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1. 

INTRODUCTIOìv 
The extensive use of sucrose in everyday 

life and the increasing popularity of the laevulose 

tolerance test as a test of liver function 

necessitates a more comprehensive knowledge of the 

metabolism of laevulose. The earlier workers in this 

field wer6 handicapped by only having slow and 

unreliable methods for the estimation of laevulose, 

but recently rapid and reliable methods have been 

evolved. 

The hypothesis that the metabolism of laevulose 

consists essentially in its conversion to glucose, 

after which its metabolism is identical with the 

atter sugar, is unable to account for certain 

haracteristics, and these cannot be explained as 

ue to differences in the rate of absorption of the 

two sugars and the speed with which laevulose 

becomes available as glucose. For example, the 

rate of glycogen deposition after fructose ingestion- 

is greater that with glucose, the speed of 

oxidation of laevulose as judged by its specific 

dynamic action and its effect on the R.Q is out of 

line with its rate of conversion to glucose,and 

glucose is less effective than laevulose in 

preventing and relieving ketosis. These facts lead 

to the enquiry whether oxidation or glycogen 

formation may not precede glucose formation. 

Glucose ) 
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Glucose is always considered the physiological 

sugar because it is found in blood and is the final 

product in the enzymic and acid hydrolyses of 

glycogen. However, laevulose must also be classed 

as a physiological sugar because of its ready 

isolation as fructose diphosphate. 
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CHEMISTRY OF LAEVULOSE. 

d- Laevulose is found free with d- glucose in 

honey and the juice of sweet fruits. It occurs 

combined with glucose in sucrose, and is the sole 

or main constituent of the polysaccharides Inulin, 

Irisin, Levan, Gramin, Sinistrin and Tristin.Inulin 

is present in dahlia tubers, Jerusalem artichokes, 

chicory and many compositae and is composed of about 

thirty fructo -furanose units united through the 1 -2- 

carbon atoms . Irisin occurs -in the iris species 

and is a difructo furanose joined by the 2 -4 -carbon 

atoms, whilst Levan is produced by the action of B: 

mesentericus on sucrose and has a chain length of 

ten fructo- furanose units. 

d- Laevulose is Laevo- rotatory (RJ0 _ -92 °) and 

may be prepared by hydrolysing inulin. It is prepare 

industrially by the hydrolysis of cane sugar with 

dilute acid. The acid is neutralised and the 

solution treated with lime which precipitates 

insoluble calcium fructosate. This is filtered off, 

suspended in water and decomposed with carbon dioxide. 

Fructose crystallises from water as the compound 

2C6H1206 H20. Anhydrous fructose (ra. o. =95 °C) can be 

crystallised from hot absolute alcohol in which all 

other sugars are insoluble. 

1- Laevulose is produced by the fermentation of 

racemic) 
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racemic Laevulose. It is the optical enantiomorph 

of the laevorotatory d- fructose and is therefore 

dextrorotatory. dl- Fructose orolL- Acrose, is the 

resolvable inactive form produced synthetically by 

the condensation in alkaline solution of glyceric 

aldehyde and dihydroxy- acetone. 

CH2OH 

CHOH + 

CHO 

Glyceric 
Aldehyde. 

CH2OH 

CO = 

CH2OH 

Dihydroxy 
Acetone 

CH2OH 

II 

0 
'HOH)s 2UH 

-Acrose 
or dl-Laevulose 

Laevulose has the empirical formula C6H1206 and has 

been shown to have the following open chain and ring 

formula. 

iH2OH 

ço 
HO-C -H 

H- C -OH 

H-C -OH 

CH2OH 

¡H2OH 

OH/ \ 
H 

OH 
H i 

H 

OH 
OH 

d- Laevulose ß-fructo- pyranose. 

,OH 

CH20H/" H O_ \CH2OH 

H 

o(- fructo furanose. 

together) 
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together with fructo- pyranose and fructo - 

furanose. L&evulose exhibits rnutarotation and is 

fermented by feast when it gives the same products 

as ;glucose, i.e. alcohol and Carbon dioxide. 
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LSTI a ATIÚïd OF LAEVULOSE. 

Whilst it is relatively simple to estimate 

laevulose in pure solutions, it -is very difficult 

to do so in the presence of other carbohydrates, 

especially glucose. Many methods have been 

suggested and used for this purpose, but not one is 

entirely specific. The methods can be grouped into 

three classes depending on one of the following thre(b 

properties of laevulose:- its optical activity, its 

reducing power and its ease-of conversion to oxy- 

methyl furfural by hydrochloric acid. 

Since laevulose is laevorotatory (00= =92 °) 

it can be estimated in the polarimeter. This metho 

can only be used when laevulose is present in quite 

large amounts. 

Laevulose contains a keto -group on which its 

reducing properties depend, and this is the basis of 

several ne thods. Nyn's selective method depends on 

the reduction of a special copper solution. It can 

also be estimated by the method of Hagedorn.d 

Jensen in which potassium ferricyanide is reduced 

to ferrocyanide. Any glucose present is determined 

along with the laevulose by this latter method, but 

the glucose can be specifically determined by the 

hypo- iodite method of Willstater and the laevulose 

content) 
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content determined by difference. 

The -colorimetric methods depend on the formation 

of oxymethyl furfural when laevulose is heated with 

hydrochloric acid, and the coupling of this 

intermediary with a suitable substance to form a. 

coloured compound. This reaction was first discovered 

by Seliwanoff who warmed together laevulose solution, 

concentrated hydrochloric acid and resorcinol 

producing a red solution. This reaction has been 

modified by Roe (1934) so that the colour produced 

is quantitative. Scott (1935) uses bile salts as his 

reagent whilst Jordan and rryde (1938) use sicatole. 

In the work described in this thesis laevulose 

was estimated by the method based on the reaction 

first described by Thl and Pecicnann (1885) who warmed 

laevulose with concentrated hydrochloric acid and 

an alcoholic solution or diphenylamine producing a 

blue oiour. This reaction has been modified by 

Von Bolles (1910) Van Creveld (1927) Radt (1928) 

Patterson (1935) Stewart et al (1937) and by Herbert 

(1938). This method was chosen because it is the 

most specific and reliable method, ana whilst glucose 

interferes slightly a correction curve can be 

constructed which satisfactorily overcomes this 

objection. 

In) 
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In the earlier experiments the method of 

Stewart et al (1937) was used, but whilst this method 

was reliable and accurate it was very laborious and 

required relatively large amounts of material (e.g. 

2 ml blood). This method was later replaced by a 

modification of the method of Herbert (1938) by 

which these objections were overcome, and,which was 

as follows. 

To 2 ml 2.25% zinc sulphate solution in a 

6 by3 /8 pyrex tube add 0.2 ml blood and 2 ml N /10 

caustic soda solution. Mix well and warm inaboiling 

water -bath for 3 minutes, cool, and filter through a 

5 cm. No 1 filterpaper with suction so as to obtain 

more than 2 ml of filtrate. To 2 ml of filtrate, in 

a 6 by 5/8 pyrex graduated tube at 10 ml, add 6 ml 

reagent which consists of a mixture of 50 parts 
concentrated HCl $ 70 parts alcohol46 parts 20% 

alcoholic solution of diphenylamine. Mix and heat 

for exactly 15 minutes in a vigorously boiling water. 

bath. Cool, make up to the 10 ml mark with alcohol 

and compare in the Pulfrich photometer using 

filter S53 and stratum thickness 20 mm. The laevuloe 

content is calculated from a previously constructed 

curve using solutions of pure laevulose. The 

alcohol) 
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alcohol plus hydrochloric acid reaction mixture will 

keep indefinitely but .lust only be mixed with the 

diphenylamine solution immediately before use. This 

method is quick and accurate as shown by table 1, 

enabling laevulose estimations to be carried out as 

rapidly and as accurately as blood total sugar can 

be estimated by Hagedorn and Jensen's method. 

A correction curve for glucose is constructed using a 

solution of pure glucose. 

TABLE 1. 

Recovery of Laevulose added to blood. 

Specimen. 1 2 3 4 5 6 

Blood alone 1.5 2.0 1.5 1.5 1.0 1.0 

Blood + 10mgms 
Laevulose /100m1. 

Total L ound 12 ]2 11 11 11 11 

Recovered' 10.5 10 9.5 9.5 10 10 

Average Recovery 9.9 mgms% 

Blood + 20m- ms 
Laevulose /100m1. 

Total found 22 22 21 20.5 22 22.5 

Recovered 20.5 20 19.5 19 21 21.5 

Average Recovery 20.2 mgms% 

Blood + 30 Hems 
Laevulose /100 ml. 

Total found 32 32.5 31.5 31.5 31.5 30 

Recovered 30.5 30.5 30 30 30.5 29 

Average Recovery 30.1 mgms% 

Blood + 40 r.lgns ) 

Laevulose/100 ml. 
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1 2 3 4 5 6 

Blood +40 mgms 
Laevulose /100 ml. 

Total found 43 

Recovered 41.5 

Average Recovery 40.2 mgms% 

The J oliov.:ing inochi ication of the above method 

makes it possible to estimate Laevulose in 0.1 ml of 

blood. Although this method is not as accurate as 

the above method, the error appears to be fairly 

constant about 10% low and due allowance can oe lade. 

It is of particular use where only very small 

amounts ofblood are available. The error appears 

to be due to the difficulty of removing interferrirr 

substances by alcohol which is the precipita ln_; 

reagent used, the protein -free filtrate always having 

a yellow tinge. The method is as lollows :- 

METHOD 2. To 2 ml alcohol in a 15 ml.centrifuge tube 

add 0.1 ml blood, allow to stand for a few minutes, 

centrifuge and pour the supernatant liquor into a 

6 by 5/8 pyrex tube graduated at 10 ml. Wash the 

residue twice with 1 ml alcohol, combining the 

washings. Add 6 ml of the acid -alcohol- diphenylamine 

reaction mixture and complete the estimation as in 

the previous method. 

TABLE 2) 

42.5 42 40 40.5 41' 

40.5 40.5 38.5 39.5 40 
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TAMP, 2. 

Recovery of Laevulose added to blood.IIethod 2. 

Specimen 1 2 3 4 5 

Blood onIr 3 6 5 4 4 

Blood + 10 mgms 
Laevulose/100 mi. 

Total found 13 15 14 12.5 14 

Recovered 10 9 9 8.5 10 

Average Recovered 9.3mgms% 

Blood + 20 mgms 
Laevulose /100 ml. 

Total found 

Recovered 

21.5 23 23 23 

18.5 17 18 19 

Average Recovered 18.3 mgrns % 

Blood + 30 rnms 
Laevulose /1O0 ml. 

Total found 31.5 32.5 33 31.5 28 

Recovered 28.5 26.5 28 27.5 24 

Average Recovered 25.8 mgms% 

Blood + 40 mgms 
Laevulose /100m1. 

Total found 41 43.5 39.5 38.5 

Recovered 35 38.5 35.5 34.5 

Averae Recovered 35.9 m nisro 

The mechanism of the reaction was investigated, 

and it was found that the depth of colour produced 

was) 
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was influenced by several factors. The depth of 

colour calld be increased by (a) prolonging the time 

the reaction mixture WEs in the boiling water bath 

(Fig.t) (b) using more concentrated solu cons of 

hydrochloric acid. However, by altering any of the 

fixed conditions of the estimation the interference 

due to glucose became quite appreciable and so the 

conditions must be. strictly adhered to. It will be 

seen from fig,, that at 15 minutes the production of 

colour is rapidly increasing, so that the time factor 

is the most important one. 

It was found possible to separate the reaction 

into two steps:- (a) the production of oxymethyl 

furf'ural by .ruling la_evulose with hydrochloric acid, 

and (b) the coupling of oxymethyl furfural with 

diphenylemine. Hydrochloric acid is specific for 

reaction (a) sulphuric, acetic, phosphoric and 

trichloracetic acids all being inactive, whilst any 

acid will bring about step (b). This is demonstrated 

by the iollowing experiments. 

(1) Laevulose solution + HC1 were warmed in a boiling 

water -bath for 15 minutes. If 0.1 ml of alcoholic 

diphenylamine solution was added and warmed again 

E. strong blue colour developed in a few minutes, 

whereas no colour developed when the experiment was 

repeated using any of the other acids. 

(2) Laevulose) 
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(2) Laevulose solution + HC1 were warmed in a boiling 

water bath for 15 minutes, cooled and neutralised with 

NaOH solution. 0.1 ml of alcoholic diphenylamine 

solution were now added and the mixture heated again 

rur 15 minutes. No blue colour was produced. 

Addition of any acid, followed by warming, resulted in 

the rapid formation of a blue colour. 

If excess caustic soda is added to the blue coloui4 

it turns yellow, the blue colour being regenerated 

by the addition of acid, suggesting the blue colour 

xists in an ionised form, such as the hydrochloride. 

Since oxymethyl furfural is non reducing and 

. lucore 'is unaffected by warming in the boiling water 

ath with 4 N Hydrochloric acid solution (Table -3 ) 

total sugar estimation before and after such 

treatment could be used as a method of estimating 

aevulose. This possible method was investigated but 

it was found that some 15% of the reducing power of th 

laevulose remained after the hydrolysis. (Table 4 ). 

TABLE 3 

The ei . ect of warming lucose with 4 N H('1 

lime in hot water bath. 

0 _ 

Total Sugar. 

97 m8lis ;ó 

1/2 hour 97 11 11 

1 hour 99 11 11 

2 hours 94 n n 

3 hours 94 " 
11 

TABLE 
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TAi3LEA. 

The eiiect of warmin laevulose with 4 if 

*initial value oi laevulose = 140 m7ms%, 

Water bath. Refluxed. 

Time Heated. 15 mins 20 mins 1 min 

1N Hul 87mgms5v 67 mms% 74 mials% 

2 N HU1 62 " 05 tI 

3 N HC1 35 " 17 21 " 

4 N HC1 21 " 21 22 " 

5 N 22 " 17 21 " 

This method also has the objectionsthat in the 

amounts in blood, the laevulose value would be a 

small diiiurence oeulAeen two comparatively large 

values. 

Laevulose exhibits the phenomenon of mutarotation, 

which is due to the formation in solution of an 

equilibrium mixture of the ( and p isomers from 

the solidswhich is predominately the ok isomer. 

The chane can be followed in the polarimeter because 

the isomer is less laevorotatory that the Aisomer. 

It was noticed whilst estimatinp. the Laevulose content 

of freshly prepared solutions by the diphenylamine 

method the "apparent" Laevulose content of he 

solution altered, and corresponded to the cha4-,:e in 

optical) 
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optical rotation as followed in the polarimeter. 

(Fig. 3)As a consequence of this, all Laevulose 

solutions were allowed to stand overnight before use. 

A possible explanation of the above results 

is that certain of the isomers, thepisomers, the 

proximity of the methoxy group of Carbon atom 5 to 

the hydroxy group of Carbon atom 4,allows HC1 to form 

oxymethyl furfural, which is not possible in the 0< 

isomers in which the ethoxy and hydroxyl groups are 

on opposite sides of the plane of the ring. Since 

thepform is produced by intrsmolecular change then 

an increase in apparent fructose results. 

4H' It H I C` 
(K; /H, . H /Ii iI:H 

HOCIi2 C_TG`3 HOCI C'? 
0 0 

OH 

p-t'ructo furanose oc-fructo furanose. 

warm with. ¡IC1 

H---''H CH 
i " 

HOCH2 -CHO Phl,ïCH2C J--CHO 0 1 0 
oxy methyl furfural Blue Compound. 

It was found possible to estimate Inulin and 

Sucrose by method L without any modifications whatsoever. 

The) 
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The heating with the hydrochloric acid for 15 minutes 

in the boiling water- -bEth is sufficient to hydrolyse 

the Inulin or sucrose and produce the blue colour. 

Table 5 shows the recovery of sucrose added to blood. 

T ble 5. 

Sucrose added. Sucrose Recovered. 

20 m g as% 19.5 mgms% 
19.5 mgms% 

40 mgms% 

60 rng.ns io 

80 m;i11s%p 

41 mgms % 
/0. 5 iligls % 

61 mgms% 
59.5 ït1glTis jó 

81 Ill. ms w 
30 17lms ó 

Similar figures are obtained for inulin: 

It would appear from the last to e. pe .Lme-^t5 ."r. 

this method can be used for the estimation of 

Laevulose and for compounds containing the 

Laevulose group. Since Laevulose is now used to 

measure Liver function, inulin to measure kidney 

function, and sucrose to measure the body fluid 

content, this method is of great value to the 

clinical chemist. 
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THE ABSORPTION OF LAEVULOSE. 

That no absorption of Laevulose takes place in 

the mouth, oesophagus or stomach, the greeter part 

taking place in the duodenum and jejunum rather than 

in the ileum, has been shown repeatedly by Nagano 4190 

Rohmann and Nagano (1903) , Omi (1904) , Fey (1909) 

and King et al (1922). Absorption of Laevulose in ti 

small intestine is very complete. Carbohydrates such a 

inulin, for which there are no splitting enzymes in th 

various digestive secretions, may be broken down to 

Laevulose by bacterial action and so be absorbed. 

Doubt still exists as to how Laevulose is absorbe 

from the small intestine, but it has been shown that 

Laevulose is not absorbed as rapidly as Glucose and 

Galactose, but yet more quickly than mannose, xylose 

and arabinose. Table b shares the relative rates of 

absorption of the various sugars, (Cori (1925) , Verz r 
) 

(1935) ?which have been confirmed by several workers. 

iagano(1902), Wilbrandt and Laszt (1933), 

ertheimer (1933), Hedon (1900) 

TABLE ) 
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TABLE b 

Verza.rr (1935) Cori(1925.) 

d- galactose 110 115 

d- :Ylucose 100 100 

d -fructose 43 44 

d- mannose 19 33 

1- xylose 15 30 

1- arabinose 9 30 

sorbose 29 

Ihamnose 30 

Glucose at 100 is taken as standard by both 

workers. 

However,contradictory evidence on the relative 

rates of absorption of these sugars has been shown by 

Hewitt (1924), Emslie and Henry (1932), Cajori and 

Karr (1935) and Burget, Moore and Lloyd (1932) and 

'although these workers have been severely criticised 

uy the opposing school, even they agree that Laevulose 

has a tendency to be absorbed at a slightly slower 

rate than glucose, although not at such a relatively 

slow rate as shown by Cori and Verzar. Burget et al 

found laevulose was absorbed only 9% less rapidly 

than glucose in rats, 5% less in rabbits, and. from 

4 to 11% slower in dogs. 

Verzar) 
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e' 
Verzar (1935) shoved the rate of absorption of ,glucose 

and galactose is uninfluenced by their concentration 

in the intestine, that o:i pentoses increasinz Lith 

concentration, Laevulose being intermediate beta, een 

i 
the two types. Ver Zr explains this by assuming the 

pentoses to be absorbed by a process of simple 

difi_usion, whilst with galactose and glucose some 

other active process takes place, vhich may be 

phosphorylation or glycogenisis. Laevulose being 

intermediate is assumed by Verzzr to be partially 

converted into glucose, which is absorbed by both 

processes, the remaining laevulose by simple diffusion 

alone. The evidence for the conversion of laevulose 

into glucose in the intestine is not conclusive, and 

it will be shown later that no such conversion could 

demonstrated in experiments in which rat intestine was 

used. Evidence for the phosphorylation of glucose 

during absorption; is the increase in the rate of 

absorption by the addition of phosphate buffer pH.71 

híaggie and Reid (1931),Laszt (13501 but Laszt also 

showed that the phosphate ion was not specific since 

borate or acetate buffers at pI-17. also brou 'ht about 

increased absorption of glucose. In a_diitioniVerzau 

(1935) assumes, that because iodo-acetate slows down 

the) 
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the rates of absorption of 4L 7__.ctose, 1 cose and 

Laevulose to the same rate Ls the pentoses, on .. _ich 

it has no effect, absorption of' all SU ETS not': takes 

place by simple diffusion only, and phosphorylation 

which he suggests is the cause of the rapid absor,Dtio, 

of these sugars is inhibited. Glucose and Galactose 

are the sugars which undergo phosphorylation "in vitro" 

and "in vivo" whilst the pentoses are not phosphorylated 

in either condition. However evidence has accumulated 

which casts serious doubt on the validity of Verz r 's 
interpretation. 

According to the theory of Meyerhof (1935) iodo- acetic 

acid only influences phosphorylation indirectly, not 

by inhibitiiic phosphorylation but by preventing 

oxyo- reductions leading from hexosephosphoric acid 

via triosephosphoric acid to phosphoglyceric acid, so 

that hexosephosplioric acid accumulates after poisoni 

That phosphates play a doubtful part in the 

absorption of sugars was de ilonstrated by Mathieu (1930) 

who showed that the Harden -You Robison and Xeuberb 

esters a:ie all absorbed more slowly than glucose 

clone. x.. ".oreover, Cajon and Karr (1935) were unable 

to demonstrate any elect of phosphates in the dut 

on the r te of absorption of the hexoses. 

>li fho er (1j3z) has shown that inj ection of 

iodo- acetic acid into the ;,gut decreases the rate of 

absorption) 



absorption of substances other tl)<:.,n glucose, e.r;. 

xylose and sodium chloride. -Se Found the decrease 

in the rote of absorption v.as associated v:ith severe 

gastro-intestinal lesions (too-tlier with pyloric 

spasm, haemorrhe7ic enteritis, adrelial cortical and 

medullary h&emorrbages, haemog lobinuria , end 

pharyngeal oedema), which were probably the cause of 

the decrease, rather than by a specific action of 

the acid on intestinal phosphorylation. 

Lambrechts (1937) reached the conclusion that phiorhidzin 

excércises its effects not through a speci is 

inhibition ai )hosphorylstion, but through a toxic 

action on the cells, whilst Deuel et el (1927) 

showed that the absorption of glucose by 

rats, which Verzá stated to be 

inhibited through interference with phosphorylation, 

is normal if the animals are maintained in good 

condition by êodium chloride administration. 

Different rates in the absorption of the hexoses 

íroiii the site of subcutaneous injection was shown by 

Himwich et al (1932) , LEevulose being again absorbed 

slower than glucose or galactose, but Cori and 

@oltz (1925-26) found that all monosaccharides were 

absorbed at the same rate from the peritoneal cavity. 

Differences) 
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Dif'f'erences in the epithelial lining of the 

membranes of the intestine and peritoneal cavity may 

be a possible explanation of the latter results. 

Kozuka (1926) has no Laevulose is absorbed also 

by way of the lymphatics. 

To summarise,it would appear that Laevulose 

is not absorbed as quickly as Glucose or Galactose 

but more quickly than pentoses, but it is doubtful 

if the conversion of leevulose to glucose with 

subsequent phosphor yl.tion in the intestine is the 

correct explanation of the selective absorption rates 

In all probability, hitherto unreco nised factors 

are responsible ior the divergent results obtained 

by various workers. 
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T1] DTRECT UTTJ LIZA`r .) .ì OL' Túzr ;vTITT,ns :% 

That laevulose is absorbed as such into the 

blood stream is shown by its presence in thebloud 

and possibly in the urine following its ingestion. 

The question of the utiliza.tiun of the absorbed 

laevulose, which circulates in the blood for over 

two hours after the ingestion of large amounts of 

laevulose (50 gms) is still rather uncertain. .If ,the 

metabolism of laevulose i ollov s a primary course 

which results in its quantitative conversion to 

glucose, alter which it is metabolised in a manner 

identical with the last sugar, then the only diiference 

which should be observed between the metabolism of 

these two su ,ars should be traceable to their different 

rates of absor.2tïon, and the speed at which laevulose 

becomes available as glucose. However a number of 

facts question the validity of this hypothesis, e.g. 

the increased rate of glycogen formation, the raising 

of the R.Q. and the superior ketolytic action,all 

suggesting that laevulose has a metabolism of its own. 

Cori and Cori (1928) studying the mode of the disposal 

of various sugars in rats, concluded that of the total 

quantity of laevulose absorbed from the ali mentary 

tract) 
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tract in four hours, 36% was oxidised directly, 38% 

converted to liver glycogen, and 12 into tissue 

glycogen. 

The effect of laevulose on the blood Sugar level., 

In 1920 Maclean and de ;Vesselov:' compared the 

effect of the ingestion of various sugars upon the 

blood suar.level and found that in contrast to other 

sugars, laevulose produced little, if any, increase 

in the blood sugar. It was later shown by Spence and 

Brett (1921) that hyperglycemia did occur in cases of 

liver ineffibiency of various types. These findings 

which are the basis of the laevulose tolerance test of 

liver function, have been confirmed repeatedly 

(Folin and Berlund(1922),Iodansky (1923),Corley (1929), 

Harding et al (1933), sting (1927), Kinball (1932), 

Stewart et al (1938) and many others) . In the normal 

person the ingestion oí 50 gins of Laevulose is 

followed by a rise in total sugar, i.e. laevulose + 

glucose, which reaches a maximum of about 5 -10 ingms 

per 100 ccs blood in an hour's time. At the same 

time the laevulose concentration reaches a maximum 

oí 8 -13 m ms per 100 ccs. (ii'ig k. ) . By subtracting 

the) 
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the laevulose concentration from the total sugar 

concentration, the glucose concentration is 

determined. it is found that in most nonnals 

there is a fall in glucose concentration of the blood 

following the ingestion of Laevulose. This fall 

has been explained by Davidson et al (1936) as due 

to a stimulation of the pancreas by laevulose to 

secrete insulin. Fletcher and Waters (1933) however 

showed, that laevulose when injected intravenously 

does not decrease the blood glucose concentration of 

fasting dógs, but does lower the glucose tolerance 

curve of depancreatiséd dogs receiving a steady 

supply of insulin. From these results they 

concluded that the glucose concentration lowering 

property of laevulose is not due to a stimulation 

or the pancreas to give an increased secretion of 

insulin,. and suggest it is due to a catalytic 

influence on the glycogenisis mechanism of the liver, 

which had also been sugzested by Joliffe (1930 -31). 

In the case of patients suffering from liver 

insufficiency such as cirrhosis, there is a much 

greater and prolonged rise in the total sugar=elaevulo6e 

concentrations with or without an increase in 

glucose) 
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glucose, (Fig S ) a maximum laevulose 

concentration above 15 mgms per 100 ccs. being 

considered as indicating liver impairment. 

The failure of laevulose to cause a greater rise 

in blood sugar level has been explained by Folin and 

Berglund (1922) as due to its rapid absorption from 

the blood by tissues whilst glucose is only slowly 

absorbed bacause the tissues are saturated with it. 

Wierzuchowski and i iszel (1935) gave the following 

rates of absorption of Laevulose and Glucose from the 

blood by various tissues' in vivo' in mgms/ gms /hour. 

Liver 

Organs of portal 

Laevulose Glucose 

21 

system 3.5 1.0 

Motor system 0.4 0.02 

Muscle 0.8 - 
Organs of the head 0.39 1.3 

Other organs 2.0 0.32 

However this theory is untenable, as galactose causes 

a much greater rise, inspite of the tissues normally 

containing no galactose, Cori (1925) believes the 

lower glycemia of laevulose is due to its slower 

absorption,whilst Rienhold and Karr (1927) suggest 

it is due to its more rapid removal from the blood 

to) 
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co form glycogen and its readier oxidation. Jollife 

(1930 -31) supports the theories of Cori and of 

Reinhold and postulates the stimulation of 

glycogenesis when the blood sugar reaches a level of 

95 -110 m, ms %. Laevulose being slowly absorbed enables 

the glycogenesis mechanism to keep the blood' sugar 

level low, whilst the rapidly absorbed sugars- glucose 

and galactose1are absorbed more quickly than the 

stimulated glycogenesis mechanism can cope with, so 

causing a greater rise in blood sugar. 

Glycogen Formation. 

It is possible that Laevulose is removed from 

the blood by the formation of glycogen before being 

oxidised and it is interesting to note, that the ease 

with which Laevulose is metabolised as compared with 

glucose, is roughly in the same order as their 

glycogenic ability. It has been shown repeatedly 

that laevulose is a better glycogen former than 

glucose, Ishimori (1913) Cori (1925 -6a and b.1926). 

e.g. following fructose the maximum livef glycogen 

which occurred after 5 hours averaged 4.23% whilst 

with glucose the maximum averaged 3.36% after 4 hours 

It) 
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It has been shown already that laevulose is 

absorued more slowly than glucose from the intestine 

and if this is taxers into account laevulose is two 

and a half times a more efficient glycogen former 

than glucose. Bertram (1929) showed that even in the 

absence of insulin laevulosecaused a better formation 

of glycogen than glucose. 

One possible explanation of this high glycogenetiic 

property of laevulose is that the glycogen. which is 

produced differs from the glycogen formed from glucosJ 

in that it is composed of laevulose units i.e. a 

"fructogen ". This hypothetical " fructogen" would 

correspond to the "Gala ctogen ", a glycogen composed 

of galactose units which May (1931) found. in the 

body and eggs of Helix pomatia and which Bierry et al 

( 1932 ) separated from the liver of a dog. 

In order to investigate the formation of this 

hypothetical "fructogen" the following experiments 

were carried out. 

Two groups of six rats each were starved for 

24 hours in order to deplete their glycogen content 

and then put on to one of two diets, which consisted 

of) 
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of a little over 50% cErbohy3rEte, -:hich in iiet D 

was glucose and in diet L laevulose. 

Diet D. Diet L. 

Glucose 50 parts. Laevulose 50 parts. 

Lard 20 " Lard 20 

idik Protein 20 Milk Protein 20 

Salt mixture b U Salt mixture 5 

Cod Liver Oil 1 

Marmi te 

It Cod Liver Oil 1 

MLrmite 

It 

The rats were killed in pairs from each group, 

by decapitation, Lfter beins,: on the diet for 11,17 

and 22 dL-s. The blood was cau-:ht in a small dish 

containing about 4 signs powdered sodium oxalate 

and leevulose and total sugar estimated by the 

diphenylamine and Hagedorn and Jensen methods 

respectively. The brains were dissected out, total 

sugar was estimated on the half of one brain and 

leevulose on the re3.1ainin one and a half brains. 

The liver and muscle v.rere dissected out and dropped 

into tared flasks containin:7 about 20 ml 20% 

caustic sod. Glycogen, total sugar and laevulose 

were estimated in each case by the method of 

Kermack'et al. 

Table ) 
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31. . 

ground in a iirgtar and the mixture hea:ted in tie 

polling water oath ior 15 minutes. '_`hi; 

is sufficient for the complete hydrolysis ol inulin. 

The mixtures .=-ere neutralised ::ith caustic sods 

made up to 1G0 ml and laaevulose est i: u tion carried 

out. In no tissue was there an è_pÿ rcci«ble amount c 

laevulose. 

These experiments indicate the 
A 

Ï co ;en produced 

from laevulose is identical yith that a oduced from 

glucose1nt ich is confirmed by Okemura (1938) who 

found no increase in laevulose during autolysis of 

rabbit liver, and also that the laevulose is rapidly 

and coiApietely utilized and /or. converted to glucose. 

The effect of laevulose on the respiratory c1uotzent. 

In 1913 Togel, Brezina and `_urig shaved that 

there was a more prompt rise in R. Q after taking 

laevulose than after glucose, and this has been 

confirmed by ï rig.giizs (1916) Deuel (1927) , Cathcart 

and Markowitz (1927), Backmann a:nc! Haldi (1935) 

aman: others. Deuel (1927) si1a.: ed that loilowing 

the ingestion of 75 -°;a: la.e;-ulose the .tZ. rose to a 

maximum leveltv,Thich was above 1.0 10-20 minute 

whilst) 
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whilst no e J ect on the R.Q was noted for 45 minutes 

after the ingestion of 75 gms of glucose and a 

maximum was not reached until after 2 hours,which 

even then did not reach unity. Higgins (1916) and 

'Cathcart and Markowitz (1927) attribute the high 

R. Q. after laevulose to a more rapid rate of fat 

formation rather than to a preferential utilization. 

The increase in R. Q. with laevulose I showed in 

'yin vitro" experiments with liver slices. The R. Q. 

was determined by the method. of Dickens and Situer 

(1931) . The liver slices were from the livers of- 

freshly killed normal rats, and were suspended in 

the physiological salt solution of Krebs and HenSleit 

(193) which in one case contained laevulose and in 

the other case ,71ucose. 

"Laevulose" salt solution. "G lucose " salt solu'tion. 

R. Q. R.Q. 

0.90 0.80 

0.84 0.84 

0.96 0.72 

0.90 0.80 

0.93 0.78 

0.91 0.74 

A possible explanation of this very rapid 

increase in R. Q. follmAng the ingestion of laevulose, 

which) 



which makes it rather difficult to believe i3 due 

solely to a true metabolic process; is the 

production of lactic acid; sufficient to alter the 

acid-base balance and so result in the Olowing off 

of CO2, so increasing the R.Q. rose, Girogossintz 

and Kirstein (1930)found a 50-100'2:, increase in blood 

lactic acid folloing the administration of 25 7MS 

of laevulose to .a dog under anytal anesthesia and 

no chane after !7lucose. This is coniirmed by . 

Wierzuchowski and Lanie7;:ski (1931) Orskov (1932) 

These results are reversed in 'in vitro' expertilents.by 

Abraham (LD26) ,::ho found glucose produces more lactid 

acid than laevulos, Ohhenheimer (1928) could not 

detect any change in blood lactic acid in normal 

persons aid patients suffering from hepatic insufficiency 

following the inestion of laevulose or ::!;1ucose; whic'ta 

I confirmed in the following two experiments. 

1.-T-ri,'estiosLaeul°e 

Total suz.,. 

iaevulose 

Blood lactic 
acid. 

Fasting. 1 hour after laevulo16 

106 mgms/10O mi, 

It It o 

2:3 " 
II 

105 mgms/100 ml. 

5 II It 

23 If 11 

2.Inestion 01 _ s laevulose) 
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2. Ingestion of 100 mgms laevulose. 

1 hour alter 

Total suar 104 mods/100 ml 

Leevulose 0 u u 

Blood lactic aciC 19 
u u 

125 mjus/L 

7.5 " 

22 ti ii 

11 

L. 

1:uch lEr,:er excretions of lactic acid in the 

urine in humans iollming the injection of laevulose 

than with glucose have been reported by Loraczewski 

and Lindner (1921) and by Wierzerchowski and 

Laniewski (1931) cl.g. For a period of S hours 

following sugar injection. 

"Glucose"- 101 gins lactic acid in urine. 

"Laevulos;546 " ii ti if 

These results are open to the critism that the 

injection of su:Jars in large amounts is 

unphysiological, and if the 002 is blown off by the 

production of lactic acid in the early stEges folloin 

the ingestion of laevulose causing a rise in 

then a recovery oeriod should be noticeable later 

when the acid-bLse equilibrium is restored to normal 

during which a low should be obtained. 

Carpenter and Lee (1933) and Douglas and Priestltr 

(1924) determined the of alveolar air and 

expired) 
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expired air and concluded the increase in R. Q. 

could not be accounted for by the formation of 

organic acids and must indicate a separate oxidation 

of laevulose. This is supported by Deuel (1927) who 

found that laevulose gave consistently higher R. ¿. s 

than the basal level even after four hours. 

It would appear then that the sudden increase in 

R.. following the ingestion of laevulose is due to 

one or more of the following factors. (a) its rapid 

conversion into fat, (b) the formation of lactic acid 

and (c) its direct oxidation. 

Specific Dynamic action. 

The experiments of Tog el f Drezina and Duriz 

(1913) showed that there was a greater increase in 

eat production following the administration of 

aev-ulose than with glucose. They found the 

ncrea_se with laevulose was 6.25% of the calorific 

alue of the foodstuff, whilst with an equal amount 

f glucose only 4.25 %. Lusk (1915) found an increase 

f 37% of the basal metabolism folloz.in the 

ngestion of 50 gms of laevulose, whilst 50 gms 

lucosé only caused an increase of 30 %. These 

esults) 
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esults have been confirmed by Burger (1912) and, 

Schirlitz (1927) , but the fo lloing workers e It .o w 

rinding laevulose causes _rester increase than 

çlucose found the differences between the increases 

such smaller. Benedict and Carpenter ( 1918), 

euel (1927), Carpenter and Fox (1930a and b). 

;.he effect of a simultaneous ingestion of laevulose 

gid glucose on tt_e increase in mete:bolism V Ls s cr::46y 

arpenter and Lee (1922) to be sa.d_ditive. 

Lusk (1928) considers that the cus.e oí the 

rester specific dynamic 'r:.ction of 1eevulose than 

lucose, is the increase in the nulber of metabolites 

a the blood and tissues, due to the presence of 

rieses, which he considers to be intermediate in the 

onversion of laevulose into glucose, and recently 

vidence has appeared which supports this view. 

letchers and ?';'a:ters (1937) 'oued that glucose 

olerance was markedly improved by the administration 

f small amounts of l__.evulose and Carpenter and Lee 

(1937) round that laevulose and glucose increased the 

agie of oxidation of alcohol, laevulose having the 

reatest effect. 

Deuel (1927) 
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Deuel (1927) noted no correlation between -peci-ic 

dynamic ._ction and =1.'-,;.coniir.lad by 'ionstein end 

Holm (1922) "Holm (12) and Schirlitz (1927) vho Llso 

round none between blood sugar level, specific 

dyn.anic action and R.%..-Aerzuchav,ski (1931) points ouL 

that laevulose which causes the ,rreatest increase in 

etCooliam7iveb the lowest increase in blood S11,-Zar 

level, suzestin7 an inverse ratio, Whilst in (1935) 

he points out that the specilic dynamic action is 

independent of fructoly4s and fat formation because 

the latter two are dependent on the rate of 

assimilation, of vhich the former is independent. 

It would appear then that some laevulose is 

oxidised -directly, but there is no doubt whet most 

of it is converted into :71ucose which is then 

oxidised as such, 
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COO/El-IS-101J OF -11,..EVIILO3 E TO GITTC,'0 

It has often been su7.7ested that laevulose is 

converted. into glucose in the oc.17 there is 

good deal o1: indirect evidcnce to support it. 

That the conversion can take place vas first demon- 

strated by Reilly, iTolan and Lusk (1898) and by Lusk. 

(1898) on. phlorizinized dogs, and Confirmed by Deuel 

and Chambers (1925) and by myself in the rat feeding 

exp crime-his in which only traces of lee vulo se could 

De detected in the blood and tissues oi rats fed on 

a diet containing over 50% laevulose as the sole 

carbohydrate (page 30) 

That this conversion is slay,' \,:as shown by the 

work of 1l1ann and 1,1a.gath (1922) ::ho showed the laevulo- e 

was only effective in hepatectomised dos if given 

some time before hypoglycemic convulsions developed. 

Bollman and .man ( 1931) also shy ed heIlatectomased 

dogs could be kept alive for many hours without 
glucose if laevulose was riven in sufficiently large 

amounts, but it had to be given before a by blood 

sugar occurred, it has been shown by noble and 

Lia.cleod (1924) with rabbits, by i-Terrinp;, Irvine and 

Macleod (1924) with mice and by eorley (1929) i at 

laevulose) 
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laevulose is not nearly 30 effective an antidote - "or 

preventing shock folio, in the i _ action or' _ nsulin 

as glucose, unless ziven very soon after the 1í1:.uliI7. 

Immediate protection 7:ou1 have DeC.. _:_J.:orde',; in all 

cases if fructose, cc sud i, could eii ectivel;r rei- lace 

glucose without being first converted to r °lucose or 

glycogen. 

Site of trans 'or'.LI .lion of laevulose. 

That the liver is the main site of the conversion_ 

is indicated by the work of L nn and hac ati (1022) who 

showed that the intravenous inj ection of laevulose was 

unable to prevent hypos yce.-aic convulsions in moribund 

hepatectomised do ;s,vr1ìereas .glucose could do so. 

Isaac (1914) demonstrated that a rapid decrease of 

laevulose and a concomitant rise in 1ucose resulted 

with .1ien surviving clogs liver was ti° as períused ith 

anger's solution containing laevulose. 

It is apparent then that the liver is an important 

site in the conversion of laevulose to glucose and 

this view is-supported by the work of Bodansky '(1923) 

Lampson and Wiing (1926) and Corey (1029), who found 

diminished laevulose tolerance in animals whose liver 

had been damaged by such hepatotoxic agents . as 

Chloroform, Phosphorus and J _ydraz i ne . 

In) 
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In spite of the importance of the liver in 

laevulose metabolism, it is also pos:Able that L-evulcz:e 

maybe converted into glucose by other tissues. 

Bollman and Lann (1931) shoved tat laevulose 

was eiiective in preventing hypolyc&nic convulsions 

inhepatectomised dogs if ziven early enbur-fh, it was 

ineffective in eviscerated, hepatectomised do from 

which they concluded that the intestines are a second 

site for the transformation. This is also suptod 

by Verzar and McDougal (1936) and Laszt (1222) who 

showed laevulose is converted to zlucose in the 

intestine. This v:ork hEs been contravcrtd by 

that of Steinberg (1927), Opel (199),and 

Eoore and Lloyd (1932) and by Griffith and '-'aters 

(1936) who round that laevulose is utilised and can 

prolong life in dogS deprived of their liver and 

viscera. They showed,injection of a large quantity 

of laevulose was not followed by an increase in 

blood glucose and concluded that fructose can oe 

oxidised directly without previous conversion. 

I will show later that I could not show the conversion 

by the intestine. Goda (1938) has shown In vitro" 

experiments that the kidney rapidly converts laevulose 

into !lucose, a statement which I have alsO confirmed. 

This may be the causeof the difierent results 

obtained by BolIman and nii (1931) and Griffiths and 

Esters) 
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Waters (193) using the eviscerated hepatectomised 

dogs. 

Various other tissues have been shown to ue able 

to utilize laevulose. Steinberg (1927) sho- :ed that 

the isolated surviving skeletal muscle was able 

to utilize laevulose directly as ef'i eciently as it 

could utilize glucose. This result supports 

McGuican (1908) and is confirmed by Griesbach (1929) 

and by 3ornstan and Volker (1929) who found that 

the isolated mammalian limb could utilize laevulose 

as well as, or even more readily than,glucose which 

is also confirmed by Okamura (1938) and ".'Stern (1936) 

wit* 

also sugzests that 1aovulose is utilized by the 

muscles and brain because it prolongs the li e of 

eviscerated dogs. On the other ha: nd, i:_s.clean and 

Smedley (1:12) and Ste,:wert and G .ddie (1'924) 

unable to demonstrate any utilization of laevulose 

by the heart muscle of the dog, rabbit or frog, 

v:hile a similar negative result was obtained by 

Ashford (1933) for brain tissue. It seems therefore 

from the above evidence that laevulose may be 

utilized by skeletal muscle, though not to any 

great el,tent by heart muscle or brain tissue. 

I will silo., that none of these tissues converts 

lLevulose) 
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laevulose into glucose. 

In 1936 cori and Shine puollsed a note 

claimin7 te hEve cdemonstrated directly is liver 

slices tlit lo.v.:11oe is convertnd into :1dcbse 

but they gEve no experintEl Thtsils ':natsoever. 

In 1937/28 Ooda Lis° usinj: tisLue slices,c1Limed 

to have dembhsti.ated dir-ectl:r the conversion oi 

laevuloee into i:lucose both by the ilver and 1..,iianey. 

Goda's experiments Ere hoever incomlete in thc..t 

the carbohydrate oxidised and the lctic acid 

produced by glycolysis are nut talen into account, 

and it is ciuite possible to ar-ue iro us dLa that 

the laevulose y:hdch disappeLred ha:d been oxi,f_ised 

and/ or converted into lactic cid, the L:lucose 

concentration r(5 adnin7 unchanged. a view to 

proving directly the converaion of laevulose into 

zlucose, in experiments free fon the fallacies 

inherent in those of Gods, I c=ied out experi- 
ments with tissue slices .riakirk.7; a complete 

carbohydrate oalLnce-sheet. 

The method T used was to slice the mesh tissue, 
measure) 
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For one complete expe= Ment; 

manometers fitted with the special i ls s ks e i tn.ed 

by Dickens and Simer a.re required. 'ihi 3. 1E_sks ';:ere 

shaken. in th t 38° C u'Lic;., was kept at a. 

constant temperature - 0.01 °C. The therm-regulator 

was of the ether vapour t:-pe, see fi :Ture b and gas 

heating was used. The seater in -Lila bath was stirred 
by a paddle rotating about 50 revolutions per minute 

and the manometers were shaken about 90 oscillations 
per minute. The apparatus is illustrated in the 

frontispiece. The flasks are illustrated in Fig. I 
and in diagram 1 and it will be seen that the body 

of the flask is divided into two compartments, and 

that two side -bulbs are provided. The total capacity 
of each flask is a oouï, a) mi. in the side -bulb 13 is 
placed 0.1 ml of 315- IIC1. In the outer space u is 
put 2 ml. 1v1/5 i Mn04 containing h /500 I-I2SO4, and into 
the bulo D 0.2 ml. of 30% NaI acidified to N /500 
Witn 112SO4 immediately oeiore use. Thus at the 

appropriate time during the experiment, the strong 

acid was added to the medium and tissue, converting 
the) 
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the bicarbonate into free CO2, c,'_;.1 on :ubser,ucntly 

mixing the iodide with the i'otassium 1)erianganate 

the iollowing reaction took plcce, 

2'01104 + 6 Nal + 4H20 = 2 L1nO2 + 312 +6717a0H + 2 KOH. 

resulting in the formation of a stron1y alkaline 

solution, which absorbed the whole of the CO i from 

the flask. The flasks were filled with a 5% CO2, 

95% 02 mixture, saturated y,ith water vapour at 38°C 

by passing it through for ten minutes with shaking, 

the gas escaping by the tap S. During the 0:ES3LIZ 

the Clerici fluid (S.G.=4) in tie manometers was 

moved up and down everal times to fill completely 

the manometers '7ES. :.ft-r 10 minutes -assi4J 

the tap S on the flask and the tap on the 1:,anometer 

dT turned so as to seal off the manometer En-7. flask. 

All joints must be ground down until they bite, 

lanoline being used as lubricant, so as to prevent 

the escape of gas. 

The Rir4Ter's solution used was the "Physiologies 

Salt Solution" of Krebs and Hensleit (1932) which 

was made up as follows. To 111 ml. distilled water 

were added 10 ml 9% Na-CL solution, 1 11. each of 

2.3% KC1 solution. 3.66% CaC12 solution. 2.11% 

solution, 3.82% MgSO4 7H20 solution, 5 ml 

5.46%) 
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5.46% NaI1CO3 solution and 0.26 gms. glucose or 

laevulose. The iTaIIC03 solution vras T;assed CO2 

until acid to litmus, other,.-ise the calcium Would 

have been precipitated as calcium carbonate. The as 

mixture was then bubbled through the solution until 

required. 

The flasks had been previously calibrated by 

weighing the amount of mercury v;-hich completely 

filled the flask and the manometer to the 15 cm. 

mark. The constants 

formula. 
272 

are calculated from the iallo: in 

.vo 

where v ga.s volume, v, = volume of solution. 

T= absolute tewerature, a= the solubility of the 

evolved gas in the liquid in the vessel (in c.m.m. of 

gas at dissolved in 1 c.m.m. of liquid when in 

equilibrium iJith a partial pressure oi the 5.:as equal 

to Po. Po = the normal pressure (760 m.m. Erg in 

m.hi. of manometric fluid. If D is the density of the 

fluid . 

1:3.60 
Po = 76=7-7 

1,5 ml Oi the Ringers solution was pipetted 
into) 
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into the inner compartment A oi-- the flask and 100 mzias 

moist tissue slices (i.e. after betveen 

fflterpapers) added to each of the four flasks 

2.3.4 and 5. Flask lwds used themobarometer 

and only contains a few drops of 1:hilst flask 

6 was used for the as analysis and so did not contail 

any medium or strong acid. The flacks were frstened 

ork the manometers with rubber bands and placed in 

the Oath. After about 5 minutes the flask vs z2cund 

ollto the manometer and the tap T3 into the flask. The 

gas Jixture was then passed through the vessel's with 

Shaking for 10 minutes, and after this was completed 

the vessels shaken ior 5 minutes to come to equilibri 

The manometer redin-Ts were then taken after adjustin.. 

the right hand level to the lE cm. mark. The acid in 

flasks 2 and -3 were then tipped into the medium and 

when equilibruj m. had been reached (15-20 minutes) the 

change in manometer reading noted-II, . The iodide 

was then tipped into the permanganate (also in flask 

and the chane in manometer reading again noted 

when equilibrium had been reached -HC (H gas in 

manometer 6). The tissue in flasks 4 and 5 was 

allowed to respire for 2 hours when the change in 

manometer) 
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- manometer reLdinz vas h. rile ,..c: d 7:'a- ;;,en tipped . 

into the medium h_. folloed oy the iodide into the 

permL.11 mate he . 

The oxygen u)take x.- 

(hc -H 
ge s "I'0O - (Ic -I1 gas) Eco 2- (hhkco 2 -HBK 

= h- 
02 

kco2 

The CO2 evolved xCO2 =(hc -H gas) kco2- (11c-H gas) Kco2 

The glycolysis xg = HE Kco2-hukco2 

R.Q= co 
02 

The carbohydrate oxidised was calculated from 

the R.. c.nd the oxygen uptake and the "lyc o lys i s from 

Xg. Both these values in these exDeri rients are 

calculated as glucose. 

The medium in the flasks after the experiment 

v;as transferred to a 25 ml. graduated flask and the 

tissue and flask washed 6 or 7 times with water to 

remove all the medium, the washings being added to 

the graduated flask. I first showed -chat it was 

possible to remove all the sugar in the medium from 

the tissue by this treatment, since the tissue after 

respiring in Ringers solution containing IL evulose 

and so treated1d_id not contain any 

subserjuent) 

laevulose on 

ko2 
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subseuent analysis. The iqedium End 7ashih7s were 

made up to 5 i1 an,a totL1 suzar and lEevulose 

eetiLiated and total carbohydrate estiflted on the 

tissue. PreliLalnEry exocriehts had shown that it 

WLS not posLible to estiziEte the su:::L]:'s on the 

medium and tissuelpecause the iLevuloce IPould be 

dPst-foyed by the prolon7ed hydrolysis with H2304 

which the totL1 cEroohydrate etiY,ILtion involves. 

In t.Le ex!)erients, 1-3) lvulose was 

the 1i t.ì: ..1:in7er's solution. 

100 rdzins. :]oist liver slices (which corresponds to 

20 ms. jer7 ti?sue) nere used in each flas and 

the respiration time was 2 hours. 

Ex erient 1. ilssue LIVE7Z. 

Oxy::eli uo tLzzo 4.26 

C.77 

Gqólysis 

Laevulose 

Total su:?7ar-iiiedium 

Total Caroo7rrLr 

Lactic AciJ :21.0Juced (Es gl:J.co-c 

Carbohydrate oxidised (as "lue_o_ 

Total CL..rbohydrate accoun'L 

LLevulose disz))eared 

Experiment E.) 

1.20 L.. 

- 
0....,: 

,_ 45 " 

0.59 ¡t 

, -12 It 

e , 

Inglis. 
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Experiment 2. 

Oxygen uptake = 422 pl. 

R.Q. = 0.81 

Caycolz.rsis = 119 pl. 

Laevu lose 

Total sugar-medium 

Total Carbohydrate-tissue 

Lactic Acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Before . After 

2.33 ill7nis 

3.47 

1.25 Ii 

1.19 

75 

0.70 

0.48 

0.18 

II 

II 

Total carbohydrate accounted for t-.72 ro..gqs 5.11 rns 

Laevulose disappeared 

a,periment 3. Tissue 

Oxygen uptake 305 pl. 

0.96 - 

(41: olysis 80 pl. 

1.14 

3e1 ore Al:ter 

Laevulose 2.47 nuns 1.34 i4L2L1S 

Total Sugar-medium 3.80 " 4.17 tr 

Total Caroohydra-,e-tissue 1.82 " 1.22 " 

Lactic acid produced (as glucose) 0.32 
Carbohydrate oxidised (as glucose) 0.32 

Total Carbohydrate accounted for 5.62 moms 6.03 lions 

Laevulose disappeared 1.13 mgms. 

It) 
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It will oe seen that in all these experiments a good 

deal of the lL evulose has disappeared and this is 

greater than the amount of carbohydrate oxidised 

plus that 'converted to lactic acid by glycolysis. it 

will be seen also that in every experiment there is an 

"parent" gain in carbohydrate during the experiment. 

This problem will be dealt with later. Even so the 

amount of laevulose which has disappeared is greater 

than the sum of the carb°hydrate oxidised, that 

converted to lactic acid by glycolysis and the 

"apparent" gain in carbohydrate. This shows 

conclusively the direct conversion of laevulose into 

glucose by liver slices. It will be noticed however 

that There is a gain in total sugar in the medium 

and a big fail in the total carbohydrate in the tissue 

durin the experiment. This is due to glucose 

leaking out of the tissue into the medium, and is 

Common to all 'iA, vitro' experiments in which the 

medium contains no ;.1ucose. In the next series of 

experiments 4-9 and in all subsequent experiments 

glucose was ad e(''. ,v 
-; i 

e_ira.tls uew to t- _.. zi to -at:. a co_ZC.- 

of 50 m_gms per 100 mi in order to prevent this lea!:_11-C 

out of sugar from i ïe tissue into the Iledium. 

Experiment 4.) 

n 
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Experiment 4. Tis;.;ue 

Oxygen ìzptake 215 

R. 0. 90 

Cxlycolysis 81 pl 

Jal 

.Aet ore Ai ter 
Laevulose 2.39 ?i:carìs 1. 59 

Total sugar- medium 4.35 " 4.37 
Total CEroohydrate- tissue 0.60 " 0.41 " 

Lactic acid produced. (as ,giucase) 0.33 11 

Carbohydrate oxidised (as glucose 0.17 " 

Total Carbohydrate accounted for 4.95 'Iá 22 algms 

Laevulose disappeared. 

Experimeï7t b. 

Oxygen 

R. 

Glyco :Lys is 

Tissue LI ̀ JE2. ----- 
7> ki 1 

0. 93 

82 izl . 

Laevulose 

Total Ut, suÇ o r-r- f Ille ilium 

Total 'Car üohydrate- Tissue 
L -ctic acid produced (a ucose) 
CL1 bohydrate oxidised (E s glucose) 
Total 1 t;a.rbotíydra.ue accounted for 
Laevulose disappeared. 

Experiment 6). 

0.80 `:ll ;;ls. 

Before After 

2.53 mgms 1.33 maps' 

L-. 35 " - 4 ` ̀ 7 11 . < 

0.77 " 0.-:,0 11 

0. 35 " 

0.26 

5.12 Di gas 5.58 mgr, as 

1.20 mgìns. 
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Experiment 3. Tissue 

Oxygen uptake 357 

R. q. 0.8 

Glycolysis 85 

Laevulose 

Total Sugar-medium 

Total Carbohydrate-tissue 

actic acid produced (as glucose) 

arbohydrate oxidised (as glucose 

Total Carbohydra-c,e accounted for 

aevulose disa)eared. 

eriment 7. Tissue 

Oxygen uptake 

0.9 

Glycolysis 79). 

aevulose 

otal sugar-medium 

otal Caroohydrate-Tissue 

actic acid produced (as Glucose) 

Erbohydrate oxidised (as Glucose) 

[Total Carbohydrate accounted for 

Laevulose disappeared. 

, 
-tiPeriment 3.) 

LIT]R. 

pl. 

7 

11. 

73efore After 

2.53 mals 1.22 mzilis 

4.35 ti 
4.c:',5 " 

0.63 " 0.35 " 

0.34 ii 

0 ti .24 

4.98mjus 5.32 rzms. 
..--...........--. 

1.25 m7ms. 

LIvi._;a. 

pl. 

, 

1.. 

before After 

2.80 mgms 1.63 :mgms 

4.22 If 4.22 " 

0 
ii 

.90 II 0.53 
0.32 " 

0.24 it 

5.12m7ms 5.31 mg7Js. 

1.27 mgms. ' 



Experihient 8. ?issue 1,1711 

Oxygen uptake 240 pl. 

R. 1' 

Glycolysis 74 

Eel ore 

Laevulose 

Total sugar-medium '35 

Total Carbohydrate-tissue 0.95 u G. 55 

Lactic Acid produced (a o _aucosc) 0.00 " 

Caruoh-fdrate oxidised (as glucose) 53" " 

Total CErbohydrate accounted or. L. 95 Y. , ;11, 

eirulo,se (2,13E. Rpeared 1. a 
xberiment 9, ue LTV-- . 

tE ]:e 361 pl. 

0.899 

Glycoiysis 54 pl. 

Ai ter 

,7-: .42 Li 

Laevulose 

Total Sup:ar-mediann 

Total Carbohydrate-tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for. 

Laevulose rlizappeared. 

These) 

Before After 

2.41 mgras 1.11 mgms 

4.15 

1.02 

4.37 

,0. 

0.22 

0.29 

ti 

It 

It 

b 17 lions 5.80 

1.30 Mgras 
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These expefiments clearly shov, the direct 

conversion 1Levulose into iucose the ulount of 

laevulose which AsapdeLred bein reLter than the 

sum of the lactic acid produced by :irco1ysis, the 

carbohydrate oxidised, and the pparent 'Ein in 

carbohydrate, the latter bein: quite positive in 

each experiment. It will be noticed that the addition 

of glucose to the -An:er's solution has prevented 

to a large extent the leaking out oi the cartaydrate 

from the tissue into the medium. 

From the foregoing experiments it Lip,eared 

that the final laevulose concentration wa;, [.Lays Ebout 

30% of the final total sugar concentration of the 

medium, which suggests an eju±liriüm bein: reached. 

The period of 2 hours for the respiration was chosen 

because it cve suitable reEdinzs on the manometers 

and yet '::as not sufficiently prolonged to introddce 

errors due to bacterial growth. Experiments 10- 12 

sho that an equilibrium is in fact attained. 

In experiment 10, 100 m7ms oi moist liver slices 

and 1.5 ml. oi medium were put into each of four 

flasks ani L-iloed to respire for 0,1,2 and 3 hours 

respectively, the medium be in: subseczaently analysed 

for laevulose ari l tntL1 

E-veriileat lo) 



drE 

Initial 

1 hour' _ 

2 hours 1.aa ® 0,1 © 5j jL. 
3 hours 1.5 4.53 520 1. 

This E- 1o: t:at »ractic&fly no evulese has 

disLppeLred after the second hour, the l't10 of 

laevulose to totL1 suar unchLn,J,ed 

minely 0.311 after 2 hours and 3.30 aftez' 3 hours, 

whilst the oxygen uotake shows the .tissue was still 

respirin. 

The Ldition of iurther amounts of laevulose 

i4ger's Solution after 2 bo,A.):'s respirLtion,,::ith 

subseuent to hours respiration 1nvesti7ated 

in experiDents 11 and 12. 1G :1:ms moist liver slice 

and 1.5 ml. medium* were tut into eLoh of four flasks, 

Flask 1 bcnn used for the initial anLayses of laevul co 

and total suar, 21a5k 2 bein-, allowed to respire 

2 hours, flask 3 for 2 hours and another 1.5 ml. of 

medium then added, whilst flask 4 was treated as 

flask 3 but was allowed to res)ire a further 2 hours. 

Experiment 11.) 



_.,' 
C 
1 

- _... 

_on ii:cie 

Initial 

2 hours 

2 1 0 .lï'ti +1. 

medium. 4.92 

2 hours + 1.5 ml 
;zediuTi + 2 hours 3. C " 7.35 

LL.Aevl_i__os e .ot;..1 :;ct _ï _.:, Lio 

, ,-,,, 3.97 _S. i,, - ,_1S 21,;í1S 1:1.2 

1.72 Il 4. -5 " 1:2.5 

i 7.625 " 

Experiment 12. 

Respiration lime L&evulose ..ot 1 3u r :Lr, 2,Etio 

Initie) 3.58 moms 31775 mgïas 1:105 

2 hours 

2 hours + 1.5 ml 
medium 

2 hours + 1.5 ml 
medium + 2 hours 

1.72 " 3.975 " 

5.18 " 8.00 " 

3.80 " 7.55 " 

1:2.3 

1:1.54 

1:1.99 

ßr1 e=x':'S_ i :_îenLs show that after respiring for 2 

hours the liver slices still have the ability to 

convert laevulose into glucose and the equilibrium 

is again approached. 

That the conversion of laevulose into glucose is 

an aerobic reaction is shown by experiments 13 and 14 

which were carried out in an atmosphere at' Nitrogen. 

Experiment 13.) 

. - 
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Experimenb 13. Tissue LlV.i GaL 

Oxygen uptake -24 pl. 

Glycolysis 109 pl. 

Laevulose 

Total sugar-medium 3.78 « 3.78 

otal Carbohydrate-tissue 0.40 0.45 

Lactic acid produced (as glucose) 0.44 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for 4.18 mgms 4.67 nun- 

Laevulose disappeared. 0.10 mgms. 

Delore 

L.02 mgms 2.92 mor 

It 

Experiment 14. Tissue 

Oxygen uptake -33 pl. 

Glycolysis 55 11l. 

Laevulose 

Total sugar-mediu 

Total Carbobydrattissue 

Lactic acid produced (as glucose) 

Carbohydrate -oxidised (as glucose 

Total Carbohydrate .accounted for 

Laevulose disappeLred. 

The) 

Gas 

Defol-e After' 

2.85 

- -, n n 
....,..)0 ,....>.« 

0.50 il 0..55 II 

0.22 

ITLL 

s 

s 

s 

4.18 ,icims 4.54 m-ais. 

Zil. 



The tivi ' ; , - 

exiJe..-A.L.tents .60 C):r.i."L :?.. .0 

le CQflI. u IL f;7. -LI., 

It 1S .1 .1) 11,1_1 

in 

T, - 

conversíoii Oí LL oviLou r o 

Id c. ) 

expel' t'..! o 

lia.Ve. the 2C) 

Expe]:'iiiiei-it 15. t1LüC idue 

-c, 

-c 

Laevulose 

Total sur-Tar 

ToT,s1 c s.te-ti2s Lie 

Lctj Lcît :L.)I.oc-;..ucei.-.9. (as zlucee ) 
Carbol-T.rb.te oxidised (as ,71tic e) 

Total CL,,,'uollyd-cs.te L..ccOulited or 
Laevui_o;..,,,e s appesa-ed. 

Experirnt l. ) 

iii ore .Lf 1er 

IT. al 1.15 C;3 

Z 

6. 61-r 3 

ti 

ii C. 675 

i1 
O. 59 ti 

s 

075 511k15 4. 265 ri :WS 

1.53 liCiadlEl. 
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Experiment 1ö. Tissue Kidney. 

O1 .y,.fesi 3%1 pl. 

v- 
J v 

LaevuloSe 

Total sugar-medium 

te ' 

3.50 " 2.325 " 

Total r1lJ - i :Irate-tissue 0.625 ¡s V25 I 

Lactic Acid pr°oduceo. (as -,.lcose) 

Carbohydrate oxidised (a¡, 

Total Carbohydrate ccounte d i- or mgms4.245 mgrn 

Laevulose disappeared. 

Experiment 17. Tissue Kidney,. 

Oxygen uptake 805 pl. 

. ti 0.91 

Glysolysis Nil 

Laevulose 

Total sugar medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

1.53 nuns. 

Before Al uer 

2.59 rn;ms 1.28 rRgrrs. 

3.175 " 2.475 " 

0.575 " 0.325 " 

Nil 

0.675 

TotEl arbohydrate accounted for 3.75 m',Ais 3.475 rngrn 

Laevulose disappeared. 

Experiment 18.) 

1.31 mgms. 
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Experiment 18. Tissue Kidney 

Oxygen uptake 740 )ll. 

R (Z 0.81 

Glycolysis 68 pl. 

Before After 

Laevulose 2.08 mgms 1.14 mgm 

Total sugar -medium 3.425 " 2.80 " 

Total Carbohydrate- tissue 0.675 " 0.55 " 

Lactic acid produced (as glucose) 0.28 " 

Carbohydrate oxidised (as glucose) 0.31 " 

Total Carbohydrate accounted for 4.10 mgms 3.94 mgm 

Laevulose disappeared. 0.94 mCgms. 

In all these experiments the amount of leevulose 

which has aisappeared is greater than the sum of the 

carbohydrate oxidlsed4 -the glycolysis. The apparent 

gain in experiments 15 and 16 is not as great as wit 

liver slices, whilst experiments 17 and 18 show 

a slignt loss in total carbohydrate, so it appears 

that kidney slices do not possess the property of 

giuconeogenesis. 

All the remaining tissue slices investigated, 

which included brain, skeletal muscle, cardiac muscl 

small intestine (muscle ana mucosa) and spleen, failed 

to convert laevulose to glucose. Or particular 

interest) 
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interest is the failure of the small intestine to 

convert laevulose into glucose, which is in 

disagreement with the work of Verzar ana his co- 

workers. It seems therefore that tais conv_rsion 

is not the cause of the rate of ubsor )fion of 

laevulose acing in-termedia ue that glucose and the 

pentoses. 

Experiments 19 -32 are the ba.lc e c ,e e tÜ o b ,; 

with the tissues which failed to convert laevulose 

into glucose. 

Experiment 19. Tissue Brain. 

Oxygen uptake 236 jai 

R.I. 1.09 

Glycol 3 `'S pi. 

Laevulose 

Before After 

2.74 mews 2.69 mgms 

Total sugar - Mdium 3.55 " 3.20 " 

Total Carbohydrate-tissue 0.20 " fil 

Lactic acid produced (as glucose) 0.11 " 

Carbohydrate oxidised (as glucose) 0.29 "-' 

Total Carbohydrate accounted for 3.75 mgis 3.60 mgms- 

Laevulose disappeared. 0.05 mgms. 

Experiment 20) 
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Experiment 20. Tissue Bra in 
Oxygen uptake 205 pl. 
R. 1.10 
Glycolysis 23 pl. 

Before After 
Lae vu o se 2.64 n. Ties 2. bö mp;ms 

Total sugar -medium 3.55 " 3.15 " 

Total C r bohydrate-tis sue 0.175 " 0.125 " 

Lactic acid produced (as gluc se) 0.11 " 

Carbohydrate oxidised (as glucose) 0.25 " 

Total Carbohydrate EC counted i or 3.72 mgms 3.64 mgms 

Laevulose disappeared. 0.06 mgms. 

Experiment 21. Tissue Brain 

Oxygen uptake 166 pi 
z.. 1.28 

G.Lyc o lys is 49 p.l 

Laevulose 

Total sugar medium 

Total Cai oohydrüte-tiissue 
Lactic acid produced ( ;;iucose) 
(jEi'Uohydra.te oxidised (as glucose) 

Bei ore Arter 

2.24 mgms 2.17 

3,55 " 2.90 " 

0.12 " 0.05 " 

0.20 " 

0.20 " 

Total carooriydrate accounted or 3.671a liw 3.35 mg-ms 

Laevulose disaVpperred. 0.07 ragr s. 

Experiment 22. ) 
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;perirlent 22. Tissue Skeletal muscle. 

Oxygen uptake- 15 ill. 

R. q. 1.76 

Glycolysis 27 cul. 

Before After 

Laevulose. 2.75 mgms 2.75 m- 

Total sugar medium 3.775 " 3.825 

Total Carbohydrate tissue 0.375 " 0..15 " 

Lactic acid produced (as glucose) 0.11 " 

Carbohydrate oxidised (as glucose) 0.02 " 

Total Carbohydrate accounted for 

Laevulose dise poeared. 

4.15 nigns 4.105 mgms 

Nil. 

Experimént 23. Tissue Skeletal muscle. 

Oxygen uptake 44 )11. 

R. L. 1.56 

Glycolysis Nil. 
.Before After 

Laevulose 2.75 mgms 2.75 ::.cm 

Total sugar- medium 3.95 " 4.10 

Total Carbohydrate- tissue 0.625 " 0.675 

Lactic acid produced (as glucose) Nil 

Carbohydrate oxidised (as glucose) 0.05 " 

Total Carbohydrate accounted or' :4.575 m,7ms 4.825 

Laevulose disappeared. Nil. 

Eaperiraesit 24.) 

mcrix s 
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Experiment 24. Tissue-Small intestine (Duodenum) 

L;.0 s c l e + Eu c o s a. 

;rce 01L n uptake se 1,^ 4 pl 

R. :`. 1.21 

_:-lycol,Tsi;= 105 
J - 

LE,.evulose 

Tot.l sugar .:edia:.l 

Total CL.rUohyf.irate-tisúue 

LEcl+ic acid produced (c..: 

a..rboh d.rate ol iç'_i, eä(_:_ _'lucoti.e) 

;1í1S 

L;.:::".0 

0.65 

" 
aJ. c5 

0.423 

0.42 r, 

0.16 

ti 

" 

Ti 

Tote' CéJ.l'Uo:' r l'é'to c.LLJu._il ed 1.Cr v..,J .ig1:1.S 4.13 ;¡il: ..a 

T aEVU Occ ,a 1s%.ppecreu. 1.02 i I": S 

qpertment 25. Tissue-Small Intestine -(Duodenum) 

i3uscle + 1::11cJsa. 

Oxygen uptake 157 p1. 

It. c4. 1.07 

Glycolysis 125 pl. 
Before Alter 

.,aevllose 2.53 2.42 , Ils 

Total sugar medium 3.375 " 3.05 " 

lQtaj. ua.rúohydr ate tissue 0.80 " 0.50 " 

Lactic acid produced (as glucose) 0.50 " 

carbohydrate oxidised (as g_Lucose) 0.19 " 

Total earbonydral,e accounted for 4,175 mgms 4.26 mgns 

Laevulose disappeared. 0.11 ia;ïn;o 

Experiment 26) . 
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Experiment 26. Tissue-Duodenum M13CQSai 

Oxygen up-i.aKe Nil. 

ONO 

G l ycolysls 98 }11. 

LaevuluSe 

Before After 

4.00 mgms 4.06 mgms 

Total sugar-medium 4.40 " 4.65 

Total Carbohydrate- tissue 0.15 " 0.15 " 

Lactic acid produced (as glucose) 0.39 " 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for 4.55 mgms 5.19 mgms 

Laevulose disappeared. Nil. 

Experiment 27. Tissue- Duodenal Muoosa 

Oxygen uptcke 60 pl. 

R. Q. 0.42 

Glycolysis 100).11. 

Be fore 'ter 
Laevulose 3.30 A.gms 3.25 inga s 

Total sugar-medium 3.925 " 4.075 " 

Total Carbdaydrate- tissue 0.225 " 0.275. " 

emetic acid produced (es glucose) ucose) it 

Carbohydrate oxidised (as glucose) 

otal Carbohydrate accounted for 4.15 mgns 4.75 mgms 

aevulose disappeared. 

eriment 28.) 

0.05 rngms. 
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Experiment 28. Tissue-Duodenal mucosa. 

xyJ:, 11 u,?ta- e Jil 

MIN L. ,f. 

Glycolysis 32 pl. 

Laevulose 

Total Sugar medium 

Total Carbohydrate tissue 

Before After 

4.06 4.13 .00 .r,_Mr1s 4.1; mgm 

il 4. r 4.525 1t 

0.125 " 0.125 " 

Lactic acid produced (as glucose) 0.25 ti 

Carbohydrate oxidised (es glucose) 

Total Carbohydrate accounted for 4.475 mgms4.90 Tops 

Laevulose disappeared. -r l..l. 

Experiment 29. T'issué -Cardiac Muscle. 

Oxygen uotake 

R Z. 
Glycolysis 92 pl. 

MET 

Laevulos e 

Before After 

2.91 mgms 2.84 mgms 

Total sugar - medium 3.90 " 3.625 

Total Carbohydrate -tissue 0.25 " 0.25 " 

Lactic acid ;produced (as glucose) 0.37 " 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for 

Laevulose disappeared. 

periment 30.) 

4.15 mgms 4.245 rgm 

0.07 mgms. 
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Experiment 30. Tissue -Cardiac muscle. 

Oxygen uptake 20 pl. 

R. ÿ. 1.65 

Glycolysis 4 pi. 

Laevulose 

Total sugar- medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Before After 

3..00 mgms 2.86 i1;ms 

3.90 

0.30 

II 

" 

3.80 

0.25 It 

0.01 " 

0.025 " 

Total Carbohydrate accounted for 4.20 :moms 4.085 mgas 

Laevulose disappeared. 0.14 ITgri1s. 

Experiment 31. Tissue . Spleen. 

Oxygen uptake 290 ri. 

R. Q. 0.645 

Glycolysis 138 pl. 

aevulose 

otal Sugar -medium 

otal Carbohydrate- tissue 

tactic acid produced (as glucose) 

arbohydrate oxidised (as glucose) 

Before After 

3.20 ilmgm.s 3. 08 :l1!-- ;11s 

3.425 

0.20 

" 

" 

2.975 

0. 

0.555 

i;il 

It 

II 

otal Carbohydrate accounted for 3.625 mgms3 :73 mgms. 

aevulose disappeared. 0.12 mgms. 

periment 32.) 
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Experiment 32. Tissue. Spleen. 

Oxygen uptake 366 pl. 

H. Q. 0.807 

Glycolysis 89 pl. 

Laevulo sè. 

Total sugar- medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Be= 

" 

11 

After 

3.14 mgms 

3.4.75 

0.25 

3.06 ngms 

11 2.975 

" 0.25 

" 0.36 

" 0.155 

Total Carbohydrate accounted for 3.725 mgms3.74 nms 

Laevulose disappeared. 0.08 ïrgïris . 

Having shown that liver slices convert laevulose 

to glucose directly, the following experiments were 

undertaken with the object of demonstrating the 

conversion to be enzymatic and possibly the 

concentration and isolation of such enzymes. 

Unfortunately it was found to be impossible to prepar 

even an active brei,Experiment 33. Thinking that 

the inactivation of the brei might possibly be due to 

the oxidation of the active reducing groups in the 

enzyme and so inactivating it, a phehomenDm which has 

been found. with other enzymes, glutathione was added 

to brei in one experiment,in order to reduce such 

oxidised groups, but the brei was still inactive. 

Slices) 
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Slices of the same liver would convert laevulose. to 

glucose, showing that distruction of the cells had 

caused the inactivation. 

In experiment 34, liver slices are shown to be 

active,whilst a brei made by grinding the remainder 

of the rats liver with silver sand and a few mis. 

of phosphate buffer p.H.7: and centrifuging off the 

cell débris, was inactive even when glutathione 

was added. 

Experiment 33. The enzyme preparation was obtained 

by simply pulping the liver alone. 

Initial laevulose content oí liver slices 
+ medium. 

Laevulose content of liver slices + 

3.34 r gm 

medium after incubation for 2-hours. 2.12 " 

Laevulose disappeared. 1.22 " 

Initial laevulose content of brei + medium 3.06 " 

Laevulose content of brei + medium after 
incubation for 2 hours . 3.10 " 

Experiment 34. 

Initial laevulose content in medium 
and liver slices. 3.20 mgm 

Laevulos e content after incubation with 
100 mgms. liver slices in 95% oxygen 1.73 " 

Laevulose disappeared. 1.47 " 

Initial laevulose content of enzyme 
preparation + medium. 2.40 " 

Laevulose content after incubation of 
extract + medium for 2 hours in 95% 02. 3.75 " 

Laevulose content after incubation of 

extract + medium + glutathione for 2 hours 
in 95% Oxygen. 
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The Róle of rhos ohorus i i aboli . t. .i 

Since )hos i?hory l` tien )1c rS s . an . 
iJ1ii d. e >>...C1. c -íî ii.a)Jí7ï' l+c TLL 

i. 

part in the anaerobic _ oid - :ion ol lucose, it is 

highly probable that it may also play a part in the 

utilisation and conversion of laevulose to glucose, 

especially since Fructose divhosphate (Harden -Youn- 

ester) occurs normally in blood and is the initial 

compound formed in anaerobic glycolysis. 

Laevulose also occurs esterified with phosphorus as 

the iTeuberg ester, which is also the ketose fraction 

of the Robison- IInbden ester. 

r 
CH2-0-P = 0 iH2OH 

i i 

HO¡ OH HO-C 

HO--H HO- -H 

H- -0H H I-OH 
H- 

r 
H- ¡H 

T Ch2-0- 0 H2 O-i-O 

OH 0H 

Fructose diphesphoric acid 2ructose 6 -mono- 

(Harden-Young ester) phosphoric acid. 

( Neuberg ester) 

The possible influence of the esterification of 

laevulose) 
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laevulose áíL its absorption from the intestine has 

already been mentioned, but the view of VerzcS are 

now disputed by Läíiïbrechts (1937), Deuel (1937) and 

Klinghoffer (1938). 

The effect of the ingestion of a large amount 

of laevulose on the concentration of Fructose diphosp 

and other phosphoric esters in the blood, was 

investigated in expel- iments 35 -37. Samples of blood 

were taken from normal human subjects, fasting and 

one hour after the ingestion of large amounts of 

laevulose, varying from 50 to 200 gms. Total sugar 

by the method of Hagedan and Jensen, laevulose by the 

method of Stewart et al, and an acid soluble 

phosphorus fractionation by the method of Eggleton 

and Eggleton were carried out on each specimen of 

blood. 

Experiment 35. The ingestion of 50 s of laevulose. 

Estimation. Fasting. 1 hour. 

Total Sugar 

Laevu lo s e 

Phosphagen P. 

Soluble P. esters (Hexoae 
diphosphate) p. 

Ortho -phosphates. P. 

106 mgms% 105mgim% 

o It 

o " 

6.3 " 

2.7 " 

Pyro -phosphates P. 1.8 " 

Insoluble phosphate esters P. 12.5 " 

Total Phospt}ate P. 23.3 " 

Experiment 36) 

5 II 

0 " 

6.2 " 

2.4 " 

2.6 " 

12.1" 

23.3 " 

ate 



73. 

Experiment 36. The ingestion of 10 of laevulose. 

Estimation 

Total sugar 

Fasting* 1 hour. 

104 mgrnsro 124041s% 

Laevulose idl 7.5 " 

Phosphagen P. 0.4 " 0.1 " 

Soluble P ester 
(Hexose diphosphate)P. 4.9 " 5.5 " 

Ortho- phosphate P, 2.3 " 2.5 " 

Pyro- phosphates P. 3.4 " 4.4 " 

Insoluble phosphate esters P15 .6 " 13.9 " 

Total Phosphate P. 26.6 " 26.4 " 

Experiment 37. The ingestion of 200 mgms of laevulose. 

Estimation Fasting. 1 hour. 

Total sugar 

Laevulose 

Phosphagen P, 

Soluble P ester 
(Hexose diphosphate) P. 

Insoluble P fraction P. 

Total Phosphate P. 

110 mgrs% 101 rngms 

2 " 10 " 

2.7 " 1.7 " 

3.0 " 3.9 'i 

15.5 " 16.0 " 

21.2 " 21.6 " 

In two experiments there was a slight increase 

in the soluble phosphorus ester fraction which 

includes the Fructose diphosphate and a slight decreas 

in the other experiments, indicating that the blood 

hexose) 
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fructose diphosphate is not altered even by these 

massive doses of laevulose. In spite of these 

negative results, it was possible that the phosphoric 

esters of laevulose and glucose may have an intermedi to 

position in the conversion of laevulose into glucose 

Goda (1937) has shown that if rat liver slices are 

incubated with a medium containing laevulose and 

phosphate a decrease in inorganic and an increase 

in organic phosphate occurs. This I confirmed in 

experiment 38. 

Experiment 38. 100 Mggms rat liver slices were 

incubated with 1.5 ml of medium at 38 °C in a mixture 

of 95% oxygen 5% carbon dioxide. Inorganic and organic 

phosphorus estimations were carried out 

after incubation, using Briggs method. 

Initial Final. 

Inorganic P. OrganicP Inorganic 

1. 0.1065 m,z7ns 

2. 0.099 

3. 0.084 

Average0.0965 

and) 

0.027 mgms 0.093mgms 

P. Organi P. 

0.084 mgms 

1 

1 

" 

" 0.0255 " 0.144 " 0.0225 

" 0.027 " 0.0945 " 0.0585 

" 0.0265 " 0. 1105 " 0.055 

Goda (1937) also showed that fructose monophosphate 
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and glucose monophosphate are very rapidly hydrolysed 

to glucose and inorganic phosphate when incubated with 

rat liver slices. These reactions he found were just 

as rapid in the absence, as in the presence of oxygen. 

Fructose diphosphate was only slowly hydrolysed under 

the same conditions. From these results Goda 

suggested a possible mechanism whereby laevulose is 

converted into glucose. The first step was the 

phosphorylation of laevulose forming fructose 

monophosphate. This reaction must be aerobic because 

the remaining steps can take place in the absence of 

oxygen. As has been shown in experiments 13 and 14, 

(page 58) ,rat liver slices are unable to convert 

laevulose into glucose in the absence of oxygen. 

The second step is the intramolecular conversion of 

fructose monophosphate to glucose monophosphate+ 

the final step being the dephosphorylation of the 

glucose monophosphate producing glucose. 

Laevulose Fructose Glucose 
+ monophosphate monophosphate 

H3PO4 

Ti 
Glucose + H3PO4> 

That the conversion is not as simple as this is 

indicated by the esterification of laevulose and 

phosphate) 
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phosphate requiring oxygen and failing to do so in 

the presence of respiratory inhibitors. This scheme 

does not explain either, the necessity for the 

presence of living cells. Goda has shown that 

brim rapidly converts fructose and glucose 

monophosphates to glucose and inorganic phosphate. 

The fact that glucose is never converted to laeuulose 

also points to the conversion being more complicated. 

In spite of these objections it seems probable that 

phosphorylation does play an important role in 

laevulose metabolism. 
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GLUCO JBOG idESTS. 

There have been many attempts to prove whether 

or not fat can be transformed into carbohydrate in 

the animal body. The majority of the experiments 

have been negative, end whilst most of the positive 

results have met with criticism, sufficient data has 

accumulated which makes this probably the most 

contraversial subject in biochemistry. 

Several different types pf experiments have been 

investigated. Gregg (1933) , Takao (1926) , Burn and ¡ 

Ling (1929), Liagnusson (1929) and Bodey et al (1927) 

obtained conflicting evidence from liver perfusion 

experiments. So kin (1929) occasionally found 

increases in urinary sugar following fat and lecithin 

feeding to diabetic dogs,but Page and Young (1932) 

never found an increase with phlorhidzinised dogs. 

The low respiratory quotient of man and animals on 

fat diets [IIawley et al (1933) ,Gregg (1931)1 and anti- 

obesity diets in obese subjects[Lyon, Stewart and 

Dunlop (1932)) strongly suggest the transformation. 

Low R.Qs have also been obtained for liver slices of 

fasting rats by Ivieyerhof and Lohmann (1926), Dickens 

and Simer (1931) and Gemmill and Holmes (1935) . Fat 

feeding) 
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feeding experiments on starving rats Gemmill and 

Holmes (1935) showed increases in liver glycogen but 

this has been criticised by Cori (1935) who showed 

that these increases were due to the glycerol 

and phosphatide fraction of the fat. 

It will be remembered that in the balance sheets 

obtained with liver slices, an increase in total 

carbohydrate was always obtained, and not Yith any 

other tissues. That the apparent gain in carbohydrate 

was real is shown by the following experiments, in 

which simultaneous balance sheet experiments were 

carried out using liver and kidney slices. 

Experiment 39. 

Ça) 100 mgms kidney slices. 

Before After 

Laevulose 2.45 mgms 1.38 mgrns 

Total Sugar -medium 3.40 " 2.80 " 

Total Carbohydrate tissue 0.425 " 0.425 " 

Lactic acid produced (as glucose) - 

Carbohydrate oxidised (as glucose) 0.87 

Total Carbohydrate accounted for 3.825mgms 4.095mgms 

Laevulose disappeared. 

(b) 

1.07 mgms. 
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(b ) 100 mgms Liver slices 

Laevulose 

Total sugar -medium 

Total Cas o ohydrate- tissue 

Lactic acid. produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Bei ore Af-ccr 

2.39 I11-.:1s 1.4 Y-- T 1 liiaii.S 

4.225 " 5.275 " 

1 

1.375 " 0.425 " 

0.40 " 

0.375 " 

Total Carbohydrate accounted for 5.60 ..l ms 3.476 

Laevulose disappeared. 0.98 mgms. 

Experiment 40. 

(a) 100 mgms Kidney slices. 

ÌThJS 

Before biter 

Laevulose 2.08 mgms 1.14 mgms 

Total Sugar- medium 3.425 " 2.80 " 

Total Carbohydrate-tissue 0.675 " 0.55 " 

Lactic acid produced (as glucose) 0.28 " 

Carbohydrate oxidised (as glucose) 0.21 " 

Total Carbohydrate accounted for .4.10 mgms 3.94 mgms 

Laevulose disappeared. 0.9 /_ 1w7-is. 

(b) 100 mgms Liver slices. 

Laevulose 

Total sugar -medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Bel ore After 

2.42mgms 1.20 mgms 

4. 00 " 3.95 " 

0.95 " 0.55 " 

0.20 " 

Carbohydrate oxidised (as glucose) 0.35 " 

Total Carbohydrate accounted for. 4. 95nignis 5.15 

Laevulose disappeared. 

Experiment 41.) 

,, 1. :l ions . 
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Experiment 41. 

(a) 100 mgms Kidney slices. 

Laevulose 

Total sugar- medium 

Total Carbohydrate- tissue 
Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Before After 

2.97 mgms 1.22 mgni 

3.45 " 2.575 " 

0.45 " 0.45 " 

0.48 " 

0.21 " 

Total Carbohydrate accounted for. 3.90 mgms 3.715 x 

Laevulose disappeared. 1.75 mgnis. 

(b) 100 mgms Liver slices. 

Be_ ,fter, 
Laevulose 2.84 norms 1.34 mgms 

Total Sugar -medium 3.50 " 3.40 " 

Total Carbohydrate -tissue 0.425 " 0.375 " 

Le tic sr id produced (as glucose) 0.485 " 

Carbohydrate oxidised (as glucose) - 

Total Carbohydrate accounted for. 3.925 mgms 4.26 mg s. 

Laevulose disappeared. 1.50 mp-ms. 

In each of the above experiments an almost 

perfect balance sheet was obtaire d with Kidney slices, 

but there was always an increase in the total apparent 

carbohydrate with Liver slices. It was found that if 

the) 
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the livers of rats starved for 24 hours were used 

the apparent increase in carbohydrate was much less, 
(Experiments 42.43 and 44) , whilst with the livers of 

rats fed on the high carbohydrate diet which was 

used in earlier rat feeding expe riments and which 

consisted of over 50% of glucose, the apparent gain 
in total carbohydrate was increased, (experiments 

45 and 46) . 

-periments 42. (a) 100 .gins. kidney slices, 

aevulose 

ôtal Sugar- medium 

otal Carbohydrate- tissue 
actic acid- produced (as glucose) 
arbohydrate oxidised (as glucose) 

otal C rbohydrat8 accounted for. 

}e'ore After. 
2.31 ions 

3.50 t 

tt 0.45 

1. 17 ing-rn 

2.875 u 

0.45 n 

0.405 n 

tt 0.31 

3.95 ifi.:;:ns 4.04 n1_,. ::. 

aevulose disappeared. 1.14 üagns 

b) 100 1ngms. Liver slices. STARVED RAT. 

aevulose 

otal Sugar- medium 

otal Carbohydrate- tissue. 
tic acid produced (as glucose) 

arbohydrate oxidised (as glucose) 
otal Carbohydrate accounted for. 
aevulose disappeared. 

Experiment 43) 

Bef ore 

t 

tt 

After 

2.80 mgms 

3.50 

0.35 

1.85 

3.25 

0.275 

0.085 

0.13 

11-0r1 

t 

t 

tt 

If 

3.85 ïrir;ins 3. 74 m gm 

0.95 mgms. 

- 

. . 
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Experiment 43.100 mgms Kil2gslices. STARVED RAT. 

(a) Before After 

Laevulose 3.03 mgms 1.90 i gms 

Total sugar- medium 3.50 " 3.375 " 

Total Carbohydrate- tissue 0.35 " 0.275 " 

Lactic acid produced (as glucose) 0.36 " 

Carbohydrate oxidised. (as glucose) - 

Total Carbohydrate accounted for. 3.85 mgms 4.01 mgm 

Laevulose disappeared. 1.13 4gms. 

(b) 100 mgms Liver slices. 

Laevulose 

Total Sugar -medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Before After 

2.19 mgms 1.03 mb7nis 

3.725 " 3.50 rr 

0.50 " 0.40 " 

0.155 " 

0.115" 

Total Carbohydrate accounted for. 4.225 rgms . 4.17 " 

Laevulose disappeared. 1.16 mgms. 

Experiment 44.) 



Experiment 44. 

Rat on High Carbohydrate Diet gor 7 days. 

(a) 100 Vii] ins _: >idney slices. 
Before A:£'ter 111=1111 

Laevulose 2.58 nigms 1.44 nl_ ms 

Total sugar -medium 3.625 " 2.70Q " 

Total Carbohydrate- tissue 0.45 " 0.45 " 

Lactic acid produced (as glucose) 0.61 " 

Carbohydrate oxidised has glucose) 0.285 " 

Total Carbohydrate accounted for. 4.075 mgms4.045 rra; s. 
Laevulose disappeared. 

(b) 100 mgms Liver slices. 

Laevulose 

Total sugar- medium 

Total Carbohydrate- tissue 

1.14 m._:,ns . 

Before After 

3.03 mg is 1.44 A]L;ms 

4.275 " 4.925 " 

1.90 " 1.625 " 

Lactic acid produced (as glucose) 0.385 " 

Carbohydrate oxidised. (as glucose) 0.22 

Total Carbohydrate accounted for.6.175 rIigms 7.155 mgrn 

Laevulose disappeared. 

Experiment 45) 

1.59 ngms. 
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Experiment 45. 

Rat on High Carbohydrate Diet for 7 days. 

(a) 100 raÌgms Kidney slices. 

Laevulose 

Total S.uga.r- medium 

Total' Carbohydrate -tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for. 

Laevulose disappeared. 

(b) 100 rid, 1ìs Liver slices. 

Laevulose 

Total sugar- medium 

Total Carbohydrate -tissue 

Lactic acid produced (as glucose) 

Carbohydrate. oxidised (as glucose) 

Before After 

2.00 nigua 1.41 rirgnis 

3.45 " 2.65 ' 

0.35 " 0.425 ' 

0.65 " 

0.17 4 

3.80 rr;~ms 3.895 

0.59 mgrrs . 

Before After 

2.14 nigua 1.31 

4.275 " 5.30 " 

1.675 " 0.875 ' 

0.1 " 

0.20 " 

Total Carbohydrate accounted for. 5.95 m ms 6.685 mgrs 

Laevulose disappeared. 0.83 mgms. 

This increase in total carbohydrate when liver 

slices) 
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slices are incubated with Ringer's solution is not an 

original discovery, but had been reported by Gemmill 

and. Holmes (1935) who because of the low R.Q.s obtaine 

with liver slices from butter fed rats, attributed the 

increase to a conversion of fat to carbohydrate. 

This has been criticised by Cori (1935) who pointed 

out that the increase in Gemmilland Holmes experiment 

could be attributed to the glycerol and phosphoric 

ester fraction of fat. Bach and Holmes (1937) showed 

that the formation of carinydrate under these 

conditions was partially inhibited by insulin, E. d 

that this fraction was that derived from amino acids. 

The precursor of the remaining carbohydrate fórmed, 

they suggested, was fat, mainly because it was the 

only remaining source. 

There are several possible precursors of 

carbohydrate 'in such a system as was present in the 

above balance sheet experiments. These are protein 

and Protein derivatives,phosphoric esters of 

carbohydrates, the glycerol fraction of fats, fatty 

acids and finally the formation of reducing trioses 

from hexoses, which would cause an apparent gain 

in carbohydrate. 

If protein and protein derivatives are the 

precursors of the carbohydrate then there should be 

an) 
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an increase in urea and / or non protein 
nitro den. 

In experiment 46, urea estimations 
were carried out 

from on liver slices horn a rat 
had been on a high 

carbohydrate diet, and in experiment 47 non protein 

nitrogen estimations were simularly 
carried 

Experiment 46. 100 mgms Liver slices. 

Urea was estimated by the urease 
method on medium 

Wgriis Urea Nitrogen 3lucose Equivalent 
assuming a G/lT 
ratio of 6.25. Initial -Anal Increase 

a. 0.008 0.012 0.004 . 0.025 ns 

b. 0.00L 0.004 Nil i1i l 

c. 0.02R 0.012 0á016 0.064 m,7ns 

d. 0.01: . 0.02L i::ii idi1. 

t 

Even assuming an optim ii conversion of protein 

to carbohydrate i.e. a G/N ratio of 6.25 the maximum 

increase in carbohydrate derived from protein 
is 

only a fraction of the total increase in carbohydrate 

which is usually of the order of 0.6 mgms. 

Experiment 47. 100 mgms Liver slices.N.P.H. 
estimated 

by the micro -Kj eldahl method. 

Tv ;ms N.P.N. Nitrogen. 

Initial Final 

0.267 m,`ms 0.135 mg, ms 

0.140 " 0.275 " 

0.180 " 0.200 " 

Average. 0.196 mgms. 0.203 mgms. 

Again) 
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Again assuming a G/N ratio of 6.25, the maximum 

amount of carbohydrate derived from a protein source 

would only amount to about 0.05 rngms. These experiments 

clearly show that there are other sources of 

carbohydrate which Bach and Holmes (1937) have shown 

to be uninfluenced by insulin. 

If hexoses are broken down to reducing trioses, 

i.e. triose phosphates, or if phosphoric esters 

including the phospho- lipoids, are the precursors of 

carbohydrate there should be some disturbance of the 

inorganic phosphorus /ester phosphorus ratio. 

Experiments 48 and 49 show there is very little 

aisturba_nce of this ratio. 

Experiment 48. 100 mgms Liver slices. Rat on high 
carbohydrate.diet. 

Initial Final 

Inorganic Ester F, Inorganic P . Ester r 

A. 

0.1065 inns 

0.099 ' 

0.084 " 

0.0965 mgzns 

0.027 mgrns 

0.0255 " 

0.027 " 

0.0265 rngmti 

0.093 rngms 

0.144 " 

0.0945 " 

0.1105 mgms 

0.084 m7rris 

D. 0225 

0.0585 

0.055 m;_;rns , 

Experiment 49) . 
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experiment 49. 

100 Mgrns Liver slices. Rat on High Carbohydrate Diet. 

Initial Final 

Inorganic P. Ester P. Inorganic P. Ester P. 

i... 0. Ç90 m,ms 0.081 0.100 mgrns 0.035 mgTII£=: 

. 0.096 " 0.041 " 0.096 " 0.035 

3. 0.095 0.044 " 0.094 " " 0.062 

Av. 0.094 Mg ms 0.047 rrgms 0.097 mgms 0.044 mgms 

Only in experiment 49 is there an increase in 

ester phosphate i.e. 0.0285 mgms P. and even assuming 

the p]osphorus- in a triose phosphate to be a sixth of 

the molecular weight, then the maximum apparent -;ain i 

carbohydrate due to tne formation of triose, phosphate 

is 6 by 0.0285 mgrs = 0.17 rngms.which is only a quartes 

ofthe usual increase. The decrease in inorganic 

phosphate rules out the possibility of any formation . 

of carbohydrate from phosphoric estere. Thus by 

elimination we are left with the lycerol fraction of 

the fat molecule and fatty acids themselves as the 

possible precursors of the carbohydrate formed. 

The micro- methods for the estimation of fa.t 

consist essentially in the titration of the fatty acids 

contained in the material with caustic_soda. These 

estimations) 
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estimations are therefore really a measure ol free 

carboxyl groups and so would not. _indicate any loss 

of fat if the number of carboxyl groups remained 

the same, as could happen if portions of a high 

molecular weight fatty acid were removed. 

e.g. COOII COOH 

('H2)16 = (H2)10 + (CH2)6 

1 

CHg t,ii9 

Stearic acid 

(C4)6+ 302 = C6H1206. 

Each fatty acid contains one carboxyl group and each 

would require one equivalent of caustic soda to 

neutralise it. To overcome this difficulty, the 

obvious procedure is to weigh the fatty acids, 

and so a method,which is a modification of the method 

of Stewart and Hendry (1935) was devised as follows 

to do so. The experiments were carried out in 

triplicate, i.e. 3 initial and 3 after 2 hours 

incubation. 100 maps. tissue slices an17...5 ml 

medium Were used for each estimation which was 

carried out in a 25 ml graduated flask. About 15 mis. 

a mixture of 3 parts of alcohol and 1 part ether 

(peroxide free) were added and the mixture brought 

to the boil with shaking, after which it was allowed 

stand overnight. 

The) 
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The mixture was then made up to the mark with 

the alcohol -ether mixture and well shaken. 20 ml 

of the solution were then pipetted into a 50 ml 

conical flask, 5 ml N /10 caustic soda solution 

added and then evaporated almost to dryness on a 

sand -bath, the final drying being carried out in 

the oven. A slight excess of N/2 sulphuric acid 

solution was then added and the mixture allowed to 

stand overnight. The fatty acids were then 

extracted with -five 10 ml. portions of Petrol ether 

B.P. 40- 60 °Cithe extractions being evaporated in 

a tared 5 inl. conical flask. After drying in the 

oven at 100 °C for 1 hour the 5 ml conical flasks 

were re neighed on a micro -balance and the weight 

of fatty acid so determined. 

That the method was accurate was shown by the 

recovery ói stearic acid when put through this 

process. 

Stearic Acid added. Stearic Acid recovered. 

98.3 moms. 

100 mess. 101.6 " 

99.1 " 

Simultaneous) 
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Simultaneous balance sheet experiments and fat 

estimations were now carried out. 

Experiment 50. 100 mgms. Liver Slice. Rat on high 

Carbohydrate Diet. Laevulose medium. 

Before After 

Laevulose 2.95 mgms 1.72 rug 

Total sugar - medium. 3.775 " 4.15 " 

Total Carbohydrate -tissue 0.65 " 0.415 " 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

0.37 " 

0.18 " 

Total Carbohydrate accounted for. 4.425 mgms5.115 rngms 

s 

Laevtlose disappeared. 1.23 mgms. 

Apparent gain in Carbohydrate 0.69 mgms. 

Total Fatty Acids. 

Initial Final 

1. 3.01 mgms. 1.78 mgms. 

2 2.87 " 1.71 " 

3. 2.64 " 1.30. " 

Average. 2.90 mgms. 1.60 rams. 

Loss in Total Fatty acids 1.30 mgms. 

Fat oxidised (calculated from oxygen uptake and 

the R. Qr.') = 0.08 mgms. 

Experiment 51.) 
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Experiment 51. Conditions the sanie as experiment 50. 

Before After 

Laevulo s e 3.25 ns 1.65 molls 

Total sugar- medium 4.125 " 3.725 " 

Total Carbohydrate -tissue 0.75 " 0.525 " 

Lactic acid produced (as glucose) 0.335 " 

Carbohydrate oxidised (as glucose) 0.335 " 

Total Carbohydrate accounted for. 4.40 m ms.4.92 mis 

Apparent gain in Carbohydrate = 0.52 mgms. 

Total Fatty Acids. 

Initial Final. 

1. 5.85 mgms. 4.74 . -.-ms . 

2. 5.71 " 4.54 " 

3. 5.50 " 5.15 " 

Average 5.68 mgms 4.81 mgms. 

Loss in fat= 0.87 mgms. 

Fat utilised by tissue = 0.08 mgms. 

Assuming the glycerol fraction of a fat to be 

approximately 1 /10 of the fat molecule which could 

give rise to an equal weight of glucose, the glycerol 

fraction could not account for the increase in 

carbohydrate. e.g. in experiment 32 the loss of fat 

is ) 
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is 0.37 rims and so the glucose obtained ±rom . the 

glycerol fraction could only amount to 0.09 mgms, 

whereas the gain in carbohydrate wE s 0.52 mgms. This 

effectiüely rei1oves the possibility of the glycerol 

fraction of the fat being the source of the 

carbohydrate f ormed leaving the fatty acids themselves 

as the sole rem.ining source. 

In the next experiments glucose was the only sugar in 

the medium, in order to indicate that the formation 

of carbohydrate and loss of fat were not properties 

peculiar to laevulose containing media. 

Experiment 52. 100 mgms Liver slices of Rat on ,High 

Carbohydrate Diet. Glucose medium. 

`total Sugar medium 

Total Carbohydrate-tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for. 

Before After 

ngm 3.675 nuns 4.75 

1.575 " 0.55 " 

0.24 " 

0.065 " 

5.25 mgms 5.6O5 ma.. 

Apparent gain in Carbohydrate = 0.355 mgms. 

Total Fatty Acids. 

Initial Final. 

1. 2.90 mgms Nil. 

2. 2.47 " 2.02 mgms. 

3. 2.74 " 2.14 " 

Average. 2.70 mgms 2.08 mgms. 

Loss in fat = 0.62 mgms. 

Fat utilised by tissue = 0.08 mgms. 

Experiment 53.) 
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Experiment 53. as Experiment 52. 

Total sugar- medium 

Total Carbohydrate- tissue 

Lactic acid.produced (as glucose) 

'Carbohydrate oxidised (as glucose) 

Total Carbohydrate accounted for. 

Before . After 

3.675 Mgms 4.90 4;lns 

1.625 " 1.15 

ni,.;ms 

0.415 

0.02 

6.485 r ins 

Apparent gain in carbohydrate _ 1.185 mgms. 

Total Fatty Acids. 

Final Initial tial 

1. 6.27 mgms 4.37 mgms 

2. . 55 " 5.72 " 

3. 5.03 " 5.57' " 

Average 5.95 mgms 5.22 mgms 

Loss in fat = 0.73 mgms. 

Fat utilised by tissue = 014 rems. 

Experiment 54) 
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Experiment 54. as Experiment 52. 

Total sugar-medium 

Total Carbohydrate- tissue. 

Lactic acid produced (as Glucose) 

Carbohydrate oxidised (as glucose) 

Be _ After. 

4.60 mgms 5.65 m gml 

1.225 " 0.75 " 

0.36 " 

0.10 " 

Total Carbohydrate accounted for. 5.825 mgms 6.86 mgi. 

Apparent gain in Carbohydrate 1.035 mgm 

To tal Faty Acids . 

Initial Final 

1. 4.39 mgms 3.52 mgms 

2. 4.14 " 3.68 " 

3. 4.47 " 3.64 " 

4.34 mgms 3.62 mgms 

Loss of fat= 0.72 mgms. 

Fat utilised by tissue = 0.15 mgms. 

Experiments 521 53 and 54 show that the gain in 

carbohydrate and the loss of fat also occur when 

liver slices are incubated with glucose only, 

containing media and is not a property peculiar to 

laevulose. The agreement between the gain in 

carbohydrate and the loss of fat is quite good and it 

would) 

s. 
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would pear that there is some connection between 

them. There is one big difficulty however in 

assuming that the fat which disappears is converted 

to carbohydrate and that is, the amount of oxygen 

required for such a conversion is far in excess of 

the oxygen uptake during the experiment. e.g. Conside 

experiment 54. 

C17 H35 COOH +802 = 3C6H12O6. 

Stearic acid. 

Therefore 284 mgms stearic acid would require 8by22.4 ml Oxygen. 

n 1 n n 622 ul 

0.72 '' . 
n 

" 448 ml 

Whereas the total oxygen uptake was only 340 ul. 

If the calculation is based on the carbohydrate 

formed, there is still insufficient oxygen absorbed 

to bring about the conversion and allow for respirati n. 

e.g 

To produce 1 m gm.. carbohydrate from stearic acid 
308 ml oxygens are required. 

Therefore to produce . 1.035 mgms carbohydrate from 
stearic acid 319 ml oxygen are required. 

Whereas the total oxygen uptake was only 340 ul. 

To show that the gain in carbohydrate and loss of 

fat when liver slices are incubated with medium is real, 

Experiment 55 and 56 were carried out with kidhey 

slices) 

ti 
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slices in the same way as in experiments 52 -54 with 

the additional titration of the fats, after wei,hing, 

against N /l0 NaOH. 

Experiment 55. 100 mgms Kidney slices. Glucose medium. 

Rat on Hì:7sh Carbohydrate Diet. 

Total Sugar- medium 

Total Carbohydrate-tissue. 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

Before After 
3.40 27/77-7-n- , ìilg:i1S 

r 0.35 It O.rU ri 

0.18 " 

. 0.25 n 

Total Carbohydrate accounted for. 3.75 mgms 3.48 mgms 

Total Fatty Acids 

Initial final 

1. 2.54 sois 2.84 mgms. 

2. 3.06 " 2.52 " 

3. 3.08. " 2.70 " 

Average. 2.89 mgms 2.69 %ms . 

Loss or Fat = 0.20 mgms. 

Fat utilised by tissue = 0.31 mgms. 

Experiment 56) . 
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Experiment 5. as Experiment 55. 

Before After 

Total sugar-medium 3.00 mgms 2.65 --igm 

Total Ccfbohydrate-tissue 0.35 " 0.35 " 

Lctic acid produced (as ,:lucose) 0.095 " 

Carbohydrate oxidised (Es -lucose ) 0.41 " 

Total Carbohydrate accounted for. 3.35 mgms 3.505 mcm 

Total Fatty Acids. 

Initial Final 

1 3.30 mgms 3.17 mgms. 

2. 3.58 3.63 " 

3. 3.06 3.39 " 

Avefage 3.31 mgms 

Loss of Fat = Nil. 

Fat utilised by tissue = 0.03 mgms. 

Titration of Fats in ml N/10 NaOH 

3.40 mgms. 

Initial Final 

1. 0.0339 ml. 0.0312 ml. 

2. 0.0369 " 0.0296 " 

3. 0.0276 " 0.0338 " 

The close agreement between the weight of the 

fat and its titre indicate no change in Equivalent 

Weight of the fat, and so portions of fatty acid 

molecules are not broken off to produce carbohydrates. 

The) 

s. 
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The above experiments clearly show that the 

loss of fat and the gain in carbohydrate with liver 

slices are real, since It.th kidney slices an almost 

perfect balance sheet is obtained and there is no 

loss of fat. 

Therefore it would appear that there Must be 

some oxygen donator other than the gas supplying 

oxygen for the formation mation of carbohydrate from fat. 

The following experiments were carried out in an 

atmosphere of nitrogen in, order to substantiate this 

view. 

Experiment 57. 100 rgrris Liver slices. Rat on High 

Carbohydrate Glucose medium. Carried out in an 

atmosphere of nitrogen. 

Total sugar- medium. 

Total Carbohydrate- tissue 0.50 mgms 0.23 rigm 

Lactic acid produced (as glucose) 0.25 H 

Carbohydrate oxidised (as glucose) - 

Total Carbohydrate accounted for. 4.32 mot's 4.48 rigni'.. 

Apparent gain in carbohydrate = 0.16 mgms. 

Total Fatty acids. 

Initial Final 

1. 1.89 mgms 

2. 2.15 " 1.11 rems 

3. 1.95 " 0.82 " 

Average. 2.00 mgms 0.97 mgms 

Titration) 

Before After 

3.82 iigrrs 4.00 rïlgm 
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Experiment 59. as exile riment 57 except the nitrogen 

was purified by passing it over soda lime and red 

hot copper and through alkaline pyrrogallol. 

Before After 

3.37 mgms 3.63 m..xns Total Sugar -medium 

Total Carbohydrate- tissue 

Lactic acid produced (as glucose) 

Carbohydrate oxidised (as glucose) 

0.52 " 0.35 

0.38 " 

Total Carbohydrate accounted for. 3.89 mgms 4.36 mgms 

Apparent gain in carbohydrate = 0.47 mgms. 

Total Fatty Acids. 

Final. Initial 

1. 1.40 in ms 0.89 mgms 

2 1.85 " 0.91 " 

3. 1.87 " 1.37 " 

Average. 1.71 mgms 1.09 mgms. 

Titration of Fats in ml N /10 N aOH. 

Initial Final 

1. 0.0247 ml 0.0148 ml. 

2. 0.0303 " 0.0148 " 

3. 0.0278 " 0.0179 " 

That there is no change in equivalent weight 

of the fat is shown by the good agreement between 

its weight and its titre value. 

There) 
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There is no doubt that carbohydrate is formed 

when liver slices are incubated at 37 °C in a 

physiological medium and at the same time there is a 

loss of fat. Whilst the conversion of fat to 

carbohydrate requires a large amount of oxygen, 

much more than can be accounted for by the oxygen 

uptake during respiration, the fact that the same 

results are obtained in an atmosphere of nitrogon, 

indicates the exist@.nce of some oxygen donator other 

than the gas. If the oxygen donator is water then 

there would be a large amount of hydrogen to account 

for, unless this is also utilised for other processes. 
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DISCUSSION. 

The failure of laevulose to forma characteristic 

polysaccharide in the animal body, composed of units 

of laevulose,, distinguishes it from glucose and 

galactose, which occur as glycogen arid ga.lactogen 

respectively. Even after the feeding of large amounts 

of laevulose for a considerable time to rats, no 

difference could be detected between the glycogen 

laid down in the tissues, irom that after glucose 

feeding. It was interesting to find no difference 

between the laevulose levels of venous and arterial 

blood, in view of the quite considerable difference 

in the glucose levels. The arterial glucose level 

is usually 20 -30 mgms% higher than the venous glucose 

level. This indicates the slow utilisation of laevul s 

by the muscular tissues, which is sup- ;ported by 'in 

vitro' experiments. This is rather surprising since 

the first step in anaerobic glycolyais is believed to 

be the formation of fructose diphosphate, 

The importance of phosphorylation in the 

metabolism is still undecided. Because fructose 

monophosphate and fructose-diphosphate are readily 

converted into glucose and inorganic phosphate by 

liver) 
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liver slices, even in an atmosphere of nitrogen, 

the formation of these esters as intermediaries 

does not necessarily follow. The failure to show 

an appreciable phosphorus transfer during the 

metabolism of laevulose,whilst ruling; out irréversible 

reactions involving phosphorylation or dephosphorylation, 

does not necessarily mean that no transfer takes place 

at all. The small changes noted, may be the 

resultant of two or more reactions, one utilising 

inorganic phosphate to form ester phosphate, with the 

other reactions reforming inorganic phosphate .t such 

a rate as to prevent accumulation of ester phosphate. 

(c.f. glycolysis). It is highly probable that the 

conversion is brouight about by a' series of simple 

reversible steps such as phosphorylation, intra- 

molecular change of the ester and dephosphorylation. 

There must however, be other more complicated changes 

involved, possibly connected with the supply of 

energy, since this outline does not explain the 

necessity for the presence of oxygen. 

That the liver is the main site of the 

conversion of laevulose into glucose, has been shown 

indirectly by Mann, Bodansky and others, but in this 

thesis the conversion is shown directly. The 

amount) 
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amount of laevulose which disappeared on incubating 

liver slices in a. physiological sait solution 

containing laevulose, at 370C, was always greater 

than the suffi of the carbohydrate oxidised, the lactic 

acid produced by glycolysis and the apparent gain 

in carbohydrate, all ca lcu±ated as glucose. The 

apparent gain in cFrbohycirate,al a property peculiE 

to liver slice experiments, was shown to be derived 

from ratty acids. In the case of kidney slices, 

an almost perfect balance sheet was obtained and 

here again the laevulose which has disappeared 

is greater than the sum of the carbohydrate oxi, ise 

and the lactic produced by glycolysis, proving the 

direct conversion of laevulose into glucose by the 

kidney. All the other tissues examined, i.e. 

the brain, the spleen, cardiac and skeletal muscle 

and duodenal mucosa and muscle failed to .brin; abou 

the conversion. 

Whether or not the ability of the kidney to 

bring about the conversion introduces a fallacy 

into the laevulose tolerance test can only be decid 

after an investigation of the test in renal disease 

Up) 

d. 



106. 

Up to the present only two such tests live been 

carried out, both_ of which gave borderline results 

but Stewart et al (1937) reported that four out of 

five cases of arteriosclerosis gave abnormal curves 

This pay therefore turn out to be a serious objecti 

to the leevulose tolerance test. 

The conversion by the liver and kidney never 

goes to completion 'in vitro',but tends to an 

equilibrium, which ch. rages on altering the 

experimental conditions. The failure of liver 

bréi to bring about the conversion,indicates some 

essential reaction which only takes place in the 

presence of intact living cells. A possible 

explanation being the oxidation of an active group 

of an enzyme, such as a -SH.group, once the cell 

structure is destroyed. Glutathione was added to 

liver br$ . in the hope of reducing such an oxidise 

group , but the bréi was still inactive. 

The failure of the intestine to bring about 

the conversion is evidence which together with the 

of Klinghoffer, Lambrecht and Deuel casts serious 

doubt on the validity of Verzar explanation 

of the unique rate of absorption of laevulose. 

This). 

n 
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This he attributes to a partial conversion of 

laevulose into glucose in the intestine, which is 

then phosphorylated, the ester being absorbed more 

rapidly then the free sugars. Mann has also 

suggested the intestine to be a site of the conversion 

of laevulose to glucose because of the failure of 

laevulose to revive moribund eviscerated 

hepatectomised dogs whilst it did revive hepatectomised 

dogs. The possible explanation of this is the 

ability of the kidney to convert laevulose into 

glucose. 

When liver slices are incubated in a 

physiological medium at 37 °C, formation of 

carbohydrate occurs. This increase has also been 

reported by Gemrnill and Holmes, part of this increa e 

being inhibited by insulin. They showed that this 

part was derived from protein and protein derivatives, 

and suggested the remainder was derived from fatty 

acids. This was criticised by Cori, who pointed 

out that the increases in carbohydrate in 

Gemmill and Holmes's experiments could be attribute . 

to the glycerol fraction of the Phospho- lipoids. In 

my experiments I :lave shown that: - 

(1) there was a gain in carbohydrate after allowi 

for the lactic acid produced by glycolysis 

end the carbohydrate oxidised, both of which 

were measured. 

(2)). 
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V6) there was a corresponding decrease in fatty 

acids, large e nodrch to account for the 

calculated fatty cids oxidised (from the R.O. 

end ox:rcen uptake) and the gain in carbohydrate. 

(3) the Tlycerol derived from the fatty acids which 

disaopea.red could only account for a fraction 

of the gain in carbohydrate . 

(4) the protein metabolism (as indicated by the 

N.P.N. and the urea + ammonia formed) could 

not account for the carbohydrate gained. 

(5) iTo si :nificant change in phosphorus could be 

detected, so that the increase in carbohydrate 

can not be attributed to the formation of 

reducing triose esters, nor to the phospholipoids 

from which it .riay be concluded that fatty acids can 

be converted into carbohydrate. In view of the large 

amount of oxygen required, which I was unable to 

account for, to bring about such a_. change, and the 

ability of the conversion to take place under 

anaerobic conditions, the presence of an unknown 

oxygen donator is indicated. 
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S U IT Ní A R Y. 

1. No "fructogen" could be detected in the tissues 

of rats fed on laevulose. 

2. The arterial and venous blood L evulose levels 

are the same. 

3.. The direct conversion oi laevulose into glucose 

by the liver and kidney is shown, and the fa.ilur 

to do so by brain, spleen, cardiac and skeletal 

muscle and by intestinal muscle and mucosa. 
M 

4. All balance sheets with liver slices showed an 

apparent gain in carbohydrate, whilst the other 

tissues did not. 

5. The increase in carbohydrate can be increased 

by feeding the rats on a high carbohydrate diet 

and reduced by starving. 

6. The increase in carbohydrate corresponds to a 

loss of fatty acids. 

7. Evidence for the presence of an unknown oxygen 

donator is suggested by the increase in 

carbohydrate and the loss of fat occuring in 

liver slice experiments carried out in an 

atmosphere of nitrogen and the failure to accoun 

for the large amount of oxygen required to bring 

about this conversion under aerobic conditions. 



APPENDIX `11 1 IX. 

Estimation of Glvco,;en in Tissue. 

Kermack, Lambie and Slater. r;iochem. J. 23.416.1929. 

I odified Method. 

About 10 gms tissue or liver are dropped into 

an equal volume oï hot 60% KOH solution and the 

mixture heated in a boiling water bath for 6 hours, 

after which time all the solid material will have bee 

destroyed. The mixture, after cooling, is washed 

quantitatively into a 100 ml centrifuge jar, and 2 

volumes . of alcohol added. After standing for 20 hairs 

the mixture is centrifuged, and the glycogen washed 

twice with 66% alcohol, then with absolute alcohol 

and finally with ether. The Glycogen is now dissolve 

in 25 ml 2% HCL and heated on the boiling water -bath 

for 4 hours, cooled and made up to 250 ml. 0.2 ml 

'of this solution are used for estimating the glucose 

in the solution bythe method of Hagedorn and Jensen 

from which the percentage of glycogen can be calculat 

Estimation, of Total Carbohydrates by 
A 

S. 0c )coa, Biochem. Zeit. 227.116.1930. 

Place about 0.1 grams tissue in 5 ml 6% H2SO4 

and stand in boiling water -bath for 3 hours. Break up 

the tissue with a glass rod after 1/2 hours heating. 

Add) 

d. 
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Add 5 ml 10% I-Lg504 and after cooling make up to 

25 ml. Filter and E..dd AR. BaCO3 to filtrate in 3 

lots of 2gms each at intervals of 15 -30 minutes. 

Shake until neutral to Litmus. Filter with suction. 

To the filtrate add 1 drop Saturated xla2'304 and a 

knife point of zinc dust. Filter and carry out sugar 

estimations on filtrate. 

Estimation of Acid Soluble Phosphates in Blood. 

P. Eggleton. J. Physiol LXV111.193.1927. 

To 10 ml water in a 6 by 1" Pyrex tube add 

2 ml oxala.ted .blood. Mix and add 2 ml 20% 

Trichloracetic acid, mix and centrifuge for 5 minutes. 

Filter, and to 7 ml ( =l ml blood) add 1 drop 

Phenolphthalein and saturated Ba (OH)z,until just 

alkaline. This stage is best carried out in a 25 ml 

centrifure tube. The above stages must be carried 

out as quickly as possible but when alkaline it is 

advisable to let them stand for about half an hour. 

Centrifuge and wash the prtciä.tate with 2 ml N/4 

Trichloracetic acid neutralised with Saturated Ba 

(OH)2 adding the washings to the decanted liquor. 

The precipitate is dissolved in 1 drop 8 lyiEM 

and washed into a 25 ml graduated flask. The soluble 

fraction is likewise made up to 25 ml. The phosphates 

are) 
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are estimated in five fractions. 

(1) Phosphagen. 5 ml of the solution of the soluble 

traction is pipetted into a 6 by 3/8 Pyrex tube 

graduated at 10 ml. 2m1 5.5N H2SO4 solution added 

and 2 ml 5% ammonium molybdate. Allow to stand 60 

minutes then add 1 ml 15% Na2S027H2O. Mix and allow 

to stand fJ-r 30 minutes. Compare in Photometer :.fter 

centrifuging. 

(2) Phosphagen plus Soluble Esters. 5 ml of the 

solution of the soluble fraction is pipetted into a 

6 by 1" Pyrex tube and boiled down with 2 ml 5.5 NH2S 

solution.Ash using perhlrol until a clear solution is 

obtained. Cool, wash into a 6 by 3/8" test -tube 

graduated at 16 ml, dilute to about 6 ml, add the 

remainder of the Phosphorus reagents, mix, make up to 

mark. Allow to stand 30 minutes and compare. 

(30Ortho- Phosphate. 5 ml of the solution of the 

insoluble fraction Ere treated in the same way as (1) 

(4) Ortho-phosphate + Pyrophosphate. 5 ml of the 

solution of the insoluble fraction are pipetted into 

6 by 3/8 testube graduated at 10 ml. 0.5 ml 8 N 

Hydrochloric acid is added and the teatube placed in 

a boiling water-bath for 7 minutes, Cool, add 1.3 ml 

5.5 N Sulphuric acid 2 ml ammonium molybdate solution 

1 ml sodium sulphate solution, make up to mark, mix, 

allow) 
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allow to stand for 30 minutes and compare. 

(5) Total phosphorus in the insoluble fraction. 

5 mi.of the insoluble fraction are treated as (2.). 

Phosphagen 1. 

Soluble esters including 
hexose diphosphate. 2 -1. 

Orthophosphate. 3. 

Pyrophosphate. 4 -3. 

Insoluble esters. 5 -(4 +3) 

Estimation of Inorganic and Organic Phosphorus 

by Briggs. 

Pipette 2 ml oxalated blood into a 10 ml 

graduated flask, add 2 ml 25% Trichloracetic acid, 

make up to mark with distilled water and filter fter 

standing 10 minutes. To 5 ml filtrate in a testtube 

add 2 ml 5% acid ammonium rnolybcìate, 1 ml 1% 

hydroquinone solution and 1 ml 20% sodium sulphite. 

Dilute to 10 ml and compare after 30 minutes against 

a standard phosphorus solution made up in the same wad 

Estimation of Total Sugar. Hagedorn and Jensen. 

Measure 0.2 ml blood into a testube containing 

10 ml of 0.45% zinc sulphate solution and 2 ml of 

0.1 N sodium hydroxide. The blood is washed out of 

the pipette by repeatedly sucking up the contents of 

the tube and allowing them to drain back. Place the 

tube in a boiling water -bath for three minutes, cool 

and) 
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and filter through a 9 cm filter paper. . 

To exactly 2-0 ml of the N /200 ferricyanide 

solution add 6.1 ml of the filtrate (Which contains 

0.1 cc of blood), using a large boiling tube, and 

heat in a boiling water -bath for fifteen minutes. 

Cool.by immersing in cold water. Add 2 ml of the 

sodium chloride -zinc sulphate solution-(25% NaC1 

. 5 %. 2nSO4) 2 ml of 5% .potassium iodide, 5 ml of 3% 

acetic acid solution and a drop of starch solution. 

Titrate with N /200 sodium thiosulphate solution. 

Carry out a blank estimation. 
0.005 (B -A) 

Glucose in mgms% = 0.1735 (B -A) + . 2'1- 
t B -A) 

Where A= the titration value in ccs'N /200 of 'Unknown 

and B = the titration value in ccs N/200 of blank. 

Estimation of Laevulose in blood. 

Stewart, Scarborough and Davidson. Edin.Med Journal. 
1937. XL1V.105. 

2 ml blood were pipetted into a boiling .tube 

contáining 14 ml water. 2 ml of 10% zinc sutphate 

solution and 2 ml N sodium hydroxide were added. 

-After thorough mixing of the contents, the tube was 

heated in a boiling water -bath for three minutes, 

After. cooling, the mixture was filtered through a 

9 cm.. filter paper. Ten ml of the filtrate were 

acidified) 



115. 

acidified with two drops of 1% acetic acid, and were 

evaporated by free boiling, in a tettube graduated 

at 4 ml, to just under the mark. The residual soluti 

was then made up exactly to 4 ml. Four ml of 6N 

hydrochloric arc id and 0.1 ml of 20% alcoholic 

diphenylamine were then added, End the tube, after 

shaking, was placed in a briskly boiling water- bath 

for fifteen minutes. After cooling, 10 ml of butyl 

alcohol and 2 gms of solid rlmonium sulphate were 

added. The tube was stoppered and briskly shaken. 

The upper alcoholic layer was pipetted off into a 

centrifuge tube, about 20 Hems. of anhydrous sodium 

sulphate were added, and, after shaking, the liquid 

was centrifuged for five minutes. The supernatant 

blue solution was compared in the phototheterr which 

had been previously standardised using solutions 

of pure laevulose. 

n 
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