day of use.

The glucose concentrations of three types of in vitro
preparations~-medium plus lysed trypanosome solution, medium
plus suspension of lysed trypanosome resgsidue, and medium
alone~-were determined initially and at intervals of %, 1,
2, and 4 hours after atart of incubation at 37°C. The
amount of trypanosome preparations added to the medium
varied from 6,25% to 25§. A fourth in vitro preparation,
conalisting of the medlum minus rat plasma, was tested for
glucose concentration initlslly and 4 hours after start of

incubation at 3I7°C.



RESULTS

Statistical Manlpulations. The mean, standard devia-

tion, per cent standsrd devlatlion, standard error, and per
cent standard error were determined for all series of abso=-
lute glucose values. These quantities appear with the tab-
ulated glucose concentrations.

Standard deviation was derived by means of the formula:

s = f(sdz) / {n=1)
where 8 is the standard deviation, 4§ 1s the deviation of
each observation from the mean, n is the number of observa-
tions, and 8 signifiles summation. The mean plus or minus
two standard devietions is an index of the average observa=
tion and 95.45 per cent of the values obtained by repeated
trials.,

Standard error was computed as follows:

Sz = s /) n

where 8= is the standard error and s and n have the same
meaningﬁés above. This measurement ls an eostimation of the
standard deviation of the means., Twice thils value, measured
on each side of the true mean, would iInclude all except five
per cent of the means of similar samplings.

Means of two types were derived for the experimental
data in each of the various studles undertasken-~the mesn per

cent change in glucose concentrations for all rats or in

vitro preparations at each time interval and the mean per
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cent change in glucose concentrations for each rat or in
vitro preparation during the entire period of the test. For
example, (1) the mean per cent change in blood glucose, at

1 hour, in all rats receiving supernatant lysed trypanosome
solution was determined, and (2) the mean per cent change in
blood glucose during the 6 hour test period, for sach rat
recelving thils preparation, was likewlse determined. It
then became neccssary to know whether the average per cent
change in glucose differed significantly in normal rats from
time interval to time interval following 1njection with a
lysed trypanosome preparation and whether the average per
cent change in glucose in i1ndividual rats during the entire
test perlod differed significantly from rat to rat, If all
the means related to cne variable are from the same populae
tion there should be no significaent difference among them,
Conversely, if there 1s no gsignificant difference among the
neans of a variable 1t can be expescted that, at least 95 per
cent of the time, any change which may occur in the means
during the test period is no more than what might be expect-
ed among individual observations. The variation of the ob-
servations is caused not only by the basic experimental
errors which are always present but also by differences
which might be due to a difference in the time interval
necessary for a change to occur (first variable) or a dif-
ference inherent among the rats (second variable). The fol=-
lowing null hypothesis was then tested: The observed

variance armong (1) the "time interval®™ means and (2) the
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®animal® means 1s ecual to the varliance calculated from the
populaticn of individual per cent changes. The varience
rablio of P ratio test was applied to the ohservations re-
corded as per cent change in glucose concentretions Vvecruse
of the decided variation in abscolute values smong raeta,

The per cent changes at each time interval for all the
rats were tobulsted in o column and the individual per cent
chenges for each »at were tabulated in a row. The total sum
of squares Tor each expariment was then computed. This
guantity is equal to the sum of squares of deviationz from
the over-all mean, which 1s the mesn of all the indlvidual
cbservations. In the make-up of the total sum of squares
are Included the sums of squares for each of the three vare
1ables present in the experiment. These values provide a
measure of varlation among time intervals and among rats or
in vitro preparations and provide a measure of discrepancy
{error) among the glucose changes observed in the different
rats at the different time intervals. Corresponding to the
three sums of squares into which the total has been partle
tioned, the mean squares (mean variances) may be calculated
b7 dividing each sum by the corresponding number of degrees
of freedori. The row and column components are Iindependent
of each other, neither component appearing in the other mean
square. The test of the hypothesis that there 1a no change
in mean glucose concentration with time following injection

is

F = mean square for time intervals .
meen square LOr error




It mav be lsarnsed, also, 1f the difference occurring in
retas 15 attributnble to sampling from a uniform population,

in which case

* g mean saouare for animals
1ean square 1Or error

Tables of ¥, found in most statistics books, give those
values of ¥ which will be equalled or exceeded in the pro=-
portion of cases indicated by the table for the respective
degrees of freedom involved in computing the two variances
concerned. A 5 per cent level of probability has been
chiosen in thls work to test the various hypotheses. If two
sets of observations show & discrepancy between mean
squares, signified by & value of F that would occur 1n less
than O per cent of pairs ol sets taken from the same series,
then it is considered unlikely that the two sets came from
the same series, and they are called significeantly differ-
ent.

Normal Blood Glucose (Concentration. The mean blood

glucose concentration of 59 normal, adult albino rats was
established at ©1.04 ¢ 15.15 milligrams per cent (Table 2).
Hoppe (20}, using the Folin-Wu method for ovlood glucose de=
termination, reported a mean of 145.6 & 21.8 milligrams per
cent in the normal, adult a&lbino rat,.

Eg Vivo Lffect gginistilled Water gg_Blooé Glucose.

Bix normal control rats, lnjscted lntravenously with distile
led water, yielded blood sugar levels &t half-hour intervals
which fluctuated over a rather wide range in a period of

four hours following injection (Tables 3, 4). However, the
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means of the abaolute values (Table 3, Figure 2) and of the
ner cent changes (Table 4) at these intervals were quite
conalstent. The mean blood glucoase concentrations at the
time intervals following injection of the dlstilled water
are:

97.18 ¢ 13.46 mgm.% before injection

ie

99,25 ¢ 16.00 mgm.% at 0.5 hour

ie

97.29 ¢ 22.81 mgm.% at 1.0 hour

i®

97.79 ¢ 15.84 mgm.% at 1.5 hours

je

102.58 ¢ 14.61 mgm.% at 2.0 hours

[

102.88 & 24,08 mgm.% at 2.5 hours

|e

101.75 ¢ 16.94 mgm.% at 3.0 hours

e

98 .25 14 .63 mgm.5 at 3.5 hours

fe

99,04 ¢ 17.09 mgm.4 at 4.0 hours

Ie

From an ansalysis of variance of dats in Table 4 the hvpothe-
esis, that the time intervals have equal means, 1s accepted
since the observed F, 0,27, 1s less than the theorstical

5 per cent value, 2.29 (Table 5). In other words, the aver=
age changes in the blood suger coneentrations of the 6 rats
at the specified time Intervals following intravenous admin-
istration of water may be sttributable to chance (with

high degree of significance) and need not be the result of
the water administration., This anslysis also indicstes =
marked variation from rat to rat In thelr blood glucose
levels at the half-hour intervalse-derived F, 16.33, greater
than theoretical § per cent probability value, 2.49, Ade

ditional test animals would probsbly reduce this variation,
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In Vivo Effect of Supsrnatant Lysed Trypanosomes Solu-

tion on Blocd Suger. Analyses showed that on an average

only 0.7 mgme. of glucose was present in the materisl inject-
ed. The resulta of snoar daterminations obtained at halle
hour intervals for the firat four hours followinz Inlectlon
of the lvsed trypenosome zolution, then at the £i7th and
sixth hours, zave a ranze of values from 87.20 mrm. per cent
to 170,75 mgm, per cent in 7 normal, adult rats (Table 6).
The means for these results are as follows:

96.89 & 17.76 mgm.% before injection

99.81 & 18.29 mgm.% a2t 0.5 hour

je

101,55 & 27,84 mrm.% at 1,0 hour

I

95,08 & 17.68 mgm.% at 1.5 hours

le

98 .11

Ay

19.63 mgm.% at 2.0 hours

{e

100,11 ¢ 24,08 mgm.% at 2.5 hours

e

08.04 ¢ 35.80 mgm.? et 3.0 hours

e

97 .96 & 30.98 mgm.% ot 2.5 hours

Ie

89,84 + 25.91 mgm.% at 4.0 hours

I+

05.67 ¢ 14,89 mzm.% et 5.0 hours

)

85.42 7.67 mgm.% at 6.0 hours

|e

The means remained fairly constant for the initial four
hours, then dropped slightly and irregularly in the last two
hours, modified by the fact that only three results were ob-
tained at each of these intervals (Tableas 6,7; Ficure 3).

By the F ratlo test all of the average interval changes were
shown to be members of a uniform population (Table 8); the F

value, 0.80, in the present comparison indicates no



siznificant difference in the variation when compared to the
tabular F value for the & per cent peint, 2,10. It may then
he inferred that adminisbration ol the supernctant lysed
trypancsome solubtlion hes no effect on Llood glucose of rais
within a period of six hours and that results of repeuated
experiments will be no Aifferent than the ones obtalned,
with a probability of ©5 per cent. A significant difference
Ia the varlation between snimals 1s evidenced by the larger
P valus, 6.483, when conpared to the F table value for the

5 per cent point, 2,32 (Taeble 8).

In Vivo Effeect of Lysed Trypanosome Residue on Blood

4

Sugar. All suspensions of lysed trypanosome residue which
were injected Into the rats were found to be glucoce-frse.
A range of concentratlons from 60.25 mgm. per cent to
151.75 mgm. per cent was obtained from glucose determinae
tions run at half-hour intervals for the firat four hours,
then at the fifth and sixth hours, after injection of sus-
pensions of lysed trypanosome residue into 9 normal, adult
rats (Table 9). The bloed glucose means at the various time
Intervals fluctuated, but no deviation was greater than

7 .47 mgm. per cent (Plgure 4); the largest mean per cent
change was «10,49 per cent rt the end of the sixth hour
(Table 10). The time interval means of the individusal obe

servations are as follows:



05.22 & 14.97 mgm.% belore injection
101.67 + 20,10 mgm,% at 0.5 hour
96.58 # 11.06 mgm.? at 1.0 hour
51,72 * LEGER mgm.% gt 1.5 bhours
Q7,76 # 12,00 mgn.% £t 2.0 hours
05,13 ¢ 11.89 mgm.? at 2.5 hours
©8L.,17 e 20,02 ngried st 3.0 hours
07,60 # 25,40 mgm. at 3.5 hours
05.56 ¢ 14,22 ngn.? at 4.0 hours
62.30 & 12,15 mgm.% at 5.0 hours
82,75 ¢ 16486 mgu.% at 6.0 hours

The F value, 1,07, for time interval means, calculated fron
data 1in Table 10, 1s less trhan the theoretical 5 per cent
value, 2.05, based on 9 and €4 degrees of freedonm (Table 11),
Therefore, the hypothesis, that the time intervals have
equal rieans, is again accepted. It may then be astated that
intravenous administratlion of lysed trypanosome residue into
normal rsts produces no change in blood glucose within six
hours after the injection, The results of parallel sets of
determinaetions would e no different and would be what might
e expected from random sampling, with & probability of

95 per cent, As with distilled water and lysed trypanosome
solution, the blood glucose values obtained in thils experi-
ment showed e definite variation from ret to rat, the obe
served F valus, 14,52, belng significantly larger than the
expected 5 per cent point, 2.02 (Table 11).
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Incubation and Glucose Content of Suspending Medium,

Four samples of media showed glucose concentratlions ranging
from 271.5 mgm. per cent to 325.5 mgm. per cent durlng a
four hour incubation period (Table 12). These values were
obtained before incubation and after incubation for 0.5,
1.0, 2.0, and 4.0 hours. The mean glucose values at these
times are as follows:

293.,0 + 17.2 mgm.% before incubation

e

300.9 & 19,2 mgm.% at 0.5 hour

le

310.0 4.4 mgm.% at 1,0 hour

e

300.4 ¢ 12.8 mgm.% at 2,0 hours

i+

304.0 ¢ 31,8 mgm.% at 4.0 hours
An inconsistent variation among the means of the absoclute
glucose values (Table 12, Figure 5) and of the per cent
changes (Table 13) is apperent. However, sn analysis of
variance of the per cent changes reveals that the incubation
time intervals have equal means, since the computed F value,
0.25, 18 much less than the expected value for 5 per cent
probability, 3.86. That 1s to say, the variations in glu-
cose concentrations of the four media at the stated incubae-
tilon periods may be ascribable to chance and need not be the
result of incubation. In ninety-five times out of a hundred
replications of this experiment would yleld glucose concen-
trations whose varlance ratio would also not exceed the tabe
ulated P value. The observed F value, 2.67, for samples of
media, when compared to the 5 per cent probabllity figure,

Ee86, indicates that these four samples sre members of a
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normal population possezsing the same mean and that the vare
jation among the samples may &lsc be ascribed to chance.

Incubation and Glucose Content of Suspending Medium

Minus Rat Plasma, Three samples of suspending media minus

rat plasma furnished estimates of their glucose concentra-
tions. These quantitles, determined before and after a
four-hour incubation period, ranged from 348,.,5 mgm, per cent
to 396.,0 mgm. per cent (Table 15, Figure 6). The mean glue
cose concentration before incubatlion was 88,7 mgm. per cent
and after incubation 366.2 mgm. per cent. Comparison of the
time interval means by the P ratio test (calculated F for
time intervals, 4.06, asgalinst theoretical F value at the

5 per cent point, 7.71) indicates 21l were obtailned from one
population, with a probaebility of 95 per cent (Table 16),

It can be rightfully postulated then that incubation hss no
effect upon the glucose concentration of the suspending med-
jum minus rat plasma,

In Vitro Effect of Supernatant Lysed Trypanosome Solu-

tion gvalucose Content., Since two of the four 15 ml.

samples were diluted with 1 ml. of supernatant lysed trypane
osome solution and the remaining two with 5 ml., the ine
dividual glucose concentrations were not comparable. How-
ever, the time interval means of absolute glucoze values
(Table 17, Figure 7) and the per cent changes in glucose
(Table 18) could be correlated. The mean glucose concentra=-
tions of these preparations before incubation and at the ine

dicated times during incubation are as followsa:
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259.0 & 29.0 mgm.% before incubation

249.9 & 14.1 mgm.% at 0.5 hour
254.4 & 29,2 mgm.% at 1.0 hour
265.6 & 1Z.0 ugm.S at 2.0 hours
265.5 # 16,4 mgm.? at 4.0 hours

The meana at the various time Iintervals were shown, by the F
ratio test, to be members of normal populations having equal
means, with a probabillity of 95 per cent. The observed F
velue for time Iinterval meonsz, 2.35, was less than the tabu-
lated F value at the 5 per cent point, 3.86 (Table 19). It
may then be sassumed that szupernatant lysed trypanosome solue
tion has no effect upon glucose in suspending media incubate
ed at 370C, for 4 hours, and variatlion in glucose content
during that time may be dusc to iInherent experimental errors.
An obviously significant varlation among preparations 1is
subastantiated by the analysis of varlance of dats in

Table 18, The F value for preparabtion means, 13.86, is
larger than the expected F value &t the 5 per cent level of
significance, 3.86 (Table 19). The inference is thuat these
preparations were not drawn from a normsl populztiocn, and
consequently, similar rencdom samplings of four preparutions
would also yleld unllike means. One would be wrong in this
egsunption in only 5 per cent of the casese.

In Vitro Effect of Lysed Trypanosome Resldue on Glucose

Content. Two of the four 15 ml, samples of medla were
diluted with 1 ml, of lysed trypanosome residus and the re=

maining two with 2,5 ml. For this reason the individual



glucose concentrations were not comparable., If thers were
no change in glucose content during the incubation period
any variastions before incubution would be carrled along;
consequently, the nieans at the time intervals would Ce cOll=
parable (Table 20, Figure &), The mean glucvse concentro-
tiong at the various time intervals are asg follows:

276.6 + 10.5 mgm.% before incubation

288.5 8.8 mgm.Z at 0.5 hour

I»

274.0 ¢ 15.2 mgm.? at 1,0 hour

e

288.4 7.6 mgn.% at 2.0 hours

e

285.5 ¢ 12.4 mgn.% at 4.0 hours

je

S8ince per cent changes in glucose content are also compar-
able, an analysis of varlance was run on data in Table 21 to
test the hypothesis of no difference 1in time interval means
at the 5 per cent level of significance (Tsble 22). The F
valus caleculated for tlime interval means, 1.02, was found to
be lesg than the theoretical value, 4.07. The hypothesis of
no difference in meeans is acceptabls, and the assumptlion can
bo made that addition of lysed trypanosome residue to the
medium causes no change 1In glucose concentration when the
preparation is incubated for 4 hours.

Immunity. Although immunity studies were not a part of
the original design of this wark? the result noted may ve of
some worth, Fourteen rats, inoculated 33 to 101 days pree
viously with either lysed trypanosome solution or residue,
received a dose of 2,000,000 live trypanosonies. Thelr sur-~

vival time was no differesnt than that of normal ratse.



DISCUSSION

While 1t 1s widely held (2) (10) (20) (21) (46) (49)
(50) (54) (57) that an hypoglycemia inevitably accompaniles

Trypanosoma equiperdum infections in the rat, a theory is

vyet to be found which can explain satisfactorily and com=-
pletely the mechanism by which the hypoglycemia is produced.
Andrews, Johnson, and Dormal (2) tried to explain it on the
basis that the liver was so seriously damaged by anoxemia
that it was incapable of mebilizing sufficlent glycogen to
maintain the sugar needs of the host. Hoppe and Chapman
(21) advocated the theory that the consumption of glucose by
the trypanosomes and host was so extravagant that a fatal
hypoglycemia was effected. Proponents (37) (50) (51) (58)
of the toxin theory offered no suggestion for & correlation
between probable trypanosome toxins and sugar metabolism of
the host. It remained for Chen and Geiling (11), in 1946,

to reveal the metabolle pathway by which Trypanosoma

eguiperdum degrades glucose to pyruvic acid. Through their

(10) efforts and those of Yorke, Adams, and Murgatroyd (66)
a measure of the trypanosomes' rate of glucose consumption
was ascertained. This rate was as high as 8,125 milligrams
of glucose in one hour according to the former suthors.
Superficially, at least, it appears that Hoppe and Chapman
(21) were correct in asssuming that death of the host was due

to a deficiency of glucose regulting from the tremendous



"appetite® of the parasites. However, to negate the poasi-
bility that the trypanosomes contaln or release a suustance,
elther snzymaitic or insulln~like, which effects the produc-~
tion or metabolism of glucose by the host, a series of in

vivoe testsz on the rat were conduected,

If the substance were present in trypanosomes, lysis of
8 fresh batch of the parasltes shounld release the material,
Thet being the case, the change in bleood glucose concentrae
tion exhibited in & normal rat, to which has been adminlse
tered one of these lysed trypanosome preparatlons, can then
be employed asz an index of the metabolle effects, and cone
sequently, of the presence of a trypanosomal "factoer," 1. e.,
an increase in blood sugar might indicate the presence of a
glycogenolytic agent, and a decrease might indicate a glyco-
genetic or insulin-like substance.

The Helson-Somogyl colorimetric method (68) (70) was
adopted for the determination of "true" glucose values. For
determining the densgity of the individual oxidized glucose
sclutions, the logarithmlc sczle of the electrophsotometer
was used in preferencs to the scale Indlcating per cent transe
migsion because of the greater accuracy posaible in reading
it. However, the per cent transmission values recorded in
Table 1 were used as a check. When compared to the average
normal blood glucose concenbtration as determined by the
Polin-Wu procedure the aversge obtained herein is evidence
of the discrimination shown by the Nelson-Somogyi method.

The average obtained in this work on 59 normal, adult rats
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was 91,04 ¢ 15.15 mgm. per cent; that of Hoppe (20), eu=
ploying the Folin-Wu procedure on 100 rats, was 145.0 # 21.8
morie DeY cent.,

When a mass of trypanosones, oblalned fron and concen=-
trated by centrifugetion of infected rats'! blood, was allowed
to lyse in distilled water for 24 hours at sub-freezing teme
peratures two phases were produced--a clear, supernatant
solution and a residue, Prssumably, the contents of the
parasites were glven up to the solution, since microscopie
examination of the residue rsvealed only fragments of ruptured
cells, This solution wag injectsd into 7 normsl, adult alblno
rats through the femoral wvelin., Glucose analyses of the rats!
hlood were made at specific intervals during the course of 6
hours, even thoush 1t was dsesemed unlikely that the effect of
the sought-alfter mabterizl would fall to present itself within
or remein longer than a 4-hour period, especlally since the
golution was administered lntravenously. Deviations {rou the
normal blood glucoese concentration did sppear frowm time inter-
val to tlme interval in each rat, but these were irregular and
resulted in a mean deviation of only -0.22 ngm. per cent from
the average normal value over the entire O-hour period
{(Tabvle 75. By & statiatical analysis of variance ol the data,
no signifiecance could be attached to these changes. There=-
fore, bvy these results it was assumed that lysed trypanosome
solution produces no effect whatsocever on the bloocd glucose
pleture of the rat, and the presence of a specific factor in

Trypanosoma equiperdum which effects the glucose metabolism

of the host is ruled out.
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Lest the unknown "factor," if there be one, had not
been given up to the solution during the lysls procedure
and had remained in the cellular substance of the trypanc-
somes instead, a similar test was applied to © rats using
the lysed trypanosome residue in place of the solution. As
with the lysed trypancsome solution irregular deviations
from the normal glucose concentration occurred durlng the
test period. These resulted in possessing a mean deviation
of #0.31 milligram per cent (Table 10).

A statistical analysis of variance of these data indi-
cate there was no significant difference in these changes,
and the hypothesls was validated sxperimentally that lysed
trypanosome resldue does not contailn a factor effecting blood
glucose in the host animsal,

To avold misinterpretation of these results control rats
were subjected to the same test procedures as were the test
rats except that they recelived distilled water intravenously
in place of elther lysed trypanocsoms preparation. The re-
sulting mean deviation in this group of rats was ¢3.26 milli-
grams per cent., Analysis of varlance agein indicated no
difference between the mean per cent changes at the time
intervals which ecould not be attributed to chance.

The large individual deviations from normal bloecd glucose
concentration noted in some of the rats sre probably explain-
able by two lines of reasoning. If the changes were in only
ons direction, 1. e., plus or minus, and were of approxi-

mately the same magnitude throughout (e. g., Rat No. 47,
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Table 4) apparently the normal glucose concentration was an
erroneous observation., A truer determination of the normal
would be one equal to the algebraic sum of the observed
reading and the mean deviatlon for the particular rsat., Dr,
R, W. Bates (3) has brought the author's attention to the
fact that deviations such as those observed in Rat No. 38,
Table 4, whereiln the blood glucose concentrations st the
various time intervals fluctuate considerably, may be cone-
ditioned by several factors., Bates has observed simllar re
regularities of adrensl ascorbic acid content in transfering
rats from one room to another or in handling untrained rats,.
The stress of handling untrained rats will lower the adrenal
ascorbic aclid as much as 40 per cent. It 1s well known that
an increase in blood epinephrine results in s corresponding
increase in blood glucose., The increase in blood glucose is
used as an indication of the amount of adrenal ascorbic acld
change, since adrenal ascorblec aclild content is reduced by
epinephrine called forth during a state of stress, and since
the smount of epinephrine reguired to produce a fall in
adrenal ascorbic acid exceeds that required to produce an
increase in blood glucose., DBecause the rats on which tests
were conducted in thils work were neither trained nor sheltered
in the same room during the testing as before, the same
reesoning may be used to explain the irregulurities noted in
this research. Various degrees of sgtress to which the rats
were subjected during the experiment and their individual
sensltivities undoubtedly suwmmon varying amounts of epine-

phrine and, consequently, of glucose.
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In vitro tests were run to check on possible action of
the "factor" in lysed trypandsoms solution and residue out-
side the animal organism. Preparations of medium alone,
medliuwm minus ret plasme, medium plus lysed trypanosome
solution, and medium plus 1ys§d trypanosome residue were ine
cubated at bhody temperature (37°C.) for 4 hours. The changes
In glucose concentration of these preparations were noted at
2,1, 2, and 4 hours, except of the preparation containing
medium minus rat plasma which was observed at 4 hours. A
statistical analysis of varliance of these deta indiecats no
changes occurred 1n any of the preparations which could not
be attributable to chance. Therefore, it has been shown by
in vitro methods, under conditions of thls experiment, that
no factor affecting glucose 1s present in lysed trypanosome
solution or residue.

That glycolysis was not demonstrated in this work,
either by in vivo or in vitro methods, does not preclude that
such ls the case, since only to a limlited extent was efflcilent
refrigeration of the trypanosomal preparations possible during
centrifugation and separation procedures. And, as afore=
mentioned, Chen (47) helieves failurs of such a demonstration
maey be partially due to enzymatic destruction of adenosine
triphosphate (ATP). However, under the conditions of this
expsriment, no trypanosomal "factor" arffecting blood plucose

#aa apparent,
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TaBLY 1

TLECTROPHOTOMETREIC VALUES OF STANDARD GLUCO3T SCLUTIONS
(7-101 FIZHEER BLECTRCOPHOTOMTETER. SERIAL HQO. 1117.)+

Glucose Egquivalent Aversage Electrophotometer
Concentration Blood Glucose Re&dingﬁ ‘
of Standarda Concentration scale AT caTe BT

{mgm./ml.) (mgm./100ml.) (Log) (ﬁ Trans, )

0.0056 10 1.58 96 .45
010 20 S o420 02 .54
Q20 40 5,45 88,23
030 60 8413 82 .88
.040 80 11 .45 76,83
050 100 13,80 72485
. 060 120 16.63 68,25
070 140 19,10 64,50
080 160 21.98 60,27
«100 200 20,37 52 .06
125 250 34.68 45,05
«130 300 40.25 39,60
175 350 48.18 38,056
«200 400 53 o 40 20.20

0.250 500 61.10 24,50

* Employing Filter 325 mu =B,
#% Average of 2 to 4 determinations for oach concentration,



TABLE 2

BLOOD GLUCO3E CUNCENTRATIONS IN
HOREAL, ADULTY ALEBINO RATS

Elood Glusose

Blood Glucose

g:f Concentration gﬁt Coneentration
{mgm./100m1.) : {mgm./200m1,)
2 83,75 22 20.00
] 91.25 23 76,75
& V.75 24 100.50
5 8G.7H 26 835 .50
1] 85,75 26 89 .50
7 03 .85 27 85,75
8 85,78 28 78.00
o T8.50 29 86.25
10 98 .25 S0 82.50
11 01.50 31 107 .78
iz 86,50 32 T7 00
13 81,50 SS 63,25
14 82 .26 34 88,00
15 78,00 35 8L.75
16 69,00 36 74 .50
17 €4£.50 37 115,50
18 97 .50 S8 94,75
19 97 .00 39 92 .50
20 TOH0 40 1285.25
21 2o .78 41 132 .25

56



TABLE 2--Continued

Rat

Blood Glucose

Rat

Blood Glucose

Yo Concentration No. Concentration
. (mgm./100ml.) (mgm,/100m1.)

42 118,75 52 105.50

43 121.00 53 80,75

44 72.00 54 86,50

45 97 .00 65 112.00

46 85.25 56 102.00

47 78.50 57 85.75

48 81.50 58 85,75

49 106.50 59 117.286

80 80.00 60 116.50

51 85,75

Humber of POl B ercessesovsssesccscsaseass DU

Mean blood glucose concentration....... 91.04 mgm.%

Standard deviationeceececescecccccenssse 15415 mgmo%

Standard deviation (g)-onbt'ocoGOQotco. 1l6.64

Standard error.ccecsccccsscscsccccsencssss 1;97rmgmo%

Standard error (%)Q't'..‘."...’.l“.’. 2.16
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TABLE

BLOOD GLUCOSE COHCUHTRATIONS IN NORMAL, ADULT
INTRAVENOUS INJECTION

Rat Rat Water Blood Glucose
o Welght |Injected Time
. {(Gm.) (m1,) Normal 0.5 T.0
38 302 3«0 93.63 | 113.00 83.00
42 2958 2¢3 119.88 | 110,00 | 116.50
44 240 1.0 100.80 | 105.50 | 128.25
45 290 1.0 97 .00 72.75 65 .50
46 262 1.0 93 .25 86 .50 93 .50
47 214 1.0 78.50 | 107 .75 27.00
Toteleeeesecscassecenas | BB3,06 | 595,50 | 583,75
Me&Neeoeossconcsasssnns 97 .18 99 .25 D7 29
Standard deviation..... 13.46 16,00 22.61
Standard deviation (%). | 13.85 | 16.12| 23.24
Standard error..cccesces 5.49 6.83 0.23
Standard error (%)c..e. 5.65 | 6.58| 9.49
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ALBINO RATS

OF DISTILLED WATER

AT VARIQUS INTIRVALS FOLLOVING

o

o
-

—
vass

H

Concentration (mgm./l00 ml.)

Followlng Injection (hr.)
Lo 2.0 2eD 3.0 Se0 4,0
89,00 89.50 93 .00 96.00 99.00 93 .25
119.50 |129.75 [140.75 |135.00 [122.50 | 131.25
112.00 (107.75 |104.00 |103.50 {101.00 | 105,00
T7 .75 94,00 87 .00 91.75 83.75 86 .50
88.00 97.50 |111.50 90.25 82 .25 88,75
100.50 97.00 (101.00 84,00 |101.00 89 .50
586,75 [615.50 |617.25 [610.50 | 580,50 | 594 .25
g7.79 |102.58 |102.88 |101.75 9B.25 99 .04
15.84 14,61 24.08 16.94 14.63 17.09
16.20 14 .24 235 .41 16.65 14.89 17 .26
6 .47 5.96 9.83 6.91 5,97 6.98
G.62 5.81 9.55 6,79 6.08 7 .05

59



60

TABLE

PER CENT CIHANGE IN BLOOD GLUCOSE CONCENTRATIONS

FOLLOWING INTRAVENOUS

Rat Water Normal Per cent Change in

E: Injected | Glucose Time
. (ml.) (mgm.%) 0.5 T.0 1.5
42 2 119.88 | « B.24 | = 2,82 | = 0,32
44 1.0 100.80 | ¢+ 4.66 | 27.13 | +11.11
46 1.0 0325 | = 724 | ¢ 0,27 | = 5,63
47 1.0 T8.50 | 37 .26 | #23.57 | #28.03
1518 s A 07.18 |« 3.69 | ¢ 0.72 | # 1.40

¥ Per cent change from normal.
TABLE

ANALYSIS OF VARIANCE

Source of Varisance Degrees of Sums of Mean
Freedom Squares Squares
Mmals..o..cgoooco 5 7’789‘92 1’557Q98
Time Intervals.s.es 7 192 .42 27 .49
Residusl (error)... 35 3,338,.48 95.39
TOtalcatoctitooct 4’7 11,320082




4

OF NORMAT,, ADULT ALDINC RATS AT VARIOTS INTERVALS

INJECTION OF DISTILLED WATER

Blood Glucose Concentrations

Following Injection {hr.)

2.0 P 53 KINe) O e 4,0 Mean

* 3,23 |#17.4) (12,61 |+ 2.12 | 9.48 * 4.82
¥ 5,80 | € 317 |+ 2.68 | ¢ 0,20 | 4,17 &« 7.50
o 5,00 | =«30.,93 |- 5.41 | «»173,868 | «10.82 «17.65
+#23.57 | #28.668 | #19.75 | +223.65 | #14.01 *25 .44
# 5.96 [# 6,20 | ¢ 4.82 | » 1.89 | ¢ 1.83 * 3,33

5

OF DATA IN TARLE 4

P Ratioe
F = 1,557.98/95.39 = 16.33, F g5 (5,35) = 2.49
F = 25.49/95.39 = 0.27, F o5 (7,35) = 2.29
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BLCOD CGL

T g
[SIPLE I B

TABLE

COUCHNTHATION, IM NOH#AL, ADULT
OF SUPERNATANT LYSED

Rat mﬁatq Supernetant Blood Glucose
No Jelght Injected Time
. (Gm.) {m1.) Yormal 0.0 T.0% 1.5
32 240 2440 TO0.28 | 72.75 £4 .50 01l.45
54 144 1.44 90.00 | 7€.18 67.80 | 77.85
36 266 3.0 ©4,00 | 108,50 tecas 77 .00
40 258 2.0 124,25 | 119.50 | 118,75 | 124.00
55 212 2.0 112,00 | 12C,.50 | 159,50 | 101,00
56 156 2«0 102.00 | 107,75 | 102,850 | 110,50
5% 172 2.0 85,75 | 113,50 76.25 83.75
TOtRleenosasseonccesaseacess | O7E,20 | GUO8,65 | 609,30 | 665.55
MeBNeceosonsnansesssesoscnse 96 .89 99 .81 | 101,55 95.08
Standard deviation.ceeesee 17.76 18.29 52 .84 17.68
Standard deviation (%).... | 18.33| 18.32| 35.32| 18,59
Standard error.icseccscecsscs 6.71 €.91 1z.82 6,68
Standard error (%)e.ceeecsse 6.93 6.92 | 13.61 7 .03

# One sample

lost.



5]

T

ALBING RATE FOLI

OWILIC

TRYPANOSOME SOLUTION

INTRAVENOUS

INJECTICH

Concentration (mpgm./100 ml.)

Following Injection (hr.)

20 2! 3.0 SeD 4.0 IR 6 o 04t
88.80 82.60 | 76.25 78.60 8O0.75 | seesnee cstesa
33.00 82,20 | 7150 | 70,40 | 75.85 | teeeee ceascs
71.258 83.75 | 72.25 | 72.75 S58.25 | seeeen sesoees
122.50 | 145,00 | 170,75 |147.50 [137.00 | veeesn sesees
117.25 |103.50 [111.50 |118.00 | ©0.25 [ 103.50 83.00
116,50 (113,00 [102.50 | 123,00 | 109.25 | 105.00 94 .00
84,50 80,75 81.50 75.50 77.75 78,30 79.25
693.80 | 700,80 | 686,25 | 685,75 | 628.920 | 287.00 256 .25
90.11 |100,11 98.04 97 .96 89 .84 95.67 85.42
19.63 24.08 | 35.60 30.98 | 25.91 14.89 7 .87
19.81 24.05 36.31 31.63 28.84 15.56 8.98

7.42 9.10 | 13.46 11.71 9.7 8.60 4,43

7 .4G 9.08 13.73 | 11.95 10.90 8.99 5.19

##+ Only three samples run.
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PER CERT CHANGE

FUOLLORNING INTRAVINOUS

TABLE

IN BLOCD GLUCOSE CONCENTRATIONS

INJECTIOH OF

= — =
Rat Supernatant| Normal Per cent Changa %n
Wo Injected Glucose Time
. (ml ) (mgrness) C.o her 1.0 70
32 2040 TOLS | # S.06 | #20.,28 | #30,18| 26,41
4 1.44 90,00 | =15,39 | -24,67 | ~13.50| & 3.32
36 3,0 94,00 | #15,.43 creee | =18,08| =£4£,20
40 2.0 124,25 | = 3.82 | = 4,43 | = 0.28] - 1.41
55 2,0 112,00 | =10,27 | #42.41 | - 9.32| & 4,69
56 2.0 102,00 | # 0.64 | # U.49| + 8,35 #14.22
57 2.0 BO.7H | #32.,26 | =11,08| - 2,08 | - 1,46
MeBn.seeoeeessase 06,89 | ¢+ Z2.93| # 3.883| -~ 0,75 ¢« 3.08
- One sample lost.
TABLE
AMALYSTIY OF VARIANCOE

Source of Variasnce

Prasdomn

sy of
SGULYe

m
Deyrress of

HAann
SUVHITOS

Animala.seecescsvceces
Time Inberveldceaes

Tasldual (error)...

Tatal..ﬂcidlbﬂdi.

6 7,166.,06 | 1,194 .54
9 1,322 .20 146,92
45 8,298,97 184 .42
60 16,787 .51




7

OF NORMAL, ADULT ALBINO [iaT3 AT VARIOUS INTERVALS

SUPERNATANT LYSED TRYPANCSOME SOLUTICON

€5

g

Blood Glucose Concentrationsssn

Following Injection {(hr.)

Y ) Se Se0 4.0 O 8 O3 [SINOEEE liean
#17.56 | « 2.54| «11.89| #14.95 csace csvas +16,67
- 8,87 | =20.56 | «21,78| -15,94 ccave sesso -14,.65
- 5,50 | -23.14| -22,61| -38,03 ceese esencs «16,60
#16,70 | #327.42 | 18,71 #10.26 seses esseoe ¢ C,15
- 7,89 = Q.47 | # 5,36 -12,42| « 7,50 |-25.,89 - 2,86
#15.69 | # 0,49 | #20,59| ¢ 7.11| & 2.94 |- 7,84 +* 5,77
w 5,33 = 4€.96] «1l1.95| = 9.53| « 8.45 |« 7.58 - Z.04
® 5,18 = 0.33] # 0,03 = 7.20| = 4,37 |=13.77 - 0.30

#¥# Only three samples run.
s##3 Per cent change from normal,

TABLE 7

£}

Ratio

'

re
"

1,194.54/184.42 = 6,48, F g5 (6,45) = 2.52

146.92/184.42 = 0,80, F g5 (9,45) = 2.10
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e

TABLE

BLOOD GLUCOSE CONRCENTRATIONS IN NORMAL, ADULT
INTRAVEROUS INJECTIOR OF SUSPENSION

psa—

g ions

e

T

Rat Rat‘ Suspenaign Blood Glucose
¥o Weight | Injected | “Time
. (Gm., ) {ml,) Normel 0.5 1.0 1.5
43 292 S0 221,50 88,75 20,75 73,50
49 240 1.0 105,50 86.25 97 .00 85,75
51 228 1.0 83,75 | 110.00 95.50 | 103.50
82 ed2 1.0 105,50 | 107.75 | 102,00 | 103.50
83 202 1.0 80,75 77.75 75,00 60,25
54 252 1.0 89 .50 85,75 89.50 86 .25
88 164 1.5 85.75 | 121.75 | 102,00 | 107.756
59 220 2.0 117.25 | 140.00 | 115,00 96 .00
60 164 1.0 116.50 97.00 | 102,00 | 104.00
Tot8lecesossesssscesonsss | GB6E,00 | 915,00 | B68,75 | 825,50
MeaNecoeessassensssccsnse 96.22 | 101.67 96 .53 61.72
Standard deviation...... 14,97 20.10 11,06 156.55
Standard deviation (%).. | 15.56 | 19.77 | 11.46 | 16.95
Standard errOr.cscccccne 4,99 €.70 5 .69 5.18
Standard error (%)..ceee 5.19 €.59 3.82 5.65

# One sample lost,



o

ATLEINDG RATS AT VARIOGUS INTERVALD

OF LY 5HD DPRYPANOSOLL WL IDUE

POLLOWING

i -
o

Concentration (mgm./100 ml,)

injasctbion {(hr.)

Pollowling

vu R e
G iy &t P

S eQ

4 ov{};i:

o
®
Y

‘.S e 0’;‘3"'3:'

oy P
88 .75

102,00

102.80
82 .28
85,00

E1.50

96 .00

102,50

834 o« 50
V775
QE .28
88,00
68.25
105,50

97 .80
151.75

27,80

Fih 3a6 {
VAR Y
e s T NS

107 .75

ces e
cesess
83,75
07.20

[ y
82,00

e * » 0@

LI I I

379 .80
97,76

12,98

761 .00
25.13

11.0¢

*
R

12.50

Ny

4 .20

4042

6.78

7.1C

26.02
8 .47

8.67

764 .HO
25.56¢6
14.22
14.88

5.0¢

5.26

553 .80

O
0o

o
o

L] L ]
Ll
¢ o

13.16
4,98

S.37

1€.86
1,00

G .88

3

T a7l

o

#% Only six samples run.
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PR OENT CHANOE

i. W faad

TABLE

M BILOD GLUGCCST CUNCENTRATIONS

FOLLOVWING INTHAVENOUS INJRCTIOH OF

Rat Suspensaion Hormal Per cent Change in
Wo Injected Glucose , T
¢ im}.. fm@m.,g) Ueld Lot ke = el
48 3.0 8L.B0| ¢ RO0| ¢11.35 |- 3.88 |+ 5.8B3
49 1.0 105,50 | «18,25 | « R,06 | «18,72 | -18,72
81 1.0 BE.TH | #3L.34 | ¢14.03 | #2Z.58 | » 8,36
52 1.0 105.80 | # 2,15 | = 3.32 [« 1.90 |+ 4.70
53 1.0 BOLTS | @ 372 | = 712 | «-25,39 | ¢ 9,91
54 1.0 82.50| - 4,19 0 - 3,63 |+ 1.40
58 1.5 BE.75 | 41,928 | 418,85 | #25.66 | ¢44.61
&9 2.0 117.25 | 19,40 | = 1,92 | =18,12 | -13.8€
&0 1.0 118,50 | «16.74 | =12 .45 |«10,75 | =12.45
ﬁﬂ%...oa-.-... 955-22 & 6.7& * 1.9’? - 3.6& “ 3.32

# One sample lost,
TABLE

AFAIY3IS OF VARLINGE

" Doepreas of Sums of Hean
Sourece of Varisnce Frasdon Squares Squares
AnimelSccecoseonne 8 ge’gés 70 2,618-21
Time intervals ses s 1 ’739 .l‘? 193 24
Reslduel {error).. 64 11,540.27 180.32
?staloo-'oao.tyo 81 5%’225.1%
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Bleod Clucose Concentraotionss ¥

FOLLOWING Ln ection (DP. )

213 Efﬁ <. 4 o O D WO € 4 U4 Laan
’250?‘? " 506& *l‘% .?g ’32 .gl oW o e « ® s 0 8 *12 ¢55
~22.04 “26.30 “1@.4& '12.52 EEE R, [ EER K “EVth
L ] 1.4§ Q11.$4 ’16.42 040.?9 esense soemve §l3.43
w2275 | =1lG.50 | wi2,04 | 19,40 | «15.88 | 24,17 11,82

senes | =lii 48 («1E.72 | = 9.21 | 21,1 | =17.03 - 7,15
* G700 | #1788 |@ 27 | ® 0,84 | w 8,38 | = 5,00 e 1,49
.ﬁ‘iogg "%fu.::‘g *’?8.?? s e e O - 1.46 "’53 .79
«lB 12 | =12 .58 |(«l8,84 | «R20 .47 | =27 .51 |- 1.92 «131.19
21200 | @18 I | # 5,80 |m Q87 | = 1,72 | =15,30 -~310.00
- 0,80 | # Q.89 [# 530 | @ 0.22 | » 3,60 | «10,40 » 0,32

## Only six samples run,
il w4 Per cent ehange from normel,
OF DATA IN TABLE 10
P Ratinp
P2 2,518.21/180.32 = 14,52, P g5 (8,64) = 2,00
= 193.24/180.32 = 1.07, F g5 (9,64) = 2.03
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SUSPENDING
T ——
. Tuantity of | Glucose Conecentration @w./i@@ ml.)
-*w‘;‘"*g%" Hodiwn i Tine kaumm% {m i
(ml,) Hormal . 1.0 .
1 15 JOL L5 280 .0 306 .0 816 .0 276 .0
2 18 272.5 280.0 315 S04,0 | 279.0
3 18 207 .0 30C .0 S06 .0 28C & 320,0
4% 15 30¢ .0 BL5.5 313 .0 266,52 341 .0
Total.esneoessenseasne 1172.0 |1203.05 | 1240.0 | 1201 .5 | 1216.0
MotfNesesarssesesssnsns 2035.0 300,89 S310.0 SO0 .4 504 .0
Standard deviation.. 17.2 19.2 4.4 12.8 31.8
Stendard dev. (%)... 5.9 6.4 1.4 4.2 | 10.5
Standard erroleesves 8.8 9.6 2.2 6.4 15.9
Standard errer (%).. 2.0 3.2 0.7 2.1 5.2
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TABLE 13

PHR CENT CHANGH IN GLUCOSE CUNCENTRATIONS OF JAUPLES
OF SUSPENDING MEDIUM INCUBATED AT 379CG.

T e s TS S S
sample | initial (Per cent 6ha§§a in Glucose Concentrations
ngp%% Glucose TTIme Inoubated (Br.)

O {mg %) 0.5 T.0 Z.0 T.5] HMean
1 304.5 - T38| ¢ 0,66 | 0 J.78 | « 9,36 - 3.08
2 271.5 * 6,81 15,84 | #11,97 | ¢ 2,76 * D35
3 287 .0 # G822 | # G662 | » U35 | 11,50 * 2,79
4 309.0 ¢ 5.4 & L.29 | = 4,37 | #10.36 # 3.13
Hean... 293.0 ¢ 2,85 ¢« 6,10 | » 2,76 | ¢ 3,82 & 35,88

# Per cent change from normal,
#% Each sample contained 186 ml. of medlium,

TABLE 14

ANALY3IS OF VARIANGCE OF DATA IN TABILHE 13

£ Var Degrees of Swus of dean
Source of Varlance Precdom Squares Squares
Sﬂmplﬂﬁac--.a.».c- S 334 .88 111 .83
Time intervels.... 3 29,11 270
Residuel (error).. 9 376 .82 41,88
Tﬁtalo [0 2% 3% 2% BE N BN AR N | 15 7%6.&8
Pampl, ® 111.65/81.85 = 2,67, F oo (3,9) = 3.86
Foama = 9.70/41.88 = 0.23, F o: (3,9) = 2,86
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GLUCOLSE CONCIHNTRATIORS OF JAUP U SUSPENDIHNG MEDIUM
KINUS RAT PLASMA mcm“ﬁ'm AT Z7°C.
Quantity of | Glucoss Concontration {(mgm./100 ml,)

Sarple | preparstion

No. (ml.) Hormal Incubated 4 hr,

1 10 S85.0 385 .0

2 10 385.0 548 .5

3 10 396,.0 365,.,0
Tobaleecoeocccnennne 1166.0 1088 .8
HOfiNlesosseosoesssane 388,7 36GC 42
Standard deviation, Ged 18,3
Standard dev. {¥).. 1.6 5.0
Standard errolfecces Se'7 10.86
Standard error {%). 1.0 2.9

TABLE 16

AMAIXEIS oGP V. RIANGE QF DAT A i TADLG 15

o ; Dagress of Sums of Mean

Source of Varlance Presdom Squares Sguares
3&&3@133.0'00¢0 eseys 4 ?‘%‘8.84& 187 .21
Tine intervels. aes 750,38 RO 8

Prime T 759.38/187.21 2 4.06 F gg5(1,4) = 7.71
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IN VITRO PREPARATIONS CONTAINING

SUPERNATANT LY3ED TRYPANOSOME SCLUTION INCUSATED AT 37°C.

Prepn. Supiggigint Glucoss Gaqgig:rigigﬁaémwa.ééoo nle)
No. (m1e) | Normal [—OET—To-T om0
1 1.0 283,.,0 262.5 2872.5 278.0 279.5
2 1.0 285 .0 266.5 276.5 276,0 279.5
3 5.0 245.5 230.0 218.0 259,85 248,.,0
4 5.0 224,.,5 £250.5 243545 249 .0 285,0
Tot@Al,.eeoovscenesees | 10360 999.5 | 1017.5 |1062.5 |1062,.0
MetNesssssveosssnse 258.0 249.9 254 .4 265.6 265.,5
Standard deviation. 29,0 14.1 29.2 15.8 16.4
Standard dev. (%).. 11.2 5.7 11.5 5.2 6.2
Standard errorecase ld.4 7.1 14,6 6.9 8.2
Standard error (%). 5.6 2.8 5.7 2.6 5.1

# Supernatant added to 15 ml. of medium,
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PIE QENT OHANCGL IN GLUCOSE CONCEWTRATIONS OF M YITRO
PREPARATIONS CONTLINING SUPLRWATANT LYSED &
TRYPANOSOME SOLUTION INCUBATED AT 37°C.

, Initial | Per cent Change in Glucose (Concentration#
Prepa; Gluccse TThe Incubated (D .)
No . s (mg %) .5 T.0 T.5 =20 Mean

i 28%,.,0 - 724 | = 1a24 | = 1,77 | « 124 - 2,87

3 245.5 w §,35) | 11,20 | ¢ 5,70 | ¢ 1,02 - 2,70

2 224.5 "11.58 *» 8,46 +10.921 "}.5059 .'3-1014
Hearn..a. 252 .,0 - 8.50 - 1.5‘7 L 3.09 & 3,03 ¢ 0,56

# Per cent change from initial,

## 1.0 ml, Supernatant contalned in Ro. 1 and No,., 2,

#i: 540 ml. S8upernatant contalined In NHo. & and Yo, 4.
TLBLE 19

ARALYSIS OF VARIANCE OF DATA IN TABLE 18

o Degrees of Sums of Hean
Source of Variance Fresdom Squares 8quares
PreparationS..cecee S SU0 .89 198.96
Time intervalS..e. ) 101.056 33.68
Residuel (errcr).. 2] 129.14 14.35
Tstal..OQ.“‘.'. 15 82?'98
Fpragn. = 198.96/14.35 = 13.8¢, F g5 (3,9) = 5.86

A
.

@
16+]

Ftime = 33.68/14.35 - 2.35’ F'gs (5’9} =


mailto:Fr@ed.oa

TABLE 20

GLUCOSE CONCENTRATIONS OF IN VITRO PREPARATIONS CONTAINING
SUSPEKSION OF LYSED TRYPANOIONE RESIDUE INCUBATED AT 37°C.

S «/100 ml,)

75

Frgpa. | SGERIELn |-Gusese Conggriniien (ape 20
. {m1.) Hormal U.5%%] 1.0 20 .0
1 1.0 289,0 |297.0 | 289.0| 295.5| 298.0
2 1.0 287.0 | 289.0 | 285.0| 2904.0| 291.0
3 2.5 276.0 | 279.5 | 2890.5 | 280.0| 269.0
4 2.5 266e5 | ceese | 262.5| 284.0| 284.0
TotAleeevessscsanes | 1118.5 | 865.5 [1096.0 | 1153.5| 1142.0
MOoANeseseseoesseses | 279.6 | 288.5 | 274.0| 288.4| 285.5
Standard deviatiorn. 10.5 8.8 15.2 7.6 12.4
Standard dev. (%).. 3.7 3.0 5.5 2.6 4,3
Standard erroleces. 5.2 5.1 7.6 3.8 6.2
Standard error (%). 1.9 1.8 2.8 1.8 242

# Suspension added to 15 ml, of medium,
##* One sample lost.
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TABLE 21

I¥ CGLUCOST CONCTNTHRATIONS OF IN VITRO

PREPARATIONS CONTAINING SUAPINSION OoF LYSED
TAYPANOSOKE RusSIDUR INCUSBATED AT 37°C.

Initisl %er eent Change in (Gluecose Concentrations
Prep?.“ Glucose Tine INCUDALOC (Nl )
Ho it | (e %) TR 1.0 0 Z.0 Mean
l 269.9 4 ﬁn'?? o] L gogﬁ & Zell * 2 L3
2 287.0 # 0,70 |= 0,70 | ¢ 2.44| & 1L.39 & 0,96
3 276,0 * 187 |= 5,98 » 1,45 - 2,54 = 1445
Q 26505 seeos e - 1050 > 6.5? L ] ﬁ-ﬁv L 5.%&
Hean... 279.6 # 1.58 |« 2,05 ¢« 3,18 + 2,13 v 1.18
# Par cent change from initial,
#5% One sample lost.
#4010 ml. Suspension contsined in Heo. 1 8nd ¥o. 2.
#44 2,5 ml. Suspension contained in Ho. 3 and Ho. 4.
TABLE 22
ARALYSIS OF VARIANOCE OF DATA IN TARIE 18
« ‘ Degrees of Sums of Hean
Sourge of Varience Fresdon Squares Squsres
?r@?ﬁ?ﬁtiﬁnﬁ seneve ] 52 .65 1‘?:55:3
Time interval8.... 25,37 46
R@Bié%ﬁ. (GW‘O?}QQ 6‘{3.65 3.35
%ﬁt@il.-c"c‘oo.o }-4 1*’%4.6’?

Forepn, = 17.55/8.35

Frime

= 8,40/8.37 = 1,02,

)

P
.
3

= 2.10, F_gg (5,9)
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GLUCOSE CONCENTRATION (MGM./100 ML.)
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GLUCOSE CONCENTRATION (MGM./100 ML.)
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MEAN BLOOD GLUCOSE CONCENTRATION AFTER
DISTILLED WATER INJECTED IN RATS
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FIGURE 2



GLUCOSE CONCENTRATION (M@M./100 ML.)

GLUCOSE CONCENTRATION (MGM./100 ML.)

3

3

MEAN BLOOD GLUCOSE CONCENTRATION AFTER
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FIGURE 3

MEAN BLOOD GLUCOSE CONCENTRATION AFTER
LYSED TRYPANOSOME RESIDUE INJECTED
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o-—-- ONE STANDARD DEVIATION
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| 2 3 y 5 €
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FIGURE U
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GLUCOSE CONCENTRATION (MGM./100 ML.)

GLUCOSE CONCENTRATION (MGM./100 ML.)

80

MEAN GLUCOSE CONCENTRATION AFTER

2!40l MEDIUM INCUBATED i
[

:_ o——e MEAN GLUCOSE CONCENTRATION |

120 i o-——-0 (NE STANDARD DEVIATION |
|

HOURS INCUBATED

FIGURE 5
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FIGURE 7
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FIGURE 8
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GLUCOSE PER CENT CHANGE (FROM NORMAL)

MEAN PER CENT CHANGES IN BLOOD GLUCOSE
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FIGURE 9
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