
Onderste]J001't Journal of Veterinary Science and fl nimal 
lndustry, Volume I, Numbe1· 1, 1933. 

Chemical Blood Studies.* 

I. Comparative Studies on Blood, "Laked" and 
"Unlaked" Blood Filtrates of Animals in 
Health and Disease, with particular refe­
rence to methods and technique employed. 

By 

H. GRAF, B .Sc., D.V.Sc., Veterinary Research Officer, Department 
of Chemical Pathology, Onderstepoort. 

CONTENTS. 

INTRODUCTI ON. 
THE PLAN OF RESEARCH. 
THE DIET OF 'l'HE EXPERIMENTAL ANIMALS. 
TECHNIQUE AND ME'l'HODS. 

1. TAIG:KG BLOOD SAMPLES. 
2. PREPARATioN m> BLooD FILTRATEs " LAI{ED " AND 

,, UNLAKED ,, . 

THE DETEIUIUNATIOK OF: 
3. AMINO-ACID. 
4. Umc-Acm. 
6. UREA. 
6. N OK- PIWTBIN N l'l'IWGBK. 
7. '' ToTAL '' CREATININE. 
8. ToTAL KrrRoGBN (vVHoLE BLooD). 
9. HAEMOGLOBI:K. 

10. SuGAR. 
11. THE CoLmtnrETER. 
12. 'fEMPERATURE CHARTS. 
13. TABJ"ES OF ANALYTICAL DATA. 

SUMMARY. 
REFERENCES. 

INTRODUCTION. 
'fHE present paper is intended t·o be the first publication of a series 
of researches into animal diseases occurring in South Africa. Further 
studies have been planned with a vie'Y to concentrating thereafter on 
correlating the chemieal data with the pathology and pathological 
physiology of each particular disease in an attempt to get a rational 
explanation of any changes in the composition of the blood which 

* " CHE~IICAL BLOOD STUDIES I, III-V" accepted as 'l'hesis for the D.V.Sc. 
degree by the University of Pretoria, December, 1932. For titles of the series 
publ ished to date see "References" . 

269 



CHEMICAL BLOOD STUDIES. I. 

may h ave been observed. 'l'he blood data are not to be restricted to 
the constituents enumerated in this paper, hut will include in addi­
tion data on ·other constituents .such as choleste1·ol , pigments, 
ammonia, lactic aci.d, mineral constituents and physico-chemical data 
such as visoosity, hydrogen ion ooncentration and sedimentation rate 
of cellular elements, etc. It w·ould have been preferable to get all 
this information from one and the same experimental subject, but the 
aYailable facilities did not permit of this. 

N·o serious attempt has, therefore, been made at present to offer 
explanations of the changes in blood composition which have been 
recorded, this aspect being resened 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 months, those for sheep will be published by Hamersma of this 
Division i.n this Journal at a later date. SiTlce a comparison ''"i(h 
data obtained by ·other wOl'kers on normal animals is being discus~ecl 
there, this aspect has been omitted. Publications on comparative data 
for " laked " ail(] " unla ked " filtrates of domestic animals have not 
been found, in spite of a wide search through all available literature. 

THE PLAN OF RESEARCH. 

The present series of investigations have been primarily under­
taken with a view to determining the actual changes, if any, oceur­
ring in the eomposition of the blood during the eourse of a number 
of different protozoan and virus diseases. The conditions investigated 
up to the present are: (1) Heartwater of sheep (Riclcettsia ?'uminan­
tium infection), (2) I-Iorsesickness (Pest·is equo1·um), (3) Anaplasmosis 
of cattle (A. marginale infeetion)), (4) Piroplasmosis of cattle (P . 
bige1nimtm infection), (5) Bluetongue of sheep, and (6) Anaplasmosis 
in the Dlesbok (Damaliscus albifrons). For the results of these investi­
gations up to the p1·esent see " Chemi.eal Blood ~tudi.es lil-Y " in 
this J ·ournal. Such data in respect of the diseases studied, have up to 
now, been completely wanting in South Africa, and in spite of an ex­
haustive seareh in the available literature no chen1ical data on the con­
ditions detailed here could he found. It "·as felt that such data may 
materially oontribute towards a deeper understanding of the pathology 
of these diseases, also enabling- a clearer eonception to be formed of the 
pr·ocesses taking place in the body as a result of such specific infec­
tions. It was also anticipated that these researches, apart from 
increasing our knowledge as to the aetual changes in the compositiou 
of the blood during infectious conditions, may become of value fr.om 
a diagnostic, prognostic or prophylactic point of view. 

No search was made for oonstituents not normally occurring i u 
the blood, but which may possibly he present as a result of the 
abnormal metabolism of the hody under the stimulus of the caus;d 
agent or its excretory products, or seoonclary stimuli associated with 
the symptoms of the disease such as hyperexia, anaemia, anorexia, 
etc. ; or which may constitute the toxins themselves or the by-produds 
of the metabolism of the causal agent. The aim was rather to note 
the changes in the relative proportions of certai.n normal constituents 
during any particular infection. 
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ii. GRAF. 

Determinations in resped of the total nitrogen ('r.~. ) .and 
haemoo·lobin content (Hb) of the whole bl·ood, and non-protelll mtro­
o·en (:N.P.K.), urea nitrogen (U.K.), amino-acid nitrogen (A.A .N .) , 
~ric acicl nitrogen (U.A.X. ), t·otal creatinine nitrogen (1' .C.K. J, 
and sugar (S) were, therefore, macle in each case on bot h " laked " 
and " unlakecl " blood filtrates, " ·hich we1·e prepared according to 
the method of Folin and \ Vu (la ked) and Folin (unlnl\ed). " Laked " 
and "1m lnkecl " filtrates were studied i n order t o obtain figu1·es com­
nanlble '"itb those -obta ined else,Yh ere during similar inYestigations 
~nto animal di:sease,.;, \\·hether rlone on either filhate . In Yie'" of the 
unequal distribution of most cow.;t i tuents over the pla;;mn and \he 
cellular elements, a stucly inYohing both types of fili.rnte~ "·a. un 
additional inducement t o underta ke the large amount of extra luhour 
inYohecl in analysing two fiihates of one :mel the same bloo<l. 

O"·ino· t o the absence ·of normal figures f.or ovines, bovines and 
equines fo";_· t he aboYe constituent,; under South African conditions, 
several blood analyses '"ere ma <le prior to infecting th e experimental 
subject. In a few case,; where thi s wa;; not founrl poss ible, ::maly,;es 
11·ere made on the day of infectio n, a ncl in Home 1·are ease,; eYen a 
day 01' bYo later. 

DIET OF EXPERIMENTAL ANIMALS. 

X o ~pecial di et was giYen, the rations being in all case;; those 
supplied to the stock at this Institute. Rheep receivedllb. of mealie~, 
Yeld ha:-· and gTeen feecl (when aYailable) ad lib . , plus ~ oun<·e of salt 
peT clay; cattle 1·eceiYecl 2 lb. mealie meal , 2 lb. men lie hrnn, Yeld hay 
an<l green feecl (when available) arl l'ib. , plus 1 oun<·e -of salt per clay. 
I-Ior,..;es received 5 lb . of m ealies, Yel<l hay and green fef:'d (1Yhe:1 
avc<i lahle) ad lib., plus ~ ounce of salt per clay. Siek horses 
1eceived G lb . of mealie bran ancl 2 lb. of crushecl oats instead 
of the f)lh. of mealies . The green feecl consisted of either 
luce1·ne, green barley OJ' oats. 'l'he food was given at 7 a .m. and 
4.00 p.m . ; wnter tlnee times a day. As the nature nnd amount of the 
diet influence, to some exten t t he "c-ompositi-on of the blood, the systern 
of analysing the blood repeatedly hef·ore and after infeetion of une 
and the ame animal on a " fixed " cliet, eliminate~> largely the 
complicati<Jn of the influence of the diet -on compositi<Jn. In t his 
connection it shoulcl also be horne in mind that during HeYere hyper­
rhexias, espeeially duri11g the critical period, animal s not uncom­
monly r efuse food- this anorexia JH!I' se influ encing th e compo~ition 
of the blood . 

As, ho"·ever, such an anme:s:ia c-onstitutes a part of the symptom 
complex, its influence ·On the composition must be regarclecl as 
abnormal and as part and parcel of any pathological changes whid~o 
may be ohse1·ved. 

It was not considered -of sufficient Yalue to determine accuratelv 
~be intake of food by each individual animal, since the present wort: 
1s not so much <"Oncerned ~~-ith how the food influences the blood com­
position but rather a study of the influence on the body of nrious in­
fections as reflectecl in the blood. 'l' hi s system also furthermore permits 
of seaso11al variations in the normal composition of the blood to he 
taken int11 consideration, whether due to diet, environmental temperh.-
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CHEMICAL BLOOD STUDIES. I. 

ture, humidity, etc., or not. It, therefore, allows for an accurate 
oomparison ·Of the figures obtained for the various constituents in 
health and during any particular infection. 

The subjects were in all cases placed on temperature for long 
periods prior to infection and clinical examinations made whenever 
it was deemed necessary for the purposes of these investigatiQns. 

TECHNIQUE AND METHODS. 

Full reference to the origin of the methods here used are given 
under the various sub-sections and only where modifications of any 
given method were introduced, or special points of interest emerged, 
have these been detailed here. In all cases such changes of the pn~­
scribed procedure have been thoroughly checked before being adopted 
for the analyses of blood filtrates. 

(1) METHOD OF TAKING BI"OOD SAMPLES (N eser, 1923). 

The blood was in all cases drawn frm11 the jugular vein with 
sterilised trocar and canula or hollow bleeding needles and c·ollected 
in 30-35 c.c. vaccine bottles containing 0 · 25 c. c. ·of a 20 per cent. 
potassium oxalate solution. These bottles were filled with blood so 
that less than one c.c. of oxalate per 100 c.c. blood was used. 'rhis 
amount ·of anticoagulant pr·oved sufficient, except in the case of sheep 
blood, with which occasional clotting took place, such bloods having 
then to be discarded. The bleeding took place, in the majority of 
cases, between the periods 8.30 a.m.-9 a.m., except where otherwise 
stated. This enabled me to oollect as nearly as possible comparative 
data as far as the period between the morning feeding of the stock 
and the withdrawal of the blood was concerned, and further permitted 
the analyses being completed the same day (except the amino-acid 
nitrogen determinations, since with these the colorimetric readings 
had to be delayed for 24 hours). Serial analyses could thus be made 
without difficulty. 

In order not to introduce a complicating factor through the 
production of an anaemia as a sequel to too frequent bleedings, 
bleedings were undertaken with as long intervals as the main objects 
of this research permitted. The analyses were begun immediately, 
precipitation of the proteins being started within a few minutes of 
bleeding. 

(2) PREPARATION OF BLOOD FILTRATES. 

As previously stated, determinations were made ·on so-called 
" laked " and " unlaked " protein-free filtrates, the method followed 
being in both cases those advocated by Falin and Wu (1919), and 
Falin (1930), i.e. using tungstic acid as the protein precipitant. 

(a) " Laked " Blood Filtrates .-The addition of 10 c.c. of blood 
to 70 c.c. of distilled water in a 100 c.c. container was followed by this 
mixture being well shaken to permit of thorough laking. 10 c.c. of 
11 per cent. sodium tungstate solution (N a2W0.-2H20) were now 
added, followed by 10 c.c. ·725 per cent. normal sulphuric acid, the 
mixture being again well shaken. With all samples having an 
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approximately normal haemoglobin content, the colour changes in the 
mixture are those described by Folin and Wu, the higher the haemo­
globin content, the darker is the brown oolour of the precipitate, but 
with anaemic bloods the colour is ·of varying depths of dirty pink, tho 
more anaemic the lighter the colour remains. 

Falin and Wu adv·ocate the use of a 10 per cent. sodium tungstate 
solution and ·66 N sulphuric acid, but the author has encountered 
blood specimens where, when using these concentrations, the filtrate 
either did not come through water clear or came through clear but 
later became slightly turbid, especially was this the case with equiu•.:J 
blood. When using the slightly higher concentrations, clear filtrates 
were always obtained. 

On making check determinations with filtrates obtained with 
10 per cent. and 11 per cent . sodium tungstate solutions for all the 
constituents, no differences in the results-within the experimental 
error-could be noted. During filtration-through Schleicher awl 
Schull's folded filter paper No. 588, 15 em. diameter-the first few 
c.c. of filtrate were always returned. The filtrate is ·only very slightly 
on the acid side, except with anaemic blood, in which case it is 
distinctly more acid. 

Ten c.c. blood yields sufficient filtrate for duplicate determina­
tions ·of all the above-mentioned constituents. 

In view ·of the number of different constituents which are deter­
minable in the filtrate, this method of precipitation offers undoubted 
advantages and must be regarded as a notable advance in the 
technique for the study of such a complex tissue as blood. 

(b) " Unlalced" Blood Filtrates.-For these Falin's (1930) 
method was employed, except that filtration, instead of centrifugation 
was used, no tr·ouble being experienced in getting sufficient filtrate 
before disintregration and haemolysis set in. The filtration was 
carried on only sufficiently long to obtain sufficient filtrate for the 
determinations-generally about 30 minutes-the darkening of the 
blood during this period being only slight. 

vVith the majority of blood samples visible disintregration, except 
darkening of the precipitate which takes place earlier, occurs only 
about after an hour, except in the case of bovine blood, which 
haemolyses more rapidly. In very rare cases disintegration ·occurred 
within 20-25 minutes with s·ome pathological samples. Anaemic blood 
samples can immediately be spotted by their paler pink colour after 
the addition of the ! N sulphuric acid. In the case of the laked 
filtrate there is undoubtedly the objection raised by Wu (1922), that 
constituents ·of the disintegrated blood corpuscles are included, but 
where both filtrates are used concurrently, this very fact is of some 
interest in indicating in which fraction, i.e. whether in the cellular 
or plasma fraction, the constituents are concentrated, and whether 
any changes in the normal relative proportions can be noted under 
patholog'ical conditions. This aspect will again be referred to in the 
final discussion of the data obtained. 
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CHEMICAL BLOOD STGDIES. I. 

(3) A:tiUNO-AClD DETERMINAT IONS . 

Fohn's (1922) method "·as used, utilising 10 c. c. of each filtrate. 
'rhe colorimeter was set generally at 10 mm. and no trouble in read­
ing experienced except where the amino-acid oont ent " ·as found to he 
relatively low. In su ch cases the oolour tint of the unknown tenrlerl 
more towards a yellow, and exact matching became Yirtually impos­
sible. No e:ffol'ts were made to attempt to determine why th e colour 
in such cases differed from the standard. 'fhe cause may be the 
" dilution phenomenon " as suggested by Folin (1922) or he asso­
ciated with a change in the r elative proportions ·of the Yarious amino­
acids composing the " amino-acid nitrogen " fraction of the bloorl, 
when the total " amino-acid K ", ns given by t his m eth od, is lo" · . 
Folin chaws attention, during the rliscussion of the method, to t he 
fact that only a part of the nitrogen , i.e. the nitrogen in the -NH 2 

grouping 1·eacts with the quinone r eagent an<l that, therefore, certa in 
amino-acids give readings whieh are in reality too lmY. H e instances, 
amongst others, hi stidine "·hich only read,; with one-third -of its 
nitrogen , and tryptop hnne reacting "·ith one-half. It is, th erefore, 
theoreti<:ally at least, posRible to obtain a low reading, eYen although 
the total amino-aeicls aetually present may be 1·elati.vely h igh. Under 
normal conditions the actual proportions a nd number of clifterellt 
amino-acids circulating in t he blood is probably fairly constant , 
subject to the influence of the diet, hut during pathological conditions 
espec:ially septi.caemias, selective destruc:hon by the micro-organisms 
of one ·or more amino-acids would tend to disturb the norm al pro­
portions. 

Unfmtunately o1.n kno" ·ledge of the metabolism of the micro­
·organisms in biolog·i cal fluids -or t issu es intravitam during an:-· 
specific infection, " ·ha t they li.Ye on, what products m·e excreted by 
them, and ''"hat c:hnnges, if any, are brought about by these exc:r eted 
substances in the surrounding- merlium, i,; extremely limited r.t 
present. 

(4) U mc A cm Dl':TBR:\IIXA' I 'Io~s . 

. The " uric acid N " in both " laked " and " unlaked " filtrates 
was determined by Fohn's 1930 methorl . 1t wac;, hO\YeYer, found to 
be more satisfactory in the majority .of .;a.-les, especi ally " ·ith sheep 
bloocl , " ·h er e t h e uric acid C'.Oncenhation is low, to make the Yolume 
up to 15 c.c. instead of 25 c.c. fm the colorimetric reachngs. 

(5) THE DETERMIKATJON o~· "DREA N." 

F-or this Folin and Svedberg's urease (1930) n1etho<l [see also 
Folin and Denis (1916) J was employed and once the teehnique had 
been acquired was found to be simple and eom-enient. At t he 
beginning, however, difficulty was experienc:ed in obtaining uniform 
results " ·hen making a series of duplicate determinations 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 cheek of all the reagents and t he 
technique employed, suggested that possibly the fault lay with th e 
am.Ount of buffer Rolution added to the unknowns. Further detailed 
wo11k in• this connection c-onfirmed this su spicion. It was fo und th at 
constant results were .obtainable through the addition of more buffer 
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solution, the optimum being determined to be 1·5 c.c. instead of the 
two drops reconunendecl by the authors <Of the original methucl. Full 
details of this "·ork are giYeu in this (1933) Journal (see pages 279-283). 
In my determinationt> I haYe used 1·5 c.c. of the buffer solution and 
have -obtained exeellent results. For the preparation of t he urease 
paper extracts made hom locally gr·own S·oya beans and from 
"~Ierck's S·o,va bean meal ", gaYe equally :;atisfactory results . After 
the addition of the urease paper, the tubes '"ere allowed to stand for 
1-1! hours, '"ith occasional shaking. 'fhe small anti-bumping tubes 
not being available, a small glass bead was substituted and no trouble 
experienced with bumping ·onc:e the technique of the urea distillati on 
had been mastered. In most cases a stanrlarcl em-responrhng io 
10 mgm. urea nitrogen per cent. '"as employed 0\Ying to the low 
blood m·ea often encountered, although the 20 mgm. pe1· cent. sb n­
clard was also ah·ay;; made up . \\Tith high urea-containing filtrate;;, 
dilutions were made in such a way as to giYe eolours after nessleri~;t­
ti-on, elosely app1·oxima ting the eo lour of the stand a rd . Repeated 
blanks "·ere made throughout the eourse of these inYestigati.ons, and 
in consequence an average figu1·e of 1 mgm. urea K per eent. was 
suhtraeted from the "urea K " figures obtained. 

(G) X ox-P1wTEIX XrmoGEX. 

Falin and \Vu's (1919) method [see also Folin and SYeclberg 
(1930)] was used and all determinatiollS made in duplicate, two 
standards in each case being made up, containing ·3 and ·15 mgm. 
X respeetively. \Vhere the :K.P.N. was high, the determination " ·as 
repeated " ·ith smaller amounb ·of filtrate, so that the colour ·obtainerl 
would approximate the stand:ud solution. It is of g1·eat importance 
to oontinue the micro-rligestion sufficiently long to ensure complete 
digestion, otherwise the readings will he too low. I have found the 
best 1·esults are obtained if the digestion is carried so far that when 
15-20 c.c. of "·ater are aclded, the solution is Yery slightly turbill. 
This turbidity disappears on mahng up t.o the final Yolume of 50 c.c. 
If the digestion is carried further, even fm· onl:v a few seconds, a, 
markecl turbidity fr-equently results, which then interfe1·es with 
aenuate colorimetl'ie readings, results whic·h are too high being 
obtained. vVith experience the conect degree -of digestion can he 
readily acqui.1·ecl. 

(7) " To'L\L " CnEATJXIXE DETEinnxATIO~s. 

F-olin and \Vu's (1919) meUJOd was use d , the pirric acid bein;-4' 
purified with the methocl of Benedict (1929) from glacial aeetic aeid. 
In connection " ·ith the method as <lescribed on page 100 of the 
Journal of Biological Chemistry, Y-ol. 38, 1919, an error in the 
C"alculation has crept in. Instead of multiplying by 6 it is necessary 
to multiply by 12, since 20 c.c . . of the standanl solution reeommenderl 
contain ·12 mgm. of creat inine. \Vith 10 LC . of the standard solution 
(Hawk, 1931), the calculation as given, \Yould be correct. 

When accidental ·overheating in the autocla1·e oceuued <t 
turbidity clue to the presence of a white precipitate necessitated a 
repeat determination. 
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(8) 'l'oTAL NITROGEN (oN vVHOLB BwoD). 

For this 1 c.c. of oxalated blood \Yas digested in a Kjeldhal flask 
with 15 c.c. of sulphuric acid-oopper sulphate (15 c.e. acid and 1 c.c. 
6 per cent. copper sulphate) digestion mixture until clear, the 
ammonia being distilled into a known volume (25-35 c.c.) of ·1 N 
sulphuric acid. A blank of 20 mgm. was allowed for. 

(9) HAEMOGLOBIN. 

One c.c. of whole blood was diluted to 200 c.c. with ·1 N hydro­
chloric acid to convert the haemoglobin into acid haematin. Full 
development of the colour is not obtained at once, all readings being 
taken with day-light illumination four hours after dilution. The 
standard employed was a K ewcomer (1919) elise "·hich had been 
standardised in this laboratory against the van Slyke (1921, 1924, and 
1927) gasmnetric haemoglobin determination method. 

'l'he cdorimetric readings were then converted by means of tables 
supplied "·ith the disc into " haemoglobin per cent. Williamson's 
Standard " and this reconverted int<J " Grams Haemoglobin per 
100 c.c. blo-od ". No correction " ·as made for the small amount of 
anti-coagulant used-less than 1 per cent. All precautions such as 
detailed in Fourie's (1931) paper, viz. thorough shaking of the acid 
haematin solution, absence of gas bubbles in the pipette, etc., were 
taken into account. 

(10) SuGAR DETER)HNATIONS BY FoLrK's (1929) METHOD. 

In connecti-on with this method the special Folin-Wu sugar tubes 
were not available in time and in their stead 18 mm. diameter test 
tubes 21 em. long had to be utilised, only this type of test tube being 
used throughout. vVith t hem more constant results were obtained 
when the heating was continuecl for 20 minutes instead of the 14-15 
minutes recommended. No time should be lost in the cooling after 
the heating anrl the addition of the acid molybdate reagent. Thorough 
mixing is essential. Owing to the relatively low blood sugar content of 
some animals, particularly sheep, ori.ly 1 c.c. standard glucose solution 
had frequently to be used, the final v-olumes being made up to 15 c.c. 
instead of 25 c.c. 

(11) THE UsE Ol' THE CoLOllDIBTER. 

Fm: all the colorimetric work a " H.ohi " 50 mm. E. Leitz colori­
meter was utilised. Particular attention was paid to noting zero 
points, setting the two fields evenly, interchangeability of cups, etc.., 
in orde1· to obtain accurate readings. As a general rule I preferred 
setting the standanl at 10 mm., except f<Jr abnormally dilute solu­
ti(JllS . \Vith the lighter tints of the fields obtained in this way i t 
appeared easier to get more constant readings, the difference in tints 
being· more readily noticeable. 2-3 Careful readings were taken for 
each unknown, more readings throwing an undue strain on the eyes 
and tending to inaccuracy rather than accuracy. The source of 
i llumination \Yas always daylight against a white background. 
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(12) TEMPERATURE CHARTS . 

In order to indicate the type of temperature reacti.on, and more 
l)articularly to demonstrate at " ·hat periods of the reaction blood 
examinations h ave been ma de, ch arts have been incorporated. The 
periods at which blood has been drawn has been indicated on t he 
curves. The temperatures " ·ere taken twice daily (once only on 
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 u seful purpose being served by 
the incorporation of several "1\eeks of such normal records. 

(13) TABLES OF AKALYTICAL DATA. 

These are mostly self explanatory, all constit uents being 
expressed in " mgm. per 100 c.c. of blood " except h aemoglobin anrl 
total nitrogen , both of which are expresserl as " grams pe1· 100 c. c.·'. 
The " coaguable nitrogen " ha s been ·obtained by calculation 
\Total N- N.P.N.). 'l'he " R est nitrogen" represents the nitr<)gen 
fraction unaccounted for in any specific form after the " urea N ., , 
" Total creatinine N ", " uric acid ", and " Amino acid N " hall 
been subtracted fr.om the " Non-protein N " figure. The ur ea ( 46·66 
per cent. N), total creatinine (37 per cent. N) and uri c acid (33·33 per 
cent. N) have for the sake of convenience been expressed both as snch 
a nd as "Nitr·ogen " . In the column " plasma" the symbols " n .u . . , 
(nothing u nusual) refer to t he physical appearance of the plasma, 
more p articularly to its colour. In anaplasmo;:;is, redwater and horse­
sickness, icteric plasmas \\·ere quite frequently encountered. The 
" plasma " column has been ·omitted in the case of heartwater, since 
t he plasma at n-o time showed any haemolytic or icteric diseolouration. 

In the column " 'remperature R eaction " the following symbols 
h ave been adopted: --

N (N onnal) = meaning that no abnormal temperature reaction 
is going on at the time of bleeding. 

P .I.N. (Post i nfechonem, normal) = indicating that t he an imal 
has been inj ected with virus, but that as yet no tempera­
ture reaction has set in. 

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

" Time of bleeding " = \There no symhol is given it means that 
the blood \\a s 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. 

SUMMARY. 
A scheme has been ou tlined of a series of researf'hes into various 

a nimal diseases and the teehnique and t he chemical methods u tilised 
have been described . The present paper is to be regarded as the first 
of a series of publications to be issu ed under the general t itle of 
" Chemical Blood Studies " and is t-o serve as a general introduction 
for the series . The chemieal determinations include total nitrogen 
(T .N.), haemoglobin (Hb), "'l'otal " creatinine nitrogen (T .C.N .), 
urea nitrogen (U.N.), uric acid nitrogen (U.A.N.), amino-aci rl 
nitrogen IA.A.K .), sug·ar (S.), a nd non-protein nitrogen (K.P .N .). 

277 



CHEMICAL BLOOD STUDIES. l. 

RF.FEREX CES. 
BENEDlC'L', 8. R. (1929). A note on the purifica tion of picric acid for 

creatinine deter mination. .Jn l. lJiol. Ch em. , Vol. 82, p. l. 
FOLJN, 0. , AKD WU, H. (Hll9). A syste m of blood a n alys is. Jnl. B -iol. Ohern., 

Vol. 38, pp. 81, 87, and 98 . 
FOLIN, 0. (1930). Unlaked blood as bas is f or blood an a lys is . J n l . B iol. Ohem., 

Vol. 86, p . 173. 
FOLIK, 0. (1922). A system of blood analys is s upp lem ent III. Jnl. Biol. 

()h em., Vol. 51, p. 377. 
FOLIN, 0. (1930). An improved method for the determination o f' ur ic acid in 

blood . Jnl. Jiiol. ('h em ., Vol. 86, p. 179, and J nl. Hiol. C'hem. , V ol. 88, 
p. 85. 

FOLIN, 0. , A:-:n SVEDBERG, A . (1930). An improved distillation method for 
the determination of urea in bl.oocl . .J nl. Ji iul. C'hem., Y o!. 88, p p . 77-85. 

Ji'OLIN, 0., AND DENIS, W. (1916). Nit t·ogen det erminat ions b~· direct 
n esslerisation V . Urea in blood. Jnl. B iol. ( 'l1e m., Vol. 26, p. 505. 

FOL IN , 0 ., A:-:D SVEDBERG, A. (1930). l\Iicr o-methocls for the determination 
of non-protein n itrogen , ure::1., uric a <:id and sugar in unlakecl bl ood. 
Jnl. Biol. 0 /i em ., Y ol. 88, p. 85. 

I<'OUlUE, P . J. J. (1931). The h aematology and p athology of Haemonch osis in 
sheep. 17th Rept. Vir . T' ct y. Sen. n nd A ni111. lncillsf. , p. 495. 

HAWK, P. B. (1931). PrnC"t ical Physiolog ical Chem istr,,· . lOth Edit ion, p . 423. 

J ORDEN, T. J. , AXD GRAF, H. (1933) . C hemi <:a l bl ood studies. II. A con­
tribut ion to t he det e rmin ati on of urea in animal blood filtrates (" laked " 
and " un laked "). Onrlerst epoort J nl . of l'ety . S c. a n d A.n i m . f nd u.<. 
Vol. 1, No. 1. 

1\ESER, C. P. (1923). The hlood of equines. 9t h and lOth R ept. D ir. Vet y . 
H. e.s . and Edtlc. , "Gnion of S .A. , p. 479. 

NEWCOMER, H . S . (1919) . .fn l . Jiiol. Ohem. , Vol. 37, p. 465. 
VAK SLYKE & STADIE (1921) . .Jnl. JJiol. Ch em ., Y ol. 49, p . l. 
VANSLYKE & ~EILL (1 924) . . Jnl. Bioi . Clt em ., Vol. 61, p. 523 . 
VAN RLYKE (1927) . . f nl. liio /.. ( 'h enl .. Vol. 73, p. 121. 
\YU, H . (1922). Separate analyses of the corpuscles and plasma. .J nl. Biol. 

()It em., T'ol. 51 , p. 21 . 
Chemicul liluod 8t11clir's . 1-T'. O nd ersf f t!OOI'f .fn l . of Vet. 8c. a nd .'l n . I n d 11S. 

T'ol. 1, No. 1. 
GlL\F, H. This article . 
JORDEN, T. J ., AXD GRAF, H. II. A cont ribut ion to the det e rmination of 

urea in an imal blood fil t rn tes. 
GRAF, H . l JT. Comparative studi es on " la ked " and "unlaked" blood 

fil t rates of sl1 ee p in h ealth and during H enrt water and Bluetongu e. 
GRAF, H. 1 \ ' . Comparat iYe stud1 es on " laked " a nd " unlaked " b lood 

filtra tes of horses in healt h and during Horse-s ickness. 
GRAF, H. V. Comparative s tud ies on "laked " and " unlaked" blood fil t rates 

of ca ttle in health and during .Annplasmosis a nd Piroplasmosis . 
HAMEH S MA , P. J·. VI. A seria l stud~· (oYer a 12-month period ) of some 

org anie constitue nts tn " laked " nml "~1 nlakecl " bl ood fi lt rates of 
health~· sheep of nuious a ges. To he publ ished in s ubsequent n umber 
of t his Journal. 

278 


