


CHEMICATL BLOOD STUDIES. I.

may have been observed. The blood data are not to be restricted to
the constituents enumerated in this paper, but will include in addi-
tion data on other constituents such as cholesterol, pigments,
ammonia, lactic acid, mineral constituents and physico-chemical  ta
such as viscosity, hydrogen ion concentration and sedimentation rate
of cellular elements, ete. It would have been preferable to get all
this information from one and the same experimental subject, but the
available facilities did not permit of this.

No serious attempt has, therefore, been made at present to offer
explanations of the changes in blood composition which have been
vecorded, this aspect being reserved for such a time as the data
referred to have been gathered. The same extensive ‘“ normal ** data
are being obtained for various domestic animals over a period of
12 111<)nths those for sheep will be published by Ilamersma of this
Division in this Jowrnal at a later date. Since a comparison with
data obtained by other workers on normal animals is being discussed
there, this aspect has been omitted. Publications on comparative data
for *“ laked " and *“ unlaked *’ filtrates of domestic animals have not
been found, in spite of a wide search through all available literature.

TFE PLA F

The present series of investigations have been primarily under-
taken with a view to deterlmnln'r the actual changes, 1f any, occnr-
ring in the composition of the blood during the - urse of a number
of dlﬁerent protozoan and virus diseases. The con tions investigated
up to the present are: (1) Heartwater of sheep (frchetteia ruminan-
tium infection), (2) Horsesickness (Pestis equorum), (3) raplasmosis
of cattle (4. marginale infection)), (4) Piroplasmosis ot cattle (P.
bigeminum infection), (5) Bluetongue ~f sheep, and (6) 1aplasmosis
in the Bleshok (Damaliscus albifrons).  or the results of the<e investi-
gations up to the present see * Chemncal Blood Studies = [-V 77 in
this Journal. Such data in respect of the diseases studied, have up to

now, been completely wanting 1in Sou ‘rica, and in spite of an ex-
haustive search in the available literatv»= no chemical data on the con-
ditions detailed here could be found. : was fel* that such data may

materially contribute towards a deeper understar ng of the pathology
of these diseases, also enabling a clearer conception to be formed of the
processes taking place in the body as a result of such specific infec-
tions. Tt was also anticipated that these researches, apart from
increasing our knowledge as to the actual changes in the con osition
of the blood during infectious conditions, may “become of vaiue from
a diagnostic, prognostic or prophylactic point of view.

No search was made for constituents not normally occurring in
the blood, but which may possibly be present as a res=' of the
abnormal metabolism of the body under the stimulus of e causal
agent or its exeretory products, or secondary stimuli associated with
the symptoms of the disease such as hyperexia, anaemia, anorexia,
ete.; or which may constitute the toxins thamselves or the by products
of the me’mboham of the causal agent.  he aim was rather fn note
the changes in the relative proportions of certain normal const 1ents
during any particular infection.
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Determinations in respect of the total nitrogen (T.N.) and
haemoglobin content (HD) of the whole blood, and non-protein mitvo-
gen (N.P.N.), urea nitrogen (U.N.), amino-acid nitrogen (A A ),

uric acid nitrogen (T.A.N.), total creatinine nitrogen LN,
and sugar (S) were, therefore, made in each case on hoth ** i=ked ”
and ““unlaked " blood filtrates, which were prepared ace ng to
the method of 1Folin and Wu (lake  and Folin (unlakedy. * ked ™"
and ““ unlaked 7 filtrates were studied in order to obtain figures com-

parable with those obtained elsewhere during similar investications
mto animal diseases, whether done on etther filtrate. In vii  of the
unequal distribution of most conxtituents over the plasma and the
cellular elements, a study involving both types of filtrates was un
additional inducement to undertake the large amount of extra labour
involved in analysing two filtrates of one and the same blood.

Owing to the absence of normal figures for ovines, hovines and
equines for the above constituents under South African conditions,
several Dlood analvses were made prior to infecting the experimenial
subject. 1n a few cases where thix was not found possible, analyses
were made on the dav of infection, and 1n sonle rare cases even i
dayv or two later.

DIET OF EXI |

No special diet swas given, the rations being i all cases those
supplied to the stock at this Institute. Sheep received 1 1. of mealies,
veld hayv and green feed (when avatlable) ad 1i6., plus L ounce ot xalt
per day; cattle received 2 1h. mealie meal, 2 1. mealie hrau, veld hay
and green feed (when available) ad 110, plus 1 ounce of salt per duy.
Horses received 9 1b. of mealies. veld hay and green feed (when

avatlable) ad h., plus & ounce of salt per day. Sick horses
teceived 6 1h. of mealie hran and 2 1b. of crushed oats instead
of the Sl of mealies.  The green feed consisted of  etther

lucerne, green barley or oats. The food was given of 7 a.m. and
430 pan. s water three times a day.  As the nature and awmount of the
diet mmfluences to some extent the cor  osition of the blood, the systein
of analysing the blood repeatedly hewore and after infection of one
and the same animal on a ° fixed 77 diet, eliminates largely the
complication of the influence of the diet on composition. Tn this
connection 1t should also be horne in mind that during severe hyper-
rhexias, especially during the eritical period, animals not unconi-
monly refuse food—thisz anorexia per se influencing the composition
of the blood.

Az, however, such an anorvexia constitutes a part of the syviptom
complex, its influence on (he composition must he regurded o=
abnormal and as part and pavcel of any pathological changes which
may be observed.

Tt was not considered of sufficient value to determine accurately
the intake of food by each individual animal, since the present work
is not so much concerned with how the food influences the blood com-
position hut rather a study of the influence on the hody of various in-
fections as veflected in the blood. This system also furthermore permits
of seasonul variations in the normal composition of the blood to he
taken into consideration, whether due to diet, environmental tempera-
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(3) AMING-AC1D DETERMINATIONS.

Folin's (1922) method was used, utilising 10 c.c. of each filtrate.
The colorimeter was set generally at 10 mm. and no trouble in read-
ing experienced except where the amino-acid content was found to he
relatively low. In such cases the colour tint of the unknown tended
more towards a yellow, and exact matching became virtually impos-
sible.  No efforts were made to attempt to determine why the colour
i such cases differed from the standowvd. The cause may be the
*dilution phenomenon ™ as suggeste by Tolin (1922) or be asso-
ciated with a change in the relative pl()pmhmm of the various amino-

“ds composing the ** amino- .1(1(1 nitrogen = fraction of the Dblood,
when the total © amino-acid N 77, as given by this method, is low.
Irotin draws attention, during the discussion of the method, to the
fact that only a part of the nitrogen, i.e. the nitrogen in the =N,
grouping reacts with the quinone reagent and that, 1]1@19#019 certain
amino-ucids give readings which are in realily too Tow. Tle instances.
amongst others, histidine which only reacts with one-third of its
nitrogen, and tryptophane reacting with one-half. 11 15, {therefore,
theoretically at Teast, possible 1o obtain a low reading, even although
the total amino-aeids actually present may be relatively high. Under
normal conditions the actual proportions and number of different
amino-acids circulating in the blood is probably fairly constant,
subject to the influence of the diet, hut during pathological conditions
especially septicaemiax, selective destruction by 1he micro-organisins
of one or more amino-acids would tend to disturb the normal pro-
portions.

Unfortunately our knowledge of the metabolism of the micro-
organisms in biological fluids or tissues intravitam during any
specific infection, what they live on, what products are excreted by
theni, and what changes, 1f any, are brought about by these excreted
substances in the surrounding medium, is extremely lmaited ot
present.

4y Urric Aciy DeTERMINATIONS.

. The *“uric acid N 77 in both ““ lake " and ““ unlaked 7 filtrates
was determined by Folin's 1930 method. 1t was, however, found to
be more satisfactory in the majority of cases, especially with sheep
blood, where the uric acid <‘<)n(‘911t1';1ti011 is low, 1o make the volume
up to 1H c.e.nstead of 25 c.e. for the colorimetric readings.

(5 Tur Derersixarion or 0 Urka N7

For thix Folin and Svedberg’s urease (1930) method [see also
Folin and Denis (1916)] was employved and once the techniome had
been acquired wuas found to be ximple and conventent. the
beginning, however, difficulty was experienced in oblaining uniform
results when making a series of duplicate determinatious on solutions
of urea and blood filtrates to which known amounts of urea had been
added.  Jorden and Graf (1933) of this Institute, investigated the
method, and after a thorough check of all the reagenis and the
technique emploved, suggested that possibly the fault lay with the
amount of buffer solution added to the unknowns.  Further detailed
work in this connection confirmed this suspicion. It was found that
constant results were obtainable through the addition of more buffer
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solution, the optimunt being determined to be 1D c.c. inxtead of the
two drops recommended by the authors of the original method. 1'ull
details of this worl: are given in this (1933) Journal (see pages 279-283).
In my determinations I have used 1'5 c.c. of the buffer solution and
have oblained excellent results. For the preparation of the urease
paper extracts made from locally grown soyva beans and fron
“ Merck's Sova bean meal 7', gave eually satisfactory vesults.  After
the addition of the urease paper, the tubes were ullowed to stand for
1-13 hours, with occasional shaking., The small anti-Dumping tubes
not being available, a small glass bead was substituted and no trouble
experienced with bumping once the technique of the wrea distillation
had Dbeen muastered. In most cases a standard corvesponding to
10 men. urea nitrogen per cent. was employved owing to the fow
blood urea often encountered, although the 20 mgm. per cent. stan-
dard was also always made up.  With  igh urea-containing filtrates,
dilutions were made 1n such a way as to give colours after nesslerisa-
tion, closely approximating the colour ot the standard. Repeated
blanks were made throughout the course of these investigations, and
in consequence an average fieure of I mgm. urea N per cent. was
subtracted from the ** urea N 77 fivures obtained,

(6G) Nox-Proreix N1rroGrx.

Folin and Wu's (1919) method [see also Ifolin and Svedbery
(1930)] was used and all determinations made in duplicate, two
standards 1in each case being made up, containing -3 and 15 mgm.
N respectively.  Where the N.P.N. was high, the termination wa«
repeated with smaller amounts of filtrate, so that the colour obtaine
would approximate the standard solution. 1t is of great import->ce
to continue {ihe micro-digestion sufliciently long to ensure comj fte
digestion, otherwise the readings will be too low. I have found the
best vesults are obtained 1f the digestion is carried so far that when
1520 c.c. of water are added, the solution ts very slightly turbid.
This turbidity disappears on making up to the final volue of 50 c.e.
I the digestion is carrled further, even for onlv a few seconds, &
marked turbidity frequently results, which then interferes with
accurate colorimetric readings, results which are too high beine
obtained.  With cxperience the correct degree of digestion can he
readily acquired.

(7) " Toran 7 CREATINING DETERMINATIONS.

Folin and Wu's (1919) method was wsed, the pieric acid being
purified with the method of Benedict (1929) from glacial acetic acid.
In connection with the wmethod as described on page 100 of the
Journal of Biological Chemistry, Vol. 38, 1919, an error in the
caleulation has crept in.  Instead of mult  lLving by 6 it is necessary
to multiply by 12, since 20 c.c. of the stanuard solution recommen ded
contain -12 mem. of creatinine. With 10 ¢.c. of the standard solution
(Hawk, 1931), the calculation as given, would be correct.

When accidental overheating in  the autoclave oceurred o
turbidity due to the presence of a white precipitate necessitated a
repeat determination. '
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(12) TemrEraTTRE (TIARTS.

In order to indicate the tvpe of temperalure reaction, : 1 more
particularly to demonstrate at what periods of the reaction blood
examinations have been made. charts have heen incorporated. The
periods at which blood has been drawn lhas been indicated on the
curves. The temperatures were taken twice daily (once only cu
Sundays) at 6.30 a.m. and 3.30-4 p.m. respectively. Only the actual
reactions are recorded, the normal temperature records being omitted
for the sake of economy of space, no useful purpose being served by
the incorporation of several weeks of such normal records.

(13) Tapres or ANALyTican Dara.

These are mostly self explanatory, all constituents being
expressed in ¢ mgm. per 100 c.c. of blood ™ except haemoglobin and
total nitrogen, both of which are expressed as ' grams per 100 c.e.”
The ‘“ coaguable nitrogen ™ has been oblained hy ealculation
{Total N - N.P.N.). The ** Rest nitrogen ** represents the nitrogen
fraction unaccounted for in any specific form after the < urea N 77,
“ Total creatinine N 77, * uric acid " and  Amino acid 77 had
been subtracted from the ° Non-protein ~ *" figure. The urea (46-66
per cent. N), total creatinine (37 per cent. N) and uric acid 33-33 per
cent. N) have for {he sake of convenience been expressed heth as such
and as ¢ Nitrogen ~". In the column ¢ plasma ** the symb . nou.™
(nothing unusual) refer to the physice! appearance of the plasma,
more particularly to its colour. In anay smosis, redwater and horse-
sickness, icterie plasmas were quite frequently encountered. The
“ plasma *" column has been omitted in the case of heartwater, since
the plasma at no time showed any haemolytic or icterie discolouration.

In the column *° Temperature Reaction ** the following symbols
have been adopted: —

N (Normal) -meaning that no abnormal temperature reaction
15 going on at the time of bleeding.

P.I.N. (Post infectionem, normal) —indicating that the animal
has been 1njected with virus, but that as vet no tempera-
ture reaction has set in.

R (Reaction) -indicating that blood was withdrawn during the
course of a reaction.

“ Time of bleeding " =where no symbol is given it means that
the blood wus drawn between 8.30 a.m. and 9.30 a.m.

In other cases the time of bleeding is inserted. The above system
has been applied throughout these publications.

St

A schente has been outlined of a series of researches into various
animal diseases and the technique and the chemical methods utilised
have been described. The present paper 1s to he regarded as the first
of a series of publications to be issued ader the general title of
““ Chemical Blood Studies 7 and is to serve as a general introduction
for the series. The chemical determinations include total nitroeen
(T.N.), haemoglobin (IIb), ““ Total ** creatinine nitrogen (T.C ),
urea nitrogen (U.N.), uric acid nitrogen (U.A.N.), aminn-acid
nitrogen (A.A.N.), sugar (S.), and non-protein nitrogen (N.P ).
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