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INTRUDUCTLON

A disease process characteriZed by 'honey urine'
and & melting away 0f tissues jdiavetves meliitus;
had been Kncwn and described by physicians dating
back to the Hindus of remote times. &Sut 1t was not
untii Syivius \iosu, that any notion was advanced of
a morbid state ol the blood associated with the dis~
ease. \1; une hundred and fifty years elapsed roiiow-
ing Syivius' theory of blood mourbidity berore sugar
was tinaiily detected in biood by chiemical analysis;
this credit being attributed to an apothecary Ambrosian
in 1835. Attempts by chemists prior to this time were
ineffacacious, so it is not surprising that the history
and significance of biroocd sugar deterwinations dates
back and progresses with a history and knowledge of the
disease entity, diabetes meliitus. iiany other morbid
processes manlfest-an altered glycemia aithcugh none
have been as infiuential in stimulating a desire to
iearn about biocd sugar and iivestigate methods of
determination as has diabetes meiritus.

Although blood sugar determinations have been
possible since the miadie of the ninteenth century
untii the fast thirty years such studies were largely

confined to the physiological liaboratory because of



the lack of suitable methods. mnowever the discovery
of insuiin by banting aud cest in 121 inspired a
tremendous auvancemeintt in the development of clinicai
procedures for blood sugar analysis. With such a
potent material at the hands of the physician for
treatment of the diabetic patient it became a matter
of considerable importance to be able to ueasure the
actual giucose content oi the oiood as closeiy as
possibie. ‘Today bicod sugar deterwiunation is one of
the most comuon of ail chemical procedures 1w ciinical
medicine.(2s 4in the absence of obvicus ciinical
signs and symptoms of diavetes meiiitus, this proced-
ure is the major criterion for diagnosing ithe disease.
PURrUon AsD SCUrk ur STUDY

it has been estimated by Spiegeiman and warks (3,
tnat tne totai popuiaticu of tine United States widl
be at a maximum in lveS. By that time one may expect
an increase of 74% in tne diabetic population, while
the generali popuiation wiitl nave increased only 22%.

Diabetes is one of the most prevalent of huwsan
diseasés. The malady is a disorder oif carbohydrate
metaboiism and is characterized by nypergiycemia and
gilycosuria.(4, Gliycosuria, however, is nol & coustant
ieature ai the disease particularly in miid cases and
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diabetics ol long standing who develeop & high renail
threshold to tuhe spilling of sugar in the urine.
Hypergiycemia, on the other hand, is always manitested
in some way in the disease process Wwhether it be a
high fasting levei, high glucose toierance curve, or
a prolongation in the return to a normal level during
the glucose tolerance test., The delayed return to
normal 1s the most adequate criterion for diagnosis
on a giucose tolerance basis. (H; It is evident the
importance of blood analysis for sugar in the diagnc¢sis
of a disease process which is rapidly increasing in
incidence throughout the world.

wmanagement of the diabetic patient is likewise
vest carried out by following the blood sugar as
adequately and accurately as possible. A knowledge
of the bliood piecture freguently over & 24 hour period
is very desirable 1n knowing what type of insulin to
prescribe and when to give it as well as how much to
give. 4in conjunction with this manner of thinking
in diabetic management, many ‘rapid method' blood
sugar tests have recentiy 5een devised and are grad-—
ually becoming more in demand. Agréement is perhaps
universal that a fregquent check on the blood picture
is much more important and far more accurate than the
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urine analysis.

Blood sugar determinations have become of utmost
value in the diagnosis of renali giycesuria. This
candition is a lowering of the renal threshold to
blooa sugar in the absence of an aobnormal hyperglycemia
resulting in a harmless elimination of sugar in the
urine. L1t 18 sometimes called orthoglycemic giycos—
uria or diabetes innocens. (6.

wosenthat (5, stresses the point that the renal
threshold should always be determined using arterial
or capillary biood and not venous blood. This is
rather obvious as tubular excretion is in direct
proportion to arteriai concentration. Glucose 1is
found in the urine normally when arteriai blood sugar
concentration i1s at about 2uu mg %. ‘this 1s a fairly
constant relationship.

Joslin et al., (7. feel that giycosuria must
be present during the Iasting state before a disgnosis
of renal glycosuria can be made. ILiowever, Lawrence
{6, does not agree with this concept, but feels that
the condition is proved whenever glycosuria occurs
with a normal biood sugar.

the condition is not rare having been observed
in 65% of suu cases of glycosuria among selectees
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during the ltast war. it is a life long condition in

most cases and is inherited in some families as a

uwendelian dominant characteristic, so that half of

the children are affected. Also it is a common

temporary occurrence during pregnancy. No treatment

is required as it does not develop into true diabetes. 6,
Anvther symptomless glycosuria known as the Lag—

storage curve, oxyhyperglycemia or alimentary hyper-

glycemia is characterized in individuals by glycosuria

after meals. 1t is explained on the basis that from

a normal fasting level the sugar rises rapidly after

glucose ingestion to over 2uu mgp garteriai;, but

returns to the fasting level within the normal time.

‘The glycosuric condition is ccmmonly seen in persons

with a rapidly emptying stomach or after gastro-enter—

ostomy. +1he high blood sugar levei and glycosuria

is a result of rapid absorption of glucose into the

blood stream. (6. ,
Uther conditions that upset the normal blood

sugar picture and produce 'pseudodiabetic curves' (6,

include: 1. Toxic and septic conditions. . kndocrine,

a. thyrotoxicosis b. hyperpituitarism c. chromaffin

suprarenal tumors. 3. uld age, where carbohydrate

tolerance is commonly reduced, although Slictner (&;
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feels tuat the decrease in carbohydrate tolerance

is not due to age itself, but is the result of pro-
ilonged inactivity. 4. Ubesity. . rrevious starvation
or carbohydrate restrictions when ketonuria is present.
6. Liver disease especially hepatitisQ in all cases
of the above conditions diagnosis as to diabetes or a
non—~diabetes condition is ultimately dependent upon
the history and biqod sugar picture during periods

of rfasting and stimuiation.

A few rare instances where melituria is due teo
reducing glucids other than glucose occur from time
to time and must be ruled out. <+this is easily accom—
pliished by doing a fermentation test on the urine
using baker's yeast since only glucose is fermented
by yeast.\=, Somogyi (iU, however, emphasized the
fact that whenever yeast is used in the fermentation
process it must be purified by repeated washings.
Variable amounts of reducing substances are given
up by yeast in the fermentation process when not
thoroughly cleansed before use. uther tests helpful
in diagnosing melituria, not due to glucose, include:
Seliwanoff’s test which gives a positive result for
fructose; the Bial test which is positive for pentoses;
and the characteristic osazone formed by the various
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sugars when reacted with phenylhydrazine.\li,

A Knowledge of the blood sugar, particularly
in the morning before breakfast, is of extreme import-
ance in the diagnosis of hypoglycemic states whether
it be due to hyperinsulinism, hypofunetion of other
endocrines or Ior any other cause known to produce
hypoglycemia. ‘the glucose tolerance test has not
been of value in diagnosing this state unless the
test is performed over a 5 to & hour period. iypo-
glycemia usually does not become manifested until
that much time has elapsed.{12,

the above evidence is conclusive regarding the
importance of a knowledge oif the blood sugar. Lt is
imperative not only in the diagnosis and management
ci the diabetic patient but also in many etiner disorders
characterized by either melituria, hyper—- or hypogly-
cemia.

UnlVaRoAullY AND ACCURACY

ithe primary purpose for writing this paper 1s not
Jjust to emphasize the importance of doing blood sugar
determinations but to discuss the need for a ‘universai‘
clinical method with unguestionable accuracy. wuliti=-
plicity of procedures usually means that none are
fool-procf. ileeberg (13, in reviewing the literature
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found no less than 6v different methods of examining
monosaccharides and 24 different clinical proecedures.

in the 34 years since Hamman and Rirschman's
suggestion (14, of foilowing the biood sugar level
after ingestion of glucose, nweerous variations of
the glucose tolerauce test have been devised. ihere
are at present four popular methods, each with its
own criteria. uikewise each of the numerous laboratory
methods for bplood sugar determination has its own
separate standards for the so called 'norms! of the
particular procedure.

Table 1 iliustrates the multiplicity ef criteria
resulting from se¢veral different clinical procedures
now in vogue.

TABLE &
A comparison of criteria for normal glucose tolerance

curves showing the marked variations resulting from
different methods and different autnors interpretations.
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2h=---2 hours after giucose ingesticn.
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From the iable it will be noted that differences
as high as wvu mgk» exist depending on the method used
and which author's criteria is accepted.

As stated prewiously, & return to the fasting
level in two hours or less is the most important
diagnostic feature of the glucose tolerance curve,
but the fasting ievel and height of curve must not be
overlooked. ‘ineretocre, it is imperative that we have
some idea of what the normal values are, which are
all too confusing at the present time.

muhberg (17, found the following inconsistency
among thirty insurance agencies: Ffractically all
companies used the rolin=-Wu laboratory procedure
or some modification of it. &ighteen companies used
iUU grams of glucese; six used 75 grams; and six used
50 grams. iwo companies utilized the kxton-ixase meth-
od. fthere was very little agreement as to the time

intervals used in doing tne tests. ihirteen companies

used venous biocd,; ten used arterial; and seven employ-

ed either one. in cases where renal glycosuria existe
ed, twelve companies issued policies with extra prem~
iums. 12U mg» was the tendency for fasting normeal,
and oue half an hour after glucose ingestion figures
varied Irom 225 mg#% down to 16U mgpg..
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ihe finding of so many variations in laboratory
procedure and standards of such an important diagnostic
aid, further emphasizes the dire need for study into
the problem with a goal set at universality and accuracy.

SUUKRCaS OF sKROR

Sources of error in determining blood sugars (17.
are many and include: 1. Laboratory technique. 2. Use
of the tourniquet when obtaining venous blood. 3. Art—
erial versus venous blood. 4. ‘irue bicod sugar versus
non=glucose reducing suostances, and 5. Blood sugar
stability in the fasting state.

Laboratory techmigue is invariably a source of
error in any clinical procedure. 1t must always be
taken into consideration for a Jjust evaluation of the
results. u mgk has been arbitrarily set as the max—
imal figure arising from error in technique.\5,

Use of the tourniquet in obtaining venous blood
has been a controversial subject for some time.
wosenthal (17, found that the application of a tourni-
quet before drawing venous blood could cause a rise
or fall in venous blood sugar amounting to 2u to 25 mgp.
Haunz and sneranen (2, ascribed the increase in venous
blood sugar to & forcing of arterial blood with its
higher gliucose content into the occluded veins. However,
they found that in the fasting state the arterio-venous
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blood sugar difference was negligible so & tourniquet
applied at that time made no significant difference.’
the general opinion in vogue is that a tourniguet
should not be used in cobtaining blood for venous blood
sugar determinations.

arterial versus venous blood for blood sugar
determinations is one of the primary factors causing
the controversy in this subject. At the present
time most workers in this field agree that arterial
and capillary blood is for all practical purposes
identical.({l17, Likewise, as previously stated, art—
erigl and venoueg blocd sugur concentritions ore thre
same during the fasting state. sn investigation of
A=V blood sugar differences carried out by ikosenthal
(177 revealed enormous variations during the course oi
giucose tolerance tests. in 35.5% the A-V daiffereiice
exceceded Bu mg% of olcod sugar whicn is a significant
variation in evaluating sugars. ©OScoth wosenthial (17,
and Fabrykent (12, found a reversal of the &;V ratio
\venous biood sugar nigher than arterial, in a Iew
patients. raorykaat ascrioces tnis to & 'vack diffusion®
ol' giucose irom tihe tissues or tissue spaces iuto the
circuiaticn. he noted inat hypoglycemic episodes
occurred when a negative A=V ratio existed (usually
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5 to 6 hours postprandial,. His explaination was that
it represented a response on the part of the venous
system to correct a criticai.y low arterial concen—
tration when a fali in arterial blood sugar occurred.
wmosenthai found that the reversal oi the A=V ratio

in diabetics is not as prevalent as the literature
reports. He reported a reversai ia only vs of his
diabetic patients. Souwogyli (18, agrees there is a
marked variation in the A~V ratio and feeis 1t 1is
precportional to the suppiy of 1nsu¢fn {increased in-
sulin gives an increase 1in the A=V ratiojs This be~-
ing true the A-V ratio should be lower in the diabetic
person, out 1n clinical studies it is often higher in
such persons. un tne other hand Sumogyi does not
agree with the concept of a negative A=V ratio and
feeis that such a state does 1ot exist for such a
ratio disregards the established fract that muscle
ceiis cannot yield free glucose. Thus, he maintains,
that whenever & negative A=V ratio is aitained it is
due to one of two things: sither there are certain
conditions under which muscle cells secrete irito the
circulation sowme reducing matter other than glucose or
else the anaiytical techniques employed are unsatis—

factory.



1t 18 evident that ideas on tne A~V ratio are stilil
controversial. wome advancement has been made though
in that most workers agree that arterial blood sugar
shouid be used in determiniug ‘renal threshold?'.
mosenthatl (17, and others feei the venous blood shouid
be used for guidance in treatment of diabetes and
carrying out giucose toierance tests. J1n those cases
the primary concern 1i8 with the utilization of car-
bohydrate, which is vetter revealed by the venous
blood. Ln commenting on mosenthali's work, Powers (i7.
was of the opinion that arterial blood sugar was quite
as lmportant as venous o0lood sugar. He felt this te
be so vecause arterial plood reveals the function of
the lLiver which is initimately &associated with glucose
levels oi the blood. wne might conciude the last word
has not been said coucerning A~V difierences and their
uselfuiness.

Ferhaps an even uore disturoing susject than A-v
differences is the so called non-glucose reducing
substances or ‘saccharcids! of tue blood. ‘iheir pres—
ence in the biood has veen a tremendous stimulus ior
continued interest i1n improving iaboratory methods to
seiectively determine giucose conceniratioi.

ihe presence of saccharoids vecame evident when
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it was noted that one technique of blood sugar deter-~
mination consistently yielded lower results than
another, wwost authorities believe the saccharoid
iraction is due largeiy to giutatnione, ergotiionine,
creatinine, cysteine, levulose and glucuronic acid.(2.
(Qu, Benedict (iwv., believed the nigh reducing valiues
might also ve the resuit of substauces iu tne bplood
iiitrate capable of causing an ailteration in the cop~
per couplex ewmployed (when copper is used as the
oxidiziug agent,. ‘the alteration ailiows the copper
to e wore readiiy reduced by glucose or other reduc-
ing materiais present.

Utto did s-me oI the origiunal research in dster-
mining tiie 'residual reduction' (saccharoids,;. He
subjected tie biood to aicoholiic ifermentation, con-
verting the glucose to aicohoi, and deterwined the
remalining reducing suostances by otnher methods. His
resuits were quite varied and Somogyi beiieved this to
be due to reducing suostances within the impure yeast
suspensions. bUy purifying the yeast Somogyi found the
saccharoids present to be very constant, averaging
27 mghk. Llui

Investigations by Benedict (4v., wosentiiai (5,
aud naunz (2, revealed the saccharoids to be quite
unpredictavie, ranging irom U to 78 mgr. wmosenthal
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found vaiues exceeding 3u mgr in 39 of 2UU deterwin-
atious. Chart L shows the irregularity of non-glucose
reducing substances found in ten patients during giu-
cose tolerance tests.

CHART 1

non-gliucose reducing suostances idifierence between
true nlood sugar method and ifolin-Wu method; in noraai
giucose toierance tests.

S0

3o
il
56-

5¢-

e nduunﬂ substances

my per 100 e blood

NOH‘j‘UL.j
¥

K
Fasting e i he

Time
Johnson in too? was tne iirst to poiat out that

Zhr

the interfering reducing substances in blood were pre-—
cipitated out with the protein by salts of heavy metals.
#wercury chioride was used extensively by Johnson. Later
FPatein and iufau improved upon the method by using
wercury nitrate neutralized by aixaii.\2i, Sowmogyil

in recent years nas found the use of zinc suifate and
barium hydroxide to be very successfud in removing the
sgccharoids during the deproteinizing process.\2d,
aApparently a generally accepted conciusion is that a
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‘true! giucose value is obtained by aicohoiic ferwueunta—
tion with purified yeast or, oy reduction methods when
salts ol heavy metais \Zinc, mercury, iron etc.,, are
used in deproteinization to eliuwinate tne wajority ol
noun—-giucose reducing substances.

wogsenthal (i7, cites a case (Tabie 1i, where rail-
ure to reaiize tne amount of non-giuccse reducing suo=—
stances preseut led t¢c a wrong diagnosis and cousequent
rerusai ol a LiiIe insurance policy ror several years.
ine patient reveaied giycosuria on examination oi the
urine. ihe #oliu-wu wmethod used in the ilaooratory pro-
cedure \which inciudes noen—-gtiucose reducing substances
evaiuated a2t a counstant of 3dv mgp; produced & miid
diabetic g¢ﬁcose toierance curve. ifiowever, the same
glucvuse tolierauce curve aeteruwined by a true biood
sugar wetnod was weil within normal ilmits. wson-glu-
cose reducing substances were tabuiated above Hu mgh
in ali Iour blood sugar determimations.

TApin Li

High vaiues for nou-glucose reducing suwvstances 1n a
sugar tolerance test.,

, VBNUUS DLUUL DUGGR G e
LIUE DD mevdhuLln-wu wethod | s.u.d.o.
rastiiy QY L3 ol
g oour 102 l7o 74
‘1 heur FRVE iio O
& hour Wl 164 ic
irue pDeo. wetld=—-—---irae vivod sugar uethed.
Welelioidgmmmmm e —m NWOL—giuCesSe reduCliy Suapsiances.
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Presumptive diagnoses made from fasting blood sug-
ars has caused many errors as pointed out by wosenthal.
\17; 4in normal fasting individuais the blood sugar
remains fairly constant. However in tasting diabetics,
655 snhowed consideraonle variation in blood sugar con—
centration. Approximately 4o showed & drop in blood
sugar (maximai 127 mgk,, while 1lb% had a rise \maximal
115 mg#;. wvne shouid be cautioned against making a
diagnosis on fasting biood sugars alone.

DesSCRLPTLUN alD DLoCUSSLUN OF PRuSENT

it nas been Knowu: for many years that sugars

having a free aidehyde or ketone group ifree carbonyl
group, are unstable 1n the presence of aixkali and are
readily fragmented into swaller units having strong
reducing properties. 1his 1s the pasis 1or the vast
majority of methods employed ror blood sugar deter—
minations. 4in addition, piood sugar determinations
may aiso be carried out by polaroscopic studies or

by alconodiic fermentation with baker's yeast. FYolar-
oscopic studies have never gained popuiarity in ciin-
ical iaboratories for they are not adapted for deter-
mining smali amounts ol biood sugar and 1in addition,
involve the use of expensive equipment. Lixewise,
methods of deterwination oy ferwmentation processes
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have never attained widespread use in the laboratory
for 1t is a rather awkward procedure. Jlt 1is interest—
ing to note that of tne three general metihods of blood
sugar determination, the two methods showing more spec-
ificity ifor glucose have never come 1nto practicail
clinical use.

A discussion of the various wmethods will be con-
fined mostly to those procedures involviing reduction
of metaiilc salts in hot alkaiine soiutions as they
are the principie mmeiinods in vogue.

thhe Tirst alkaline metaliic sait used for sugar
determinations was a copper suilfate soiution intraduced
py #ehliing 1n ig4v. Ficric acid, & nitroaromatic acid,
was used as a sugar oxidizing agent by iLewis and
senedict \23,, obut has talien into disiavor by the
popuiarity of copper and iron \ierricyanide, salts.
cenedict nimseii abandoned the picric acid for copper
reagentse.

As stated previousiy, most wethods involve the
reduction of hot algaline metaliiic salts by iragments
of tie sugar moiecuie \ containing free carbonyl groupu.
it has been demonstirated if sugars \containiing the free
carbonyi group, are heated for a ionger period of time
or with stronger aikali 1or a short tiuwe (Qu to Su
minutes,, the reducing suvstauces formed by the initiai
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action of the aikali are eitner destroyed or polymer-
iZed so tiney wiil no Longer have reducing properties,
It is therelore desirabie to estaplish optimum con-
ditiomns oI airalinity and uneating time to ootain
maxigum reduction.\24,433, <inis fact i1s ancther reason
1or the irequent modifications and continued iiwprove=-
ment of various iabporatory wmethods.

fhe method #y which tne biood riitrate 1s pre~
pared has become an extreweliy imporuiant pnase of imp=-
roved technique. A wide variety of deproteiulzing
ageuts nave wveen used among which are tuugstic acid,
tricnioracetic acid, picric acid, metapiiosplhoric
acid, aicchoti, coiicidal iron, &s weil as mercury,
zinc, copper, cadwium and iron saits. ‘e seiection
¢I the precsipitant depeuds upou tLie particular anadilys.is
TC De wade. wi00d Bugdar reguires & salutiy &aciaq,
neutrai or siigntiy algailiune Iiittrate., solin and Wu
\RH,; mwade use of tungstic acid Ior tne reisoval of
bloovd proteins in their system of oiood anaiysis intro-—
duced in iwid. By their techuique biocd 1s diiuted
ten times 1is the process of deproteinization. ‘ihe
fiitrate irom iu mi of blood permittied the determin—
ation oIl the non-protein nitrogen, urea, creatinine,
creatine, uric acid, amin¢ acid nitrogei, sugar and
chlbrides. pecause of tihe iact the method oI depro-
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teinization was well adepted for so many diiferent
biood chemistry determinations, it has become the
most popudar metinod in the majority oi clinical
laboratceries., nowever, it has siuce peen proven that
cther meincds ¢l deprcteisizaticu, particuiariy in
regard tov biocd sugar determinations, are much sup-
erior as tpey alsc riea tne iiitrate ¢if practicalliy
ail ucn—giucose red.ciig subdstaiices. ‘This desiravie
Ieature is unfiortunateiy mot present in roiin's tung=-
stic acid filtrate.(l6, waits ol heavy metais are
particulariy adapted to rid the fiitrate of ncn=-giucose
reducing substances.\2i,.26,(27,

A descripticn oI the lavcratory methods forth—
coming will bpe with emphasis not on liaboratory tech-

nigue but rather on the relative merits of each methcd.

foiin-Wu wethoa 25,1286,

This method was introduced by tiie co—authors in
le2u atter an unsuccessful attempt to employ & phenol
colur reagent to tne cuprous oxice, iormed by reduction
with viocd giucose, Ior coclorimetric determination.
it was tounc that phenoi reactions introduced unavoid—
able errors aznd was replaced by a new reagent, moiybdic
acice

‘the principle involved empioys the use of the

foiin=Wu tungstic acid bpiood filtrate heated with an

- au



aikaline copper solution using a special tube to
prevent reoxidation. 'fthe cuprous oxide formed 1is
treated with a pnosphomolybdic acid solution, and

& blue color velrng obdiainsgd o the rewciion 1s tinen
compared with & standard solution colorimetrically.
rhe alkaline copper solution contains sodium carbonate
for an alkaline medium, tartaric acid to prevent
formation and precipitation of copper hydroxide and
copper suifate the oxidizing agent. rhosphomolybdic
acid reacts with the reduced copper ion forming
coiigiruai oxXices ol woiyodlum. ‘ihe resuiting couicr
lntensity is proportional to tne amount or copper
reduced in tne reactioii.

Advantages \24,.34y

L. waboratory techunigue simple.

<. Laboratory equipment inexpensive.

5. Readily adapted to muitiple simuitanecus determinatious.

4. UXigizing agent readily soluble, rinimizing diff—
iculty in preparing tne solution.

5. adaptation or tungstic acid filtrate for blood
analyses other than giucose.

Disadvantages 2 417,\8u, 4324

1. autoreduction of copper in alkaline tartrate sol-
ution with distortion oif results.

2. modification of course of the reaction by the tartrate.
3. Deterioration of the ailkaline copper reagent.

21



4. Longer heating time than previcusly reccmmended need—
ed for complete reduction.

5. UDeterioration of molybdic acid reagent.

6. railure of tungstic acid to remove saccharoids in
deproteinization af blocod.

7. ineed of special ejyuipment iconstricted test tubes,
to prevent reoxidation.

g. HKequires venipuncture to obtain bloeod.

<. lncrease in error at higher blood sugar concentrations.

ly. Instability of tungstic acid soiution.

roiin, reaiizing many of the pitfalls of the method
made moditications in an etfort to eliminate some of
the undesirabie features. A new alkaline copper reagent
was prepared by decreasing the concentration of sodiuam
carbonate and adding sodium bicarbonate, thereby, de-
creasing the alkalinity to a more neutral state.
Foiin found tne specific merit ot the reagent was
attaineda rrom tihe fact that it yielded lower biood
sugar vaiues. Lt was Dy neeping close to tnhe lowest
permissable degree of alkalinity that more accurate
determinations were obtained.\Qs,; However a disadvan-
tage encountered with the new reagent was tne instabii-
ity with Loss of carbon dioxide trom the solution (3u.
unless kept in small, well fillea, tightliy corked
bottles. Likewise, witn the decrease in alkalinity,
an iucrease 1in tne heating period was required for
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more complete reduction. Aiong with the new alkaline
copper reagent, Foiin developed & new molybdate reagent
possessing a deeper cclor and greater alkalinity which
couid be used witih most ajikaline copper reagents.

worguiis (34, described a modification based on
Benedict's method ef uric acid determination whereby
sugar ccuid be determined by the rotin—#Wu method. ‘fhe
reagent invoived, arsenomolybdate, was claimed by the
autncr to give a deeper codor ior better colorimetric
determination.

Folin kicro wmethoa yod,

#oiin intrcuuced tuis methcd i1n Lwld. ine pro-
cedure utiilzes & very sma&ili amount of bicod V.l miy
and «epends on the reducticn of potassium ferricyanide
to ferrccyanide in the presence of a cyanide-—carbonate
puffer. The‘ferrocyanide 1s then converted to rrussian
biue by a soiution of ferric suirate., Gum arsabic is
added tu keep the #Frussian biue {ferri-ferrocyanide,
in coiioidai solution. The resulting solution is
measured colorimetricaliy.

Advantages 13541392

1. Utiiization of smalii amount of blood.

2. o special eyuipment needed,

5. wess heating time (b5=c min,.

4, rerrocyanide more stabie \no reoxidation, tnan
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cuprous oxide in oid rolin-W%u method.
9. No venipuncture reguired.

Disadvantages 1354436,448/

. wicro method less accurate than macro because of

-

greater possibilities for error in laboratory technique.

2. very inaccurate at high giucose levelis, thereiore nat
well adapted in diabetic cliinic.

Y. instabiiity of tuugstic acid soluticn.
4. lmpurities (ferrccyanide, iu ferricyanide reagent.

5. rerric ion less specific Ior reaction with glucose
than is cupric ion.

. inconvenience in keeping all reagents separate before
use to prevent deterioration. ‘

roiin (37, madified the ferric suifate solution
by substituting gum arabic with gum ghatti attainiug
a petter colloidai suspension. fotassium permanganate
was aGded to neutralize any uuwanted reduciug agents
in the gum ghatti. roiln aud maimros \Sdgs further
modified the method to iunsure accuracy within a range
from 5v to 6UU mgp.. Previcusiy it was onliy accurate
from 50 to 2uu mghk being of no practical use in diabetic
clinics where blocd sugar values oiten run exXtremely
high. The problem involved was how to measure the
rrussian biue in the presence of a iarge surplus of
yellow ferricyanide. 7The bad effects were easily
removed by constructing a tight screen using a tilter

24



paper soaked with picric acid. oy doiug this they
Iound tney could use four times as much ferricyanide as
in tne original method. &ALs80 by increasing the amount
of ferric suifate tney decreased a 5 minute waiting
period for kFrussian blue to develop shortening the total
dength of time required for the procedure..

Harvath and anehr (4u, adapted the method for
determination by photoelectric colorimetry and sub—
stituted a commercial product (lLupcnal, for gum ghatti
which later proved not to be superior.(4l, Reincke (42,
aiso adapted the method for utiiization with extremely
small quantities of biood (u.ul mi; which has been of
consideraole vaiue in smail animal experiiental work.

Lewis—-tenedict wethod (43

Lewis and benedict’'s originai method depended up-
on the reduction of picric acid by gilucose to picramic
acic¢ with the formation or a red coicr. Ficric acid is
also usea to deproteinize the blood. +the reaction takes
piace in a not alkaltine medium of sodium carbomate by
heating to dryness. & coiorimeter is employed to com—
pare the colior with a standard solution of picramic
acid. in lwis oenedict modiried the method (44, by
eliminating the heatiug to dryuess of the blood fiitrate-
picric acid soiution. in aadition tne blood filtrate
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was decreased in diiuticn so the reaction between
giucose and picric acid would be more concentrated
producing a better color.

Advantages (43,

L. Simpile laboratory procedure.
2. no special laboratory equipment needed.

Lisadvantages (254831,

i. Results very inaccurate in abnormal bloods e.g. in
diabetes.

wuggan and Scott (31, expound ou the inaccuracy of
senedict’s method with abnormal blcod. ‘They state that
a reduced amount of protein in the biood will leave an
excess of picric acid in the filtrate over and above
that assumed by the author to be present. Liherefore
an increase in either tne oxidizing or reducing agent,
the other remaining constant, would iead to an increase
in one or more ot the end products. oSlood containing
an abnormally large amount of sugar or abnormally
small amount of protein couid bpe presumed to indicate
a higher coucentraticn ¢f sugar with this method than
would be the case with otner methods. this is so, tor
with other methods the palance petween tne oxidizing
and reduciuag agents is not so easily disturbed.

Benedicts Uopper~citrate wethod (45,

benedict, apparentiy re&iizing the railure ol nis
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picrate method on abnormal bloods, gave it up in pre=-
ference to a procedure using an alkaline copper citrate-—
carbonate solution with a small amount of sodium bi-
sulfite incorporated into the mixture. The action of
bisuifite by combining with fragments ot the sugar
moleculie prevented the destruction of the molecule by
the carbonate present untii they have reduced tre copper.
ror deveiopment of color witn tne reduced cuprous oxide,
arsenophospnotungstic acid and rormalin was used. in
the several years following, Senedict made numerous
smali modifications (46,447, inciuding a micro method.
Also adjustments of the suifite—carbonate concentration
were made. Arsenophosphotungstic acid was replaced

by phospiiomolybdic acid. Alanine was added to the
alkaline soliution as tne amino acid appeared to tform

a complex witn the cupric saits. ‘ine complex is
reiatively unaffected by non-glucose substances that
reduce other copper reagents.

Advantagzes 1454145,

1. simpie laboratory technique.
2. Mo special laboratory equipwent.

3. Low blood sugar readings particularly when using
zinc fiitrates. wSaccharoids not reduced to an
appreciable extent.

4. Jisuifite allows greater reduction of copper by
sugare.

Disadvantages \29;i334
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i. vitrate exerts powerfui depressive action on the
oxidative properties of dissolved copper, thus the
reason for lower blood sugar readings.

2. Bisulfite soiutiens spountaneously oxidize to sulfate
altering the efficiency of bisulfite.

Although uvenedict:s method repeatedly gave lower
results tnan most other alxkaiine copper metnods, it
never gained popudarity in clinical laboratories.

Shaffer-Hartman wethad (4u, (5uy

Tnis metrod was introduced in i1v2i and patterned
atter the initial procedure of DeHaen in i&04 as adapted
by Baung lwid, scales lwlb and waclean 1l@lc. The prin-
cipie involved depends on measuring either the cup-—
rous oxide formed in the oxidation ¢f blood sugar or,
knowing the total copper, the residual cupric salt
left over by means of iodometric titration with thio-
sulfate using starch as an iudicator. ‘+the reaetion
being reversible, direction depends upou the concentra-—
tion ¢t ions.

2 Cuf*+ 2 I"==2 Cu* + I,
for the complete oxidation of cuprous salts by iodine
the concentrations of cupric and iodide ions must be
maintained at very low values; yhile for the complete
conversion of cupric to cuprous salt a very high con-
centration of iodide must be maintained. <The usuai
method is by oxidiziiig tue cuprous ion back to cupric
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Lequation trom right to i1eft, and insuring compietion
of the reaction by removing cupric ions with oxalate.
Thus the remaining icdine, after the above reaction,
is titrated with thiosulfate. <The amocunt of copper
oxidized reveals now much glucose was preseut.
vomogyl (51, modified this original procedure
by adjusting the aikaline copper reagent to a more
constant degree of alkalinity, thus giving better
reduction and higher values.

Advantages (33,140, i15u (81,

1. Accurate when technijyue adhered to.

2. waboratory procedure simpie.

3. o special laboratory equipmeut.

4. icdides decrease autoreduction of copper.

5. iodides decrease sensitivity to non-glucose reduc-
ing substances.

Ligadvantages (31443314504

L. dot accurate in lower ranges as potassium iodide
renders a small part of the precipitated cuprous
oxide soluble. +Lhis increases the suriace exposed
to reoxidation and limits the sensitiveness oi tane
method in iow blood sugar ranges.

2. Thiocyanate solution deteriorates.

3. rleoxidation of cuprous oxide by air.

4. uLong heating period {15 - 2u min,.

5. lodide makes method unsuitable for colorimetric
WOrk.
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Somogyi—ivelson method (3w, \52;

comogyi's modification of the old Shaffer-Hart-—
marn: method was turtner improved when he found the
presence of suifate 1n tne copper soclution depressed
the soliubility of oxygen in the solution. This pre-
vents the reoxidation of cuprous oxide by the air
with the result that much smaller amounts of sugar
can be deteramined. However suifate also depresses the
ionization of carbonate decreasing the alkalinity and
slowing down the reaction velocity requiring a longer
heating period.(36.

in 1u4% bomogyi came forth with a new reagent,
still using copper as the reduction ion, and includ-
ing sodium sulfate to prevent reoxidation oI the cup-
rous oxide. the principle change Ifrom the oid ohaf-
fer-tiartman reagent is that the carbonate-~bicarbonate
pbufter has been replaced by & phosphate buffer con-
taining di- and tribasic sodium phosphate. ‘the sol~
ution contains o potassium iodide so that it may
be analized colorimetrically or, by the addition of
potassium iodide arter reduction, can be determined
iodometrically. '+he phosphate, being more alkaline,
shortens the neating period and depresses the seif-
reduction of copper when exposed to room temperature
or suniight. .in addition the iuncreased alkalinity
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adapts the reagent for use with slow-actiug sugars
e.g., maltose, that takes longer to oxidize.\3w.
welson, working with oomogyi's new copper—-phosphate
solution developed a color producing reagent using
arsenomolybdic acid which was weil adapted for photo~
metric determination.\34. Jlodometric titrations

have veen proven to be more accurate than visual
coilorimetric procedures but are less accurate than
photometric coiorimetry. <+ihus the new Somogyi-ivelson
method is adapted for colorimetric (Fhoto and visual
colorimeter, or iodometric procedures as well as macro
or micro methods. 1n addition Somogyi utilizes the

use of zinc sulfate and barium hydroxide for deprotein-~
ization of blood.\22, it was noted that salts of

heavy metals remove not only protein but also non-~
glucose reducing substances.\ o6, the use of oarium
hydroxide in piace of sodiuw hydroxide Ifurther imcreases
its usefulness by adapting the reagent for voth serua
and plasma as well as whole blood.i(3w, dodium hydroxide
made the reagent uselful ior whole blood deproteiniz—
ation, vut was inadequate ior precipitationr of proteins
in plasma. Barium hydroxide aiso precipitates anti-
coagulants such as oxalate or fiouride which often

interfer with deproteinizatiocn.
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it was noted by oenedict (\4u: that zinc filtrates
of bload, which contain slight guantities of 2zinc
yielded iower sugar values than the same iiltrates
arter removali of the zinc. omogyi (36, feels this is
due to the zinc salts contained in the filtrate form=—
ing with the copper reagents a fine floccuient precip-
itate. vuprous oxide setties out o the iiocculent
precipitate in a fine state of dispersion; convection
curreats duriung the heating pericd aiove the precip-
itate to tne surface and expose cuprous oxide to the
air and theredy to reoxidation. Therefore all precip-
itaies and suspended particles iu the zinc fiitrate
must be removed before the blood sugar determination

is carried out.

Advantages \iw {RQ2,130,\39y

l. Laboratory techuigue simpie.

2. WO special ltaworatory equipment.

3. No reoxidation of cuprous oxide.

4, Stability of copper soiution, even in sunlight.
5. adapted for siow aund rapid reducing sugars.

6. adapted ior voth macro and micro determinations
using tne same reagent.

7. Adapted for coiorimetric or iodometric determinations.

o. won-giucose reducing substances removed with use of
zinc as a deproteinizer.
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Digadvantages (38,40,

l. Seven minute longer procedure than roiin-Wwu method.
2. Any residual zinc in protein free filtrate depresses
reduction vaiue of ccpper reagent.

Van Sliyke-Hawxins aethod (53,4104,

rnese co-authors introduced toneir methoq or
blood sugar determination in iwl7 using a roiin-Wu
biood fiitrate. The filtrate is subjected to an alk-
aline ferricyaiiide sciution 1or reducticn, and the ex=—
cess ferricyanide measured by the amount of nitrogen
gas given oif when reacted with hydrazine. a Van Siyke-—
neil manometric bdlood gas apparatus is needed to
measure itne amcunt of nitrcgeu produced. A biank is
run witn ail solutions except the blood riltrate to
standardize the apparatus prior to’running determin-
ations. The difierence 1in pressure readings vetween
the blank aud tne soiution containing biood sugar
revealis the amcunt ¢f ferricyanide reduced, and tnere—
fore, the amount oI blood sugar present.

A comparison or their uwethod with the Folin
modification of the soiin-¥Wu method and Somogyi's
modification of the Sharlfer-hartman method showed
their values to be higher than rolin's and lower than
somogyi's.\54, 4t was noted by the authors that in-
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accurate resuits ofteum occur when the tuugstic acid
1iitrate is too strong to be neutralized by the alx—
aline ferricyanide soiution.

advantages 53,

i. Welil adapted for speed ix multipie determinatious.
2. accuracy couparaile with otner wmethcds.

3. no standard soiutions needed as iz colorimetric
methods.

Lisadvantages 156,454,

L. Speciali labvoratory eguipmeint needed.

2. High acid rfiitraie wiii alter resudt.

3. rerric ion ies8 specifiic for giucose than copper icn.

Hagedorn-Jensen methad 55,

The weihod, 1ntroduced in Lenmark 1iii lvlo, dep—-
ends oun the quaantitative reduction of alkaline pot—
assium ferricyanide by sugar. uxcess ferricyanide is
titrated i1odometricaliy using potassium iodide, thio—
sulfate and starch. Jihe authors use zinc suifate and
sodium hydroxide in preparing tne protein iree fiitrate,
a method wnich was iaiver modiiied by oomogyi.i\a6,

Advantages \51/1584155¢

1. o special iavoratiory eqguipment needed.
2. Laporatory procedure simpie.

3. rerric ion uot reoxidizea by oxygen.




4. won=-glucose reducing suvstances removed witn use
of zinc as a deproteinizer.

visadvantages (31,1324436,

1. Heageiits not stabte.

2. srrors can creep 1in in filtration process.

5. rerric ion less specific tnan cupric 1ion.

4. not accurate in blood sugar range over cuu ugh.

Fermentation method iiuyg

The priaciple uuderiying this procedure 1imnvoives
the determination ol reducing wateriai in two sampies
of the same blood, one oif which has oeeéen subjected
to fermentation by yeast for the removal of blood sugar.
The diiference between the two determinations repre-
sents 'true' bloocd sugar by alchoiie iferuentation cf
giucose. UConfiicting resuits were nocted oy Hilier et.
at., {06, and Somogyi \iu, felt this to be due to
impurities (reduciug suuvstances; within the yeast
which he disposed of by thoroughiy washing the yeast
suspensicn prior to use. By this method oomogyi aiso
noted the ncn-glucose substances were very stauvie
averaging 27 mgk. Foiin and Svedberg showed ithe ter-
mentation ccuid ve carried out on #folin=-Wu biood
filtrates as well as on whoie blood.

The procedure nas been used a great deal 1n exper-
1mentai iaporatories put nas not become popular in
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¢iinical laboratories.

ndvantages yiluy

1. uweasures ounly fermentapble blood sugars \glucose,.
2. NO special laboratory equipment.
3. Laboratory tecnnique siwple.

Uisadvautages {1Jsi39064

l. Time cousuming \requires 2 sampies oI biood and 2
procedures,.

2. wifricuit to purify yeast..

Within recent years many rapid '‘bedside® methods
of blood sugar determination have w®meen appearing in
the literature. ‘inese undoubtediy are ithe result of
a realization that management of the diabetic patient
by foliowing tne oiood sugar picture is much iaore
accurate tnan reliying on tne giycosuria. uLikKewlse
they are useiul in 'on the spot' treatment of diavetic
coma and ior screening purposes as a diagnostic aid.
most of the methods have several things in common in
that they are rapid and simpie, smail amounts of biood
are utiiized and accuracy is sacrificed ior rapidity.
The roiiowing are & few that have appeared in the
liveraturea.

nawgins and van oiyke (57, base their method on
the rate which sugar reduces yeiiow ferricyanide to
coioriess f{errocyanide. ihe amount of sugar is meas—
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ured by the time required {(luu to 3uu sec.. for the
disappearance ol the yellow coior. Accuraecy, according
to the authors is plus or wminus bp. #BXtrewe speed and
simpiicity of operation plus no requirement of special
equipment are the advantageous features when time is
essentiai.

Leech and Woodford (58, presented a method of
blood sugar estimation by the reduction of dinitro-
salicyiic acid. The determinaticns were carried out
by usiﬁg Semogyi biood Iiitrates. resuits were ob-
tained by color matching with standards or by the
photometer. 4ihey found their resuits to be guite
accurate when the blood sugar was within 75 to 3uv wgp.
CGolor changes were not adeguate outside ot this range.

wendel and Hoagland (5w, base their procedure on
the fact that when & dilute solution of glucose is
heated in the presence oif sulfuric acid a pink coilor
develaps, the iantensity of which is proportional to
the concentration of glucose. The wethod does uot
depend on reducing properties of giucose, as in etuer
metnods, but ratner on tne deijydraiien of glucose with
the subsequent jorwation oi hydroxyamethyi ruriurai.
ihe resuits are re&d photemetricaliiy. Accuracy oi the
method compares iavorably with results by the Socuogyi
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methcd. 1t is a simple procedure and requires oniy
two reagents which are stable ior a itong time. A
determination taxes about ten minutes to coupliete.
in cases where further speed is desired coror scaies
can be used instead of tne photouweter.

Wilkerson and Heltmann (6u, devised a very useful
and extremely siaple method based on the originai
nagedorn—Jensein ierricyanide procedure. nacwever,
they have practicaliy eliminated tie iaboratory work
and technigue by standardizing the reagents in the
ferm of tablets. Lhe neating period has likewise
been controlied by the use of speciiic tiume-burning
tabiets. All the equipment necessary for the procedure
\tabiets for vy determinations, capilliary pipette,
test tube, asvestos heating stove, and glass spooliy
comes complete 1n a carton the size of an ordinary
cigar box.

The test is carried out by adding u.l wmi of blood
to a test tuse Ii1lilea to a designated mark with tap
water, uwix and place on tune asvesios stove. Two tablets
are added to tlie soiution: labviet &c. 1 coutains zinc
hydroxide to precipitate the proteiin; tabiet ihc. 2
alkaiinizes tile solution and adds potassiwi 1odide to

the mixture. 1iwo neating taoiets (timed, are piaced
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in the stove and tne soiution is allowed to voil untii
the fire burns out \2 win/e. Uuring this period oi
boiiing the proteins are precipitated and rise to the
top oi the tuwve where they are scraped ofi with the
glass spoon. 7To the protein iree Iiitrate is added
tavitet oo 3 containiiig a aelinite awount ol potassium
ferricyaiilde and the soiubion is agaii vrought to

a beil using just one heating tablet this tiwe. aiter
bociising has ceased the test tube 1s ccoied \piace under
tap wauver, and tabiet ic. 4, countaining starch and
tartaric acid, is added to the sciution. The resuit-
ing coior of the soiution is eitier dlue or coloriess
depending upon the amcunt ol giucose preseut in the
plood. A blue sciution siguities that wore terri-
cyanide was present than could ve reduced by giucose.
The excess ferricyanide reacts with potassium iodide,
in an acida sciution (tartaric acid,, lorming iree
iodine wnich turns the soiution & blue color in the
presence oI starch. A coioriess sotution is evidence
that giucose is in excess and has coupletely reduced
ferricyanide so tiiere is none leit to react with the
iodide. 1ne tabiet containing ferricyanide \ic. 4,
comes 1in two quantities, one containiiig ierricyaiuide
equivalent to l3u agpr oi glucuse and the oiner equivaient

S



to lou wgp. Thus by the coior oi the solution at

the end oi tinis very siapie procedure, we iave a
niiowledge #I ithe rainge oI the blood sugar. ‘The en—
tire process takes iess than {ive minutes and certainiy
does 1ot require an experienced lavoratory technician
to pertorm.

Although the method does not give & derinite value
for blood'sugar, it dees give three important ranges,
beiow 13u mg%, 13U to 18U mgpr and above isu mgp which
are ol great practical vaiue in presumptive diagucsis
and in diabetic management. naunZ aund heranen (24
in evaluating tne test Icuud ouiy seven discrepauncies
in 2yu tests using capiiiary oiocod as cowpared with
a true sugar test using venous blood. They compared
tne procedure with the time honored rciin-Wu method
and tound it to pe more accurate than the 4y minute
¥oiin-Wu method. wargoliin and Gentry (oi,; in comparing
the test with the roiin-Wu method found onliy one dis-
crepancy in 34 determinations on ie diabetic patients
\lapie lii;. 1Iin evaluating the resuits it must pe
kept in mind that all Wilkerson-lieitmann determinations
shouid be lower than the rolin-Wu readings. 7This is
so because the W-H method uses a heavy metal tor
deproteinization, removing non-giucose reducing sub-
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stances. 1t is therefore ci&ssiliied among the ‘'true’
biood sugar methcds. The rfoiin-Wu method, on the other
hand, incliudes non-giucose reducing substances in the
finai reading and aliows 3u mgp fror tne discrepancy.
in cuiy one case \io., G, is the W-H reaaing higher
thaa the roiin=-wu. wsither method may be at fault in
this discrepai:Cy.

Taole 1iil
A comparison ol sugar vaiues obtaiued by the roiin-Wwu

and wiixerson-ihieItmann methcds on tne same samples of
fasting venous bloods

VADL | bul Pudediv=WU ~ 'L‘“'““LERQ Wi Lk
Bg e 1oy wg.p LWV Mg,
i ed 162 idu+ Llou~
2 4u idu L3+ lou=
3 63 L7y L30+ lou=-
4 17 Luu L3U=-- io0-
5 71 i54 13U+ L=
6 Gu ild Lsut LoG=-
7 6u 126 130=- Lo~
o §2 Td NRGIVES ilou=
o 92 _RuU7 130+ i1oU=-
iy 41 145 130t Lou=
11 Di Ly FRLIeE = Lou=
i2 43 iv5 130+ FReTO s
14 Hu 123 130U~ lou~
i4 25 Te 1L3u= Lloi-
18 45 lu6 LA~ 18U~
16 a5 luu 13u= LU=

margolin (oi, found the test to be extremely
heipfui in the clinical management of diavetic patients
oy octaining a blcood sugar determination ‘on the spot!?
whiie evaiuating the patient. wost patients were
arranged to be seen and evaluated a&bout 2 to 3 hours
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aifter eating their last meal. &#n extremely valiuable
nnowiedge of tne patient's management was gained by
this procedure and alterations in insuiin dosage,

diet, etc. were given to the patient betore leaving the
ciinice.

This simpie method is of unquestionable value in
diabetic coma wnere time is at a premium. Likewise it
is a most valuable aid to the general practitioner in
areas where adequate iaboratory faciiities are un—~
availiablie.

CONCLUSIONS
4. Tuurniguets sncudd not ove used in obtaining vencuus
biood for biood sugar deteruinations except during the
testing state.
2. marked changes occur in the magnitude ot the arterio-—
venous difference in biood sugar cconcentraticn during
carbohydrate stimulation but it is stiil controversial
as to whether a negative 4=V ratie iarterial less than
vencus,; actuaiiy exists.,
a. Arteriai piood is best for renai threshcid deter—
minaticns.
b. vencus biocd is more reiiable lor a knowledge of
the avbiiity of the tissues to utiliigZe glucose.
3. wmaon-giucose reducing substances isaccharoids; like-
wise riuctuate in magnitude and cause considerablie errar
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in biood sugar determinatiens.

a. [he rolin-Wu, most popular ciinical methcd in
vogue, is not the most accurate as it includes
non—-giucose reducing substances.

4. wmethods oI deproteinization employing saits of
heavy metais \2i.ic, wercury, 1iroi etc.,, are iar sup—
erior in biccd amaiysis Ior giucose as tney rid the
Iiitrate oI uvn—giucocse reducing substances.

9. sstabsisiuwent ci a correct diagnisis has provea to
pe mcre reiiabie by true piocud sugar methcds those
using heavy metalis tor deproteinization;.

a. The Somegyi-neiscn, by a comparison of advantages
and disadvantages is unguesticnanly the best adap-
ted tor cciorimetric ¢r icdometric or I¢r macro
or micro methods. 4its accuracy as a true piood
sugar 18 unexcelied amcng methuds in vaogue.

€. Kapid wmethuds, thnough less accurate, have their
piace in presumptive diagnosis and diabetic man&geument
as weil 8s 1n diawetic cuvma where time is at a prem—
ium..

a. Ine Wiiwxerson-tHeftmann method, & 5 min. procedure
18 uvn par with the 4y min. rFoiin-Wu laboratory
method.

b. altincugh rapid methcds &are userui tney shouid
never be used exciusively for definitive diagnesis.
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vefinitive diagnosis must always be established with
a clinical method of unquestionaovle accuracy.
SUsumh KY

i. The nistory of biovd sugar determinations dates bacik
tc the apothecary Ambrosian iin Lu35, but it did not
becoume an important ciinicai procedure untili the dis-
covery o¢f insuiin in iw21.
2. A knowiedge of the bilood sugar picture is important
not oniy in the diagnosis and management oi diavetes
meiiitus but aiso in renai giycosuria, aiimentary giy-
ccsuria, conditivns causing hyper- ¢r hypoglycenia and
in meiiturias caused by sugars other than giucase.
3. sultipiicity of methceds of biood sugar determinaticn
resuiting in impnumerabie variatiocns in standards ot
'norm! has lea te many a wrong diagnosis causing the
patient undue mental and tfinancial suflering. There-
fore it is 1imper&ative that & universal method of un—
questionabie accuracy be strived for in an effort to
eliminate such occurrences..
4., Sources of errcr in bicod sugar determination have
been theroughly investigated in an eitort to eliminate
the causative factors wherever poss.ble. muCh errors
inciude laberatory tecnuique, use oI tourniguets,
arteric-venous ratios, uaou~-glucose reducing substainces,
and stabii:ty in the Iastiig stale.
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5. wmany or the modern methods of blood sugar determin=
aticn have been presented giving the general principle
involved as welli as thne advantagee and disadvantages

ot each methcd. wost methcds in vogue are based on

the reduciung properties ¢f giucose in an aikaiine soi--
ution ¢f copper ¢r iron.

0. Within the iast Iew years many 'bDedside! methods of
bicod sugar cetermination have come into practical use.
Several are presented and one methcd in particuiar, with
which the author has had some experience, is discussed
in mcre detail. 1he resuits accrued were compared with

a standard itaporatory metnod..

Acknowledgement: The author wishes to express his thanks
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