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D.rrlng an fnvestigatÍon of endogenous glucose turnover by

isotope dllution, ft was observed that rvhereas in healthy subjects

the fasting blood, glucose Level remaÍned relatlvely constant for

several hours, in untreated rnaturity-onset dlabetic subJects¡i.s' I

consÍEtent1y decllned. Because of this absence of a. steady 6tate, '

it was not possibLe to cal.crrlate glucose turnover fn the dÍabetlc

subJects. In order to determlne whether more prolonged fastlng

I,roì¡-td cause their blood. glucose leve1 to stablllze, two diabetic

patients were followed. during a forty-elght hour fast. Then

observed. that on.the second, morning the bJ.ood. glucose levels had' risen '

above those of the previous afternoon, and' that they a8aln fell through-

out the second da,y. Slnce a dlurr¡a1 I cycle of the blood. gÈucose l-evel

ln dfabetic subjects does not seem to be generally recognfzed, this

matter seemed. worttqr of further study.

An overnlght rÍse in blood. gluGose levels durlngft.sting

in diabetic subJects i¡as first observed. by tfatlehof m 1924 (e). I¿ter

Mollerstrom suggested. the use of this perÍodlclty Ín the management

of d.iabetes by tinÍng lnsulin therapy to precede the peak 1n urlne

glucose excretion (¡-6). In I9+9 flzzo connented on the generâ'I lack

of a'wareness of the dfi¡rnal rhybhra 1n the blood' glucose Level in

diabetes (Z). He studfed. natr:rfty-onset d'14þetic subJects durtng

regularly spaced. glucose feed.ings and found that the pre-feed'ing

= bloo¿ glucose leveLs showed a d.effnite d.il¡rnal pattern with naxi¡naI

leveJ.s 1n the morning. In splte of these varfouË stud'les, and' the

Ttrere 1s stf1.l a controver'sy regarding the use of the te:rts

"d.furnal" and. "cfrcadian" J-n descrlbfng 2l+-hour pe'rtodlcity (1) '

Diurnal w'ilL be employed, rather than clrcadfan)ír, thf' regard'-'It

witl not be used. fn the more restrlcted senge of d.eseribï.ng "day-time"

occurrences.
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recent Ínterest in the general field. of dlurnal biorhybhns (B - f:),
the end.ogenous period.icity of carbohydxate metabolfsn is not dlscussed

1n the current literature.

ftre ai¡r of the present stu(y was to obtaÍn more complete data

on the extent anci tining of the diurnal varlatÍon 1n the blood glucose

level fn healthy and dfabetic subJects dr:rÍng fastfng, and. to relate

this varLatÍon to that of other metabolites and. homrones.

STIBJECIS AND METHODS

Five.healthy and flve r:ntreated. maturity-onset diabetlc subJects
.'.,

were studied. fhe pt¡ysical eharacterfstlcs of these subJects are outlinèd

tn tbb1e"l. In alI subJects a hemogra:n, urinalysls, blood urea nitrogen

J-eve1, and liver proflle,were withfn nor-¿¡¿I limÍts. AIt the healthy

subJects had a norr¡ir1 oral glucose tolerance test (fl+).

Ttre diabetlc subJects had been taking tolbutamide or

chlorpnopamide before the etudy. îwo subJects, S.i. and C.K.,

had been on fnsr¡-lln therapy wlthfn the preceding year" TolbutsmÍde

vas discontinued for at least two days, and chÌorpropami.de for

at least two weeks prior to admission to the metabollc ward" At

the tlrne of admlssion, the fasting blood glucose leveLs in the

various subJeets ranged fron 168 to 260 ne/roo nJ..

Durlng the study the subjects were conffned to the netabolÍc

ward" For three days prior to the starvatfon period they were

given a standard" dfet containing mâ,intenance calorÍes, of whfch

1! percent were derived. from protein and 45 percent from carbohydrate.

Tlren, after a l4ihour overnight fast, the three--day starvatj.on

study connenced. OnIy uaterr" black tea or coffee were given dúing

thts tlure. Thrlrty n-l of venous btood were taken at B alm. on the

ftrst d.ay, and. every four hor:rs thereafter. Four-hour vofded

url1e -qpeclmens were also collected. to coinciae wlïn the blood.-saì1ples.



The blood samplee for glucose analysls were stored. overnÍght at

4 oC. The serun, plasrna and urine sanpJ.es were stored at -ir oC for

later analysis.

Levels of blood and'urine glucose, serum and urine inorganic

phosphate, and urine urea nitrogen were ¡neasured by means of a

Technicon Autoanalyzer. Plasma cortisol levels were measrrred by

the method of Murphy and. Pattee (f¡). Serun lnsutln levels were

measured. by the radlolmnunoassay of Morgan and Lazarow (f6). Serun

free fatty acfd levels were neasured by the method of DoLe (17) 
"

Serum and urlne ketone levels lrere measured by the rnethod of Nad.eau,

which detects acetoacetate plus acetone (fg). Sen:m triglyceride

levels were measured by the nethod of van llandel and Zilversmit (fg).

Urine urea nÍtrogen excretLon was used. as an lndex of

protein catabolism. !,Jhen compared on the urine samples from one

subject, lts ratio to the total nltrogen excretion, as measured

by the nicro-Ifield.ahl method" (z$ was O.86 * SÐ 0.05 on the first

day and 0.71 É SD O,O]+ on the third aay (af).

Serum insìûin J.evels in subjects S.J. and C.K, who had

been on recent fnsr¡Iln therapy, lrere greatly elevated apparently

due to interference with the lnmunoassay by lnsuJ-Ín antibodj.es

in the subJects' sera (eZ), and are not presented.

RESULTS

A].I the measurements on the four.-hour blood and. urÍne

sarnples fron the individual. healthy and. diabetic subJects durlng

the three-day starvatlon perlod are presented. Ín Tables 2 and l.
,|¿
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llre levels of each moÍety were exar¡-lned for day to day changes

and for within day changes by analysis of varíance (ZÐ, Probabilfty

Va1ues for those changes which are statistically'sÍgnlficant at

the 5 percent level are presented in tbble 4.

Day to d.ay variatlon uas assessed by comparing Þy I

levels with the mean of hy 2 and. Day I tevels, and Day 2

Levels with Day I J-evels. ltre results of thts analysls appear

on the l-eft sid.e of Table 4. ÛlithÍn day variation was assessed

by analyzing the combj.ned d.ata from the three days for slgnificant

quadratic and linear components. fhe resr:lts of ttrls analysfs

are on the rfght slde of Table 4" A quadratic component |s one

with a single centre of crrrr¡atufe, and. therefore lts presence

within 2\-hour perlod.s fnd.icates a dfr¡rnal cyc1e. A llrear

component usually res\¡lted from a steady rj.se or fatl throughout

the 72-hor:r period, but fn thls case it was accompanied" by

signifÍcant day to day variatfon, and d.oes not lnd'icate a d'iurna-l

cycIe. In the absence of day to day variatton, a sÍ-gniffcant

llnear component does lnd.ieate a d.iurnal cycJ-e. Tkris occr'¡rred.

only in the case of urea nÍtrogen excretlon in the d.iabetlc subjects.

IndÍvfdual and. mean blood glucose levels from the healthy

and. diabetfc subJects are presented in Figure I,2" In the healthy

subJects the mean blood glucose level declined durÍng the flrst day

from 87 to 64 mg/foO ml and then rematned stabLe" No

2' fh" probability values for the day to day changes and the

within day changeÊ in all the figures are presented fn Table l+;

and are therefore onitted from the text-
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slgnifÍcant diurnal cyele was present. In the d;iabetic subJects

the mean blood. glucose level feLL throughout the three-day

perlod. fron lpl to 3-L5 ng/fOO ml. In tlree of these subJects the

bl-ood glucose l-evels were w-ithin or near the normal "fasting"

range by the afternoon of the second day. Atso in the diabetic

group, a significant diuriral eyele lrIas superimposed cn thls

general declfne ln the blood. glucose level, l¡:ith Beak levels

occurring near B a.m. Tkrls cycle was best observed' Ín the subJect

r,¡ith the highest lnitial blocjd glucose level. Trr all su.bJects

the a.rnplltud.e of the cycle d.jm:in1shed. d.uring auccessive d.ays as

the blood. glucose level fetL" fhls corretatlon between anplftud-e

and" Ieve1 (r = O.B5¡ p I O.Ol) fras atso been d.escribed' for other

d.lurnal biorhYbhms (al+, zil,

ftrts ampJ-ftud.e-Ievel relationship 1ed. Sollbêrger (a6) to"

describe method.s for the conversion of diwnal biorhytt¡m data

Ínto relative values, in ord.er to make cycles occurring at different

levels more comparable. The relative value is the ratio of the

absolute leveL to the base-line level" Tkre blood glucose data i-n

the present study were converted. to relatìve values, the base-IÍne

being derived" by the nethod. of noving læans (26) " fÌre average

relative values for the healthy and. the diabetic subJects are

shown Ín FÍgure 2" l'lcey d.enonstrate more clearly the d.furnal cyele

fn the d.labetlc subjects, and" the random varlation 1n the healthy

subJects, tÏ¡an d.o the absolute values pi-otted in I'lgure l.

Glycosr:riad'fd'notoccurinthehealthysubJectsand.

ln three of the diabetic subJects. Tfie other two dlabetic -subJects

had. onJ.y traces of glucose in the urine'
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Mean plasma cortlsol leveLs from the healthy and the

diabetic subJects s.re presented ln Figure 3.- In the healthy subJects

the mean inftial cortlsol- level was 10 ug/fOO n1. In the diabetic

subJects the mean initial. leveI vas 20 ug/fOO rT1, vhich is

signifÍcantly hleher than that of the healthy subJects (t=a.6\,

p < 0.05). The rnean plasma cortisoJ- Ieve1s rose during starvation

Ín both groups, but remained. signiflcantly iuigher fn the dlabetfc

group throughout the three-day perlod. (sign test for d.ifferences

between meansr p ( 0.001). The degree,of rÍse vas not d,ifferent

in the two groups (t - 0.14, p > O.B). By the mornfng.of the

rean levels T{ere 19 dfOO ¡n-I 1n the healthy subjects

and JO ug/fOO m-t fn the d.iabetfc subjects. SuperÍmposed on the

general- rlse ln mean pJ-asma cortÍsoJ. level-s there vas Ín both

grouBs a rnarked. dir¡rnal cyc1e, with peak levels at B a.m.

Senrm insulln J.eveJ.s fn the healthy subJects, and i¡

the d,:iabetfc subjects trho had not received Ínsu-lfn ''w:ithin the pre-

vlous year, are shoun ln Figure 4. fhese leveIs, especial-ly 1n

the healthy group, fluctuated. ln an apparently random nÞrucer. There

'were no significant d.ay to day changes or wlthin day changes in

either group. The serum insulin levels were rvithin much the same

range ln all- the subjects, with the exception of those 1n the

non-d.iabetie subJect K.Y., which were distinctly hÍgher. fhis

was presumabLy related to her obesity (27),

Ivlean senrm and r:rlne lnorganic phosphate ]-evels, and.

urlne urea nltrogen levels, are presented" in Figure ). ïn both

the healthy and. the dÍabetÍc subJects the serum and rr ine phos-

phate levels were hlgher during the second and third, ¿ays tfraü

dwlng the first'day.' In the hea-lttry subjects signiffcant diurnal

cycles were not present. In the d.fabetlc subJects diurnal cycles
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were present in both the serum and. urine Levels. fhe peak serum

phosphate levels occurred. near l+ a.m. The i:rine phosphate

leveJ.s varled. reeiprocally with the serum levels. lhe urea

nitrogen excretion did. not" show signlficant day to day variation

in either the healthy or the diabetÍc subjects. A sfgnificant

d.iurnal cycle was not present in the læalthy subJects, but was

present in the diabetic subjects, w:ith higher values d.uring the

day-time perfod".

Ind.:ividual and. mean serum free fatty acld. leve1s are

presented ln Figure 6. ïn the healthy subJects the mean level

rose during the study from 0.7 to 1.8 mEqr/I, and. 1n the diabetic

subJects from l-.0 to 1.7 mEq/L. The initial level in the d.iabetLc

subJects was higher (t = 2.3Q, p = 0.05), whereas the mean rj.se

was lower (t = a.35,'p < 0.05), than in the healthy subJects. A

diurnal cycle vas not present in efther group. It may be noted

that there l^ras Iittle, ff any, rise in the sertrm free fatty acid,

levels in the overwefght diabetic subjects S.J. and. C.K. dr:ring

starvation, and. that the rise in the overweight non-diabetic

subject K.Y. was aLso somewhat less than that of the other menrbers

of her group.

Individual and mean serlm ketore leve1s are presented.

fn Flgure /" fn the healthy subJects the mean level- rose from

0.9 to f .\ ne/tOO d, and. In the d.iabetic subjects from 0.9 to

L3.2 ng,fkoo nù. lhe inltiat ].evels were the same 1n the two

grotlps, and. the lncrernents were not significantly different

(t = t.5\, p > 0.1). Ho,rever, rv:ithin the diabetic eroup the

response to starvation in the tl¡o slend.er men llas dlåtlnctly

greater than fn the three overweight women. A sfgniffcant dir:rnal
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cycle in the serun ketone levels was not present in either group.

fhis nay be because of the very low levels near the beginning of

the study. fnspection of the data from the third day in the dlabetic

subJects suggests that a cycle was beginning to emerge

Mean urine ketone excretÍon is presented' in Flgrrre 8. fhe

mean excretion rose during the starvation period in both the healthy

an¿ the diabetlc subjects. A significant d.iurnal cycJ-e r¿as not present

in the healthy subjects. A well marked d.lurna1 cycle lras present in

the diabetlc subJects, w:ith peak values between 4 and. B a,m.

Mean serum triglycerid.e J.evels are presented- in I'lgure

g. In the heaS-thy subJects the mean level fell sfgnificantly from

L27 to 94 mg/fOO ml by the evening of the second day, but rose to

near its initial value on the third, day. A d.ir¡rna] cycle was not

present. In the diabetic subjects the mean leveJ. feIL durlng the three-

day period from an initial value of 151 nrg/fOO m}, which is not signif-

icantly dlfferent from that of the healthy subJects (t = t.tar ! ) 0.2),

to a fi¡aL r¡a1ue of 114 ne/fOO n'ü-" A signlficant d'iurnal cycle was

present, wlth maxirnal levels between 4 and- B a.m.

A sumnrary of the find"ings dr.:ring the three-day staruation

period in the heatthy a¡¡d. the diabetic subJects Ís presented. 1n Table l.

D]SCUSSTON

A diurnal cycJ-e t¡as superlmposed upon the overall decllne

Ín the blood. glucose leveJ- 1n gntreated" maturity-onset d.labetic

subjects during three days;,reg starvation. The peak blood glucose

J-evels occurred. near B a.m. fhe a,nrplltude of the. cycle 'u/as proportional

to the blood g;lucose level. [hese findlngs confimt and.. extena irevious

observations by lÞ.tlehol (2) an¿ Hopnrann (eB) in fasting subJects,

and. by Mollerstrom (l-6) and. J:zzo (Z) ft fed. subjects.' [tre diurr¡al
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cycle does not appear to be related to food. or actj.vity, for it persists

not only d.uring totat starvation, but al.so during alterations in the

feedÍng pattern (7), and compJ-ete bed rest (2)..

The presence of a diurnal cycle of the blood. glucose level

Ín heatth has been controversial (ff). It uas not demonstrated in the

present s*r,uff" Tlie faitl¡re lCo do so may reflect the observed'

corelation between amplitude and. Ieve1. fAre amplitúd.e of the cycle

at normoglycercic levels may be so small that it is not statistically

detectabte 1n smaJ.J- groups, by the present.method.s. '

ftre d.iurnal cycJ.e of the btood. glucose J.evel- in the diabetic

subJects fn the present study Ís ln phase with an hepatic glycogen cycle

which has been observed in several species (e5, 29). [hls glycogen

cycle also perslsts d.r:rÍng' starvation. An attempt to demonstrate an

hepatic glycogen cycle in man by means of Liver biopsies (30) iuas

inconclusÍve. Stuù1es of human llver temperatrrre suggest tlrat such

a cycle nray be present (i:-). The minimal temperature.in the early

morning nray reflect the endothernlc reactions of hepatlc glycogen

storage.

Urine nitrogen excretj.on in rabblts paraLleJ.s their hepatic

, glycogen content (Zg). SilmlJ-arly, the urea nitrogen excretÍon in the

present d.iabetic subjects paralleled. their blood. glucose level" Ït

\ 6eems unllke1y that this urea nftrogen cycle vas rel-ated. to d.iurnal

changes in renal function, for not onJ-y was it out of phase rvith glom-

erular filtratlon (f), Uut also ít dfd not occur in the heaì-thy subjects.

Therefore the relatlonships between the blood. gl'u"ouu, hepatic glycogen,

and. urine nitrogen cycles in the various species" suggest that the

peak in the bLood. glucose eycle in the present diabetlc subJects was

related. to enhranced. hapetic gluconeogenesÍs 1n the early morning.



* rl,. -

Alterations in peripheral glucose utllization may also

have been a factor in producing the blood gùucose cycle in the

diabetic subjects. This is suggested by the coj-ncj.dence of the

pealcs in their serum phospnate and. bloorl glucose leve1s, although it

should be noted. that phosphate excretion was rainimal- at these times.

The absence of the cycle in the serum free fatty acid levels, which

would' be expected to accom*oany changlng peripherar glucose utllizatlon'

may have been due to such factors as the J-arge dlffe:iences in l-evels

among individuals, the labÍlity of the serun free fatty acid }evel (32),

and. the bufferÍng effect of the tissue free fatty acÍd reservoir (¡¡).

fhat there'was Ín,'fact a diurnal cycle in free fatty acid" release

from adipose tlssue 1n the d.Íabetic subJects, Ín phase 'with that of

the blood. glucose cycle, is suggested by the rhyblunicity of the r'rtne

ketone excfetj.on and. the seru¡n triglyceride Levels in this group. The

peak ketone ard" trÍgJ-ycerid.e levels occurred. between 4 and B a.m.,

suggesting their enhaneed. hepatic production from serum free fatty

acid"s at thls time. TLre presence of a ketone cycle in d'labetes has

previ.ously been o¡servea (6).

Thus, there is evid.ence to suggest that the d.iurnat cycle

!n the blood. glucose level {n d.iabetic subjects nay be d'ue to rhybhm:ic

alterations in both hepatic glucose production and" 1n peripheral

glucose utilization, Althowh the cause of these changes is unknown,

it is reasonable to specu.l-ate that they may be rel-ated. to the cycle

ln the plasma cortisol leve1 (¡4) " TLre dual role of cortÍso1 in

stimulating hepatic gluconeogenesÍs (35, 36) and 1n impairlng peripheral

glucose útiatie (Zl -:9) is weII estabLished. The plasna cortlsol-

rhythm perslsted. d,uring starvatj.on, confirraing prevfous sf,udies in

mice (40). $re b1oód. glucose and plasma cortisol cycles colncided. ln

tlme, rrlrith peak leveLs near B a.m. fhe alteratÍon of the liver
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glycogen cycle in chickens by light-d"ark reversal (2r) is consistent

r¡ith its regulation by plasma cortlsol under the cyctic influence of

adrenocortlcotropi.r (311, 4r, )+z). UnforLunately, ¿i"u"t evÍdence

from studies of the liver glycogen cycle Ín adrenalectomized animals

is conflLcting (8, Z>), In order f\rther to exam:ine the relationship

bet'ween the blood. glucose and the plasma cortisol cycles in man,

studies cor¡Ld. be carried. out ln diabetic subjects to see whether the

blood. glucose cycle ls altered. by light-dark reversal (h¡), and" whether

lt persists followlng total blindness (44), and. adrenocortical insuff-

iciency or h¡perfunction (¡4).

It is noter,rorthy that while the plasma cortisol cycle in

fte d.iabetic subJects'was sl-mlLar to that of the healthy subjects, the

plasma cortisol level in the clfabetÍc group r^ras higher throughout.

fhis confirns other recent reports of elevated corticosteroid levels

tn both the blood and. urlne in d.iabetes Q+5-\7), These findÍngs

suggest that cortisol prod.uction Is increased in ð:iabetes.. fhe role

played by dirninished" detoxlfication of cortisol (48) le unclear, for

in liver disease, r+here d.etoxification is impaired., serum corti-

costeroid levels are not elevated and. urine levels are low (l+p).
í,

FlLevation of the plasnra cortisol levels was not related to obesity

in thts stu(y, and. it has been shown previousJ-y that d.espite fncreased.

corticosteroid. excretion 1n obesity, plasnra levefs are normal or low

(50, 5I) " fhus, the avalLable evidence suggests that functionaL

adrenocortical hyperplasla nray be one of the components of the diabetic

state.

It seemed like1y that the absence of a signlficant diurnal

cycle in glucose and. related rnetabol-ltes in the healthy subjects

was due to dampÍng of the glucose cycle by the secretÍon of insulin.

ïn the diabetic subJects, on the other hand, Ít seemed. probable that
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an ineffectuaL insuJ-in response allowed the cycles to become manifest.

However, cyclic changes in the insulln leveis in peripheral venous

blood were not d.emonstrated in the healtny sub¡ects. This may have

been due to trapping of end.ogenous portal venous insuJ.lnþ the l1ver

\52, 5il, or it nay indicate that insuJ.in fs not the maJor factor

vhich governs thls aspect of blood glucose homeostasis.

In addition to diurnal rhyLhmicity, some other metabolic

aspects of starvation appear in the present study. The decJ.ine in

the fasting blood. glucose level l/as presumably related to d.ecreased hepatic

glycogen reÊerves. Its extent in the diabetic subjects seems

noteworthy, and recalls the therapeutic use of perlodic fasts in the 
\

pre-insuJ.ln era (:4). lhe absence of a change in the serun insuJ.in

level upon carbohydrate withdrawl-, despite lowering of the pancreatic

insulin content (SÐ, confi.rms all but one (16) of previous studies -'

ßl-SÐ. fhe serum and urine phosphate leve1s lncreased duÍing

the three days of starvation, while the urine urea nitrogen level did

not change. ïhe response of these level.s in other studies of short starvation

periods has been variable (Z;.', 57, 60), and probably reflects

the preceedfng lntake.

The rise in the serum cortisol leveL d.uring starvation

confi¡rns previous observatj.ons in man (60, 6t), ana in mice,(40).

It may be due to impaired cortlsol detoxiflcation, since urine

.- corticosteroid J.eve1s concomitantly cliministr (60):, The increased

sel:um cortisol level ín s'tarvatlon may play an adaptive role by

enhanci.ng gJ-uconeogenesis

ftre presence of c.;an elevated serum free fatty acid level

in diabetic subjects after an overnight fast ls well knor¿n (62)_.

Slight elevati.on of the fasting serum total- ketone level. has also

been observed (6i - Tkre abeence in the present study of el-evated

serì.un acetoacetate and. acetone ].eve1s Ís consistent with the
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observation that beta-hydroxybutyrate may be the most labile of the

serum lcetone bod.ies (64). Tl:e response of the serun, free fatty acid.

and" serurn ketone levels tO starvation r,¡as Less in the ovenreight

subjects, particularly ln those who were d.iabetic, than in the slender

subjects. It d.Íd not appear to be related. to sex (65). The lnfluence

of obesity upon thÍs response has previously been reported. in non-

diabetic subJects (66 - 68), lut comparative studies Ín diabetic

subjects appear to be lactring. It seems likely to us that the lesser

response ln obesity is not due to d.1mÍníshed. free fatty acid mobil-

ization, as has prevfously been suggested (66 - 68), lut'rather to

lncreased. util-ízation to neet the greater caloric d.emands ofthe

obese state

fhe serr¡n triglycerid.e levels in the healthy subjects

showed" a biphasic response, falling first, and tlæn rising to near

thefr initial level-. Ttris may reflect d.e1ay in conversion to amino

acld.s and glycerol instead of glucose as a source for hepatic

alpha,gl¡¡cerol phosphate during starvation. In the díabetic subjects

the lnltlally elevated serun trigtycerld.e leveJ. steadlly fell during

the starvation period., perhaps ref-lecting the subsLdence of

carbohydrate-induced. hyperlipdmia fn this group (69, 70). Previous

observations (ft - 73) on the response of the serr:m trlglycerid,e

]-evels to starvation are inconclusÍve.

Finally, ft may be recal]ed that the preÈent stud.y ItaE

u¡ld.ertaken after an attenpt to measure endogenous glucose turnover

in diabettc subjects by isotope d.ilution had been unsuccessf\rl because

of the cyctic changes in their blood. glucose levels. *t: absence

of a steady state nay accsltnt in part for the glucose tuînover in

d.labetes in man leíng variously reported. as d'iminished (7\, 7r)

normal (76, 77), and. increased (78, 7ù, SÍnce the,measurement of
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of glucose turnover in the non-stead.¡r state by Ísotope dilution

poses a number of problems, the resolution of these differences rtay

be difficult.

SU¡/N4ARY

A d.iurnal cycle in the blood. glucose level- was observed. in

five maturity-onsèt d.iabetÍc subjects during three days of starvatlon.

Thre peak btood- glucose levels occurred. near B a.m. fhe amplftude of :í!

the cycJ-e was proportional to the blood. gLucose leveI. A diurnal cycle

luas not demonstrated in flve healthy subjects.'

The diurnal cycJ-e of the bLood. glucose level in the diabetic

suËjects correlated. wi'ch slmilar cycles j.n urine urea nitrogen

excretlon, the serum phosphate level, urine ketone excretion, the

serun trfglycerld.e level, and. the plasma cortisol level. On1y the

plasna cortisol cycle'was observed. in the healthy subjects. These

cycles were j.n phase with an hepatic glycogen cycle which has previousl-y

been observed. fn several animal. species. 'Ihese relationshlps suggest

tlrat the bloo{ glucose cycle in the diabetic subjects is due to. rhy'bhnic

alterations in both hepatic glucose prod.uction and. peripheral glucose

utilization, perhaps resulting from cyclic changes in the plasma cortisol

J-eve1. Tne absence of these effects of cortisol in heaLth could be

d.ue to d.amping by the secretion of end.ogenous insuJ.in'

fhe initial fasting plasma cortisol leveJ. wa's higher in

the d.iabetic than in the healthy sr:.b jects " In both groups the level

rose durlng the starvation period., but remaj.ned. distinctly higher

|n the d.tabetÍc group throughout. Consid.eration of the present and.

previous evid"ence suggests that functional ad.renocortical h¡rperplasia

nay be one of the cønponents of the d.iabetlc state.
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We are indebted. to Dc. I¡/. F. Perry for the assays of

plasma cortisol and. to Dr, R. J. Cadoret for ad.vice .on the

statistical analysis of the data.
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TABLE 1

PHYSTCAL CTIARACTERTSTTCS OF' SUBJECTS

Group Subject Sex Age Height
(Inches)

Weíght
(Pounds)

Weight
(lo of ideal)

HEALTTTY 1. tr'. J.

2. S. S. G"

3. E. P.

4. E.L.

5. Iç Y.

DIABETIC 1, S. W.

2. W. D"

3. S.J"

4" R. A.

5. C" K.

M

M

M

F'

F'

oó

59

57

51

60

53

ì7 1¡I

70

47

59

70

63

72

1_ 55

140

1|7D
Ilr,,

131

208

131

161

137

202

206

96

103

101

100

158

100

L06

1" 1B

149

L74

M

M

F

I.

r'

64

64

62

0t

60

65

60



TABLE 2a - Blood levels during the three-day starvation period in healthy subjects.
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¿
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Day
4 4 72

rnn.
4B

Day 3

4Bt2
mn"
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am"
T2
n"Moie ect am.

Blood
am am. am"
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n.

72
mn"

51

of
65
7T
63

11
Õo

6

t2
16
11

24
53
13

B

16B
53

am.
59
Ðó

6B
IJ

79
66

11
16
I
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¿J
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am.
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72
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o

7
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32
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16
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6

IJ
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69
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6
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S. G
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(*g/ E. L"
100 m1l o Ko Yo

Mean

Plasma F" Jn 13
Corti* S" S,G. 13

sol E. P. I
(ue/ E. L" G

100 ml) K" Y. 10
Mean 10
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22

_4
116
44

2B
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2
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Mean 44
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3.8
3. B

3.5

3

0

5

6

4
4

to
3.4
3.5
'). f

3"4
ó. 4l

3.2
3. B

3.4
3.7
ô. á
3.5

o

Ð

"5
.5
.3

0

3

4
7

5

t

3

3

J

o

3

3

3. 1

3.4
3. 5
3"5
3.7
3.4

3. 1
3"2
3.2
3.8
3. B

2A

2.8
3.2
3.5
4.7
3.7
3. 5

3.0
3.2
2^
ÐoÐ" O

3.5
DÅù"'t

4
5

4
À.a

4
I

5

,)

3
a

3

3
q

1

4
4
4
5

4

e

J

3

.)
e

e

3.0
DEU..J

J.0
3"6
ù. I

QÅ,

3.0
2.7
3.2
.)".)
.)"Õ
e.)

3. 1
ee

3.0
3.6
QO

3"4



TABLE 2a ** Continued.

Sub- B 2

Day L

4B t2
mn.

0

1" 36
0. B5
L.96
7"32
1" 3B

4
am,
1" 35
r. 92
0.7 4
1. B0

1. 10
f " .)cl

Day 2

4B

"49
.54

L2
mn. . pm"

4
am.
1" 59
1,69
1. 18
1. 99
I" 26
1..54

P*Y ¡4,8 72
mn.am

1

n
ÕÕ

oo

amam
72
n"

4
arrÌ.

L2
n.L{oíe ect

Serum F"J.
free S, S. G,
fatty E, P.
acids E" L.

(mpq/Ð r" y"
Mean

0" 65
0.76
0.3B
0.65
7. 12
0" 71

r.74
7,28
0.76
1" 51
1.35
t.2I

L.20
1.60
1.00
L" 64
1. 37
1" 36

1" 57
1."25
0. 98
1.70
7"28
1" 36

,46 1

.,)Õ l_

.11 1

. 86 1

,44 1

.45 1

"03 2

" 19 1
oo 1

.77 1

.62 1.

I Oôt" ()ó

1, B7

r.26
-1 " óÐ

1. 59
1" 59

arrì

2"74 1

1"89 t
2.36 2

7.42 1

1" 85 1

"0
1" 93
2" 30
r, Õo

1" 61

1:7 6

1" ?5
1" L9
t12

1" 99
I.7 6

t_

2

1

l_

1

1

16"60
"oo
.23
" 70

4"6
5"9
5.0
3.7
6"2
5" l_

I
o

ö
?

ôo

7

D
t)

tt

4
4
D()

A

oÔù"o
6"9
4.6
3.3
2.2
L'

J" ()

6.8
4"4
2.9
4"7
4"4

3" 0
4"8
3"3
1.5
2"5
3" 0

2.9
4,A
4.0
1.6
2.r
2,9

0

L

0
.̂l

1

.)

4

J
t

1

1

2

3" 0
2.5
,n
0,9
2.4

,2.3

2.3
2"7
t.7
0.7
r. b

I.7

2

2

7

0

7

2

1

2

1

0

0

1

2.3
0"9
0"6
0.0
1. 1

1,0

0.8
1. 1

7.7
0.0
0.8
0.9

1.
1.
0"
0.
1,
0,

00
T7

5B

B6

32
oo

.31
,89
,81
.10
.24
"Õf

.'1

1.
t
1"

1,

.60

.54
D1

" oL

" 91

,47
"57

1

1

1

1

I

.l_5

" 'f.)

"29
.7L
,52
"60

75
Ðb

10
()()

tt

1

l-

1

1

.L

/t

10"
6.
5,
6,
6.

Serum F"J.
ke- S"S"G"
tones E" P,
(rngl E, L"
100 ml) K. ]r.

Mean

Serlm F" J. 108
trygly- S" S. G" 105
cerides E. P. L20(-e/ E" L. rz9
100 ml) K. Y. \72

Mean L27

5"
c.

2 5"3

5 6.5
6 4.9

6"2
3,5
3" 5
4"8
5.2
4,6

L

L0"

^
6.
oo.
o"

Õ

4
5

1

0
oo

n
I

5

ó

0
oo

7

7"I
9.8
6.2
5" l_

8"6
7"4

5"6
9"3
6"7
6"2
5"5
6"7

4.
DJ"
/l

4"

5 6"0
0 2"9
6 3"7

115
704
t2B
L27
135
122

98
110
124
L22
170
725

tL2
101
117
725
156
L22

9B
B5

113
124
150
r14

105
74

137
198
161
135

113
61

L20
L27
166
117

95
93

t07
116
138
110

r14
B1

t20
9B

135
110

116
56
96
BO

t22
94

t26
Ð¡7Ðt

148
106
122
108

t37
42

131
tt4
116
108

L52
6B

151
t02
r24
119

159
67

138
106
115
117

L62
65

133
106
107
115

178
70

L46
L20
104
124

169
77

r44
L24
111
125

174
92

173
772
133
1.37

17n
II

L46
13l-
119
129



TABLE 2b ** IJrine levels cturíng the three-day starvation períod ín healthy subjects.

Sub- B-L2
am"

L2*4
pm,

D"y
Áo.*-c)

1

B*L2
pm.

L2*4
arn"

Day 2
Á,.*B B*12

Day
r''*B

3

B*12 L2*4
pm. affì,

'=€O

am.
B*L2
am"Moie ect

Urine
phos-
phate
(mg/
4 lnrl,

Urine
urea
nitro*
gen
(-g/
4 lnr)

Urine
Ke-
tones
(tr'rg/
4 lnr)

S" S" G"
E" P.
E. L,.
K" Y.
Mean

B1

B6

65
79
¿,0

70

F" J. 1090
S" S" G" 17BO

E. P" 2320
E" L, 1680
K" Y. 13 60
Mean 1650

4*B
a]1l,

0
/1 A
-l=

54
D'
LÌ r)

I25
D.).)¿

5B

750
13 60
700

7720
960
980

10. 3

8.2
4.6

t. t

10" 3

I

305
DOto

150
AO'ao

118

340
1220
143 0
1330
1 000
1060

A,
5"7

19" 5
51.3
33. 5

22" B

185
127
II7
I43
101
'1t/1t.)t

o

LL .
3i_5
roz
198
185

i.6 t- 0

420
2 500
660
960

123 0

34.1
49.3
21"3
48" 6

57"4
42" 1

L2*4
pm"

L2*4
âm,

67
59

160
74

I49

Áo
"r *O

am.
¡)

8*I2
am,

L2*4
pm.

255
110
1I2
B4

223
tÐ f

1B 0 5 1_

110
74

119
6l_

L02

19 50
1370
t_49 0

L230
730

13 50

67
714
91
2B

96

2860
570

1 590
650

7240
1380

66
,)¡

L04
1_2A

90

32" B

2.1,
3.6
7.9
4.7

1,0" 2

1,32

Ðt)

l_ 1B

66
90

t2L0
880

1010
1 140
930

103 0

10" 4
40" 6
L,

16. 3
4.5

L5.2

127
166
100
19

r29

LB4
745
190
46

136

e1/1o !-t

69
L¿'B

327
198

L77
1.02

181
39

133

1 590
1 050
22L0
153 0
910

14 60

9B
95

190
7B

12t

L320
840

22LA
19 00
1 510
1 560

B7

102
158
278
1/lOITO

163 0
l_l-70
1 580
820

1330
13 10

105
AA¿=

L52
1.26

L0B

4250
1300
1 900
1420
13 40
2040

2200
1 040
1 580
1 040
1100
13 90

237 0
I420
207 0
1660
TL40
173 0

47.5
26, 0
22,3
23,5
2I.5
28. 2

2500
107 0
231_0

L720
1 140
17 50

4L" B

22" 5
26"3
30"2
35"4
31.3

3200
930

2030
136 0

i_170
t7 40

DÀ Dt)'4..)

6.4
26"8
2L, O

32" 2
tÁ- 1

48 90
217 0
960

I 680
L200
218 0

95" 3

27 .0
I,7

36. 1

29"9
38.0

1680
113 0
1790
1390
11 10
I420

27"6
77.I
L7 ,4
25. L

48. B

39" 2

1B 04
1 094
t764
1 558
117 0
13 60

F." J, 0. 0
s.s"G. o"o
E" P. L2. 0

E. L, 0.0
K.Y, 0.0
Mean 2.4

9.6
0,0
0"0
3"2
0.0
2.6

21,.

0.
0n

5.
7"
o.

4
6

2

5

,)

4

3

0
p

2

I
I

IO

0.
3.
oo.
oo.
l.

20" B

44.4
38,4
28,5
35.4
BB,5
47 .0

28"7
AA,

18" 5

47 "B
7q,"2
4L.9

37" 0
57. B

32.2
27"8
82.7

ot
59, 0

Lg,4
õó" ¿

Ði" I
35.547"5



TABLtr 3a * Blood levels du-ring the three-day starva-ticn;oeriod in d-iabetÍc subjects.

Day 1

4B t24B
Day 2

4B t2
mn"

4

am"
Õ

am,

Day 3

4BSub: B t2
n.

T2

n.Moie ect am. mn" atî,- f am
106
12t
135
110
178
1-3 0

11
LL
1B

9

24
15

r)a

74
25
13
I't
1B

14
t4
25
5

34
1B

t2
n.

L2
mn.

4B
am. i am.

Blood
Glu-
cose
(mg/
100 ml)

Pla-sm a
c qrti.*
sol
(.rg/
100 m1)

S. W.
!V. D"
S. J"
DA
-Lìra ð.o

C. K"
Mean

S. W.
!v" D"
S" J.
R. A.
C" K.
Mean

L4
189
158
189
276
l-9 1

IJO

767
7Á,2

L52
234
166

23
15
l_6

5

20
16

oÀ

24
16
25

t23
139
124
123
190
140

T7

L2
13
5

15
L2

1t-0
t26
137
L20
160
13 i.

11
t2
20
2

1l
11

35
26
L4
25

' 9Ár

124
t26
115
1e0
130

101
109
7t4
107
r52
7t7

ôo

107
1L4
106
\72
117

1 10 0

20
T7
25
I

30
2A

125
127
137
2LB
142

ôo¿o

43
16
29

IT4
L20
125
202
L32

11
2t
20
13

1B

t7

29
24
19
24

95
115
101
198
LL7

oo

25
22
10
13
16

20
22
6

tb

oa

111
97

184
LL2

100
111
ôô()Õ

178
772

118
704
100
180
120

20
t7
25
15
L9
19

28
32
10
23

114
B6
B6

7tt4
109

7

2L
t7
19
16
16

116
95
84

r54
1r_ 1

115
ot
79

l_ 6B

tt2

111
Õo

IJ
i dorfo
110

L 4,)
B2

BO

r82
115

ôo

2t
24
3

20
13

5
o

1B

15
15
L2

20
1g
24
15
16
19

24
L4
13
17

t7
27
2t
1B
9?

27

23
23
1t
l9

11
15
40
L7
15
L7

25
L2
14'
L7

T7

15
23
19
10
<ô
IO

16
2l
L2
16

2t
2A

19
29
21
áJ

4T
30
11
try

26
32
23
44
,/1a=

30

38
55
T7

37

Serum
insulin
Çuu/m1)

Serurn
phos*
phate
(-g/
100 ml)

S; W. 33
TV. D. 43
Fu. A" 1B
j',üean 31

S. W,
!V. D.
S. J.
R. A.
C. K.
Mean

37
13
19
23

55
29
20
35

25
25
1B

23

27
40
L4
27

33
32
19
2B

24
30
15
23

3.1
3.0
3.6
J.Õ

3. 1

,)..f

3. 1

2.7
3.0
3.7
3.1
3.1

3.0
2.7
3.4
3.7
to
3.1

3

3

J

3

3

3

3.3
3.0
3.6
4"I
3.4
3.5

4
0

4
I
0

J

3

2

3

4
3
Ð
r)

3.5
3.0
,f .()

4.3
3.6
3.6

3.5
3.0
3.8
4"4
ù. o
3.7

6
o
o()

4

6

7

5

2

6

0

3

5

J

3

3

4
J

J

3

3

3

4

3

3

4
0
oo

4
J

o

3"5
3"1
4.2
4.3
3,5
ù. I

.)" Õ

3.2
4,0
A'
3.5
.)" f

en
Ð.1J"l

3. B

4.3
3"5
3" ?

.)
o
J

3

4
J
,J

a

0
ô
Õ

2

0

o

3

3

J

4
3

3

6

2

I
1
A

6

3

3

3

,)

ù

3

7

2

5

I
3

5

3"4
3"0
3.5
4,L
')".)
3.5

3"7
3,0
4"0
L9
,f . o
3.7

3,4
D1()"I

4,0
4,L
3"4
.J. o



TABLtr 3a -- Continued,

Sub- B 12
Day 1

4B 72
mn"

4
afiì.

Day 2

4B 4
arn 

"

D
4() I2

ay3
Õ

" .pm"
L2
mn,

o{)4812
am, n"

I2
mn,il[oie

Serum S" W"
free W. D"
fal'ty S, J.
acicls R, A.
1*nEq/i) c. K.

Mean

Serum S. W"
trygly* W'" D.
cerides S" J,
(-c/ R" A.
100 m1) C. K.

Me an

ect am. n"
2.12 1

1.43 L

0.98 1

1.38 1

0" 86 0

i.35 1

1.66
1.30
7.23
7" 40
0.77
1" 17

pm"

L.54 2

1" 31 1

L.44 1

0.?B 0

L.35 1

L.94 2

1.39 t
1. 05 1

1"24 1

0.97 0

1."32 1

1" 83 1

1" 36 1

L.47 2

0"85 1

I,42 1

aïìaïìn.am

47

0.B2 L

1.09 1

0.82 0

1.51 1

0. B¿, 0

7.A2 1

.1 .63
.21
,95

.09 .39
"oð
.79
"42
"7t
. L5

.80
L'

.07

.5i.

.56

.7I
¿-^

.75

. Ár7

.55
" to
.91

DA

âo. a)â

.30

"45
,72

AO. "Ì()
oe

"UU
. 1ó

.50 L

.45 1

. 09 1

,/,6 1

.81 0

.26 1

.06
"62
"04

"có
.i0
.56
"07

1

0

1

0

1

o

4
Õ

0

4
0

5
D()

0

2

J
D
J

2

1

0

1

1

1

3.1
.1 . Õ

1" I
1"9
1" B

2,3

4.1
0, ,)

1.6
7.2
2.0
t^

J. ¡

2.9
1.0
0.9
1t
1.9

2.5
r.4
t"2
1,0
0.9
L.4

,
ô
Õ

oo

0

1

4

1

1

0

1

0

1

áJ

{o
16

I
1

1

0

1

nÀ,l+

" o,f

. Á16

tl
74
35

32
05
fJ

B9
22

11,
,
o.
.),
6,

1

J
t
t)

1

0
()

o

5

7
¿_

1"

0.
1

0,
L"

L

0

1

0

1

1

0

1

0
.l

¿

1

1

0

1

5
o

6

5

4"
q

ö"
13

t B. 0
20" 0
AA
8"9
7"5

11. B

Ã

A

o

4
o()

1',.

,-
,'
o.

.o(
"o(

Serum S" W" 1.
ke- W" D. 1.
tones S" J" 0.
(me/ R, A, 1.
100 ml) C" K. 0.

Mean 0.

4

0

o

0

3
o

J

o

2

0
o()

o

12.

10"
J,

t̂
o"

oU

7
oo
t
o
J

0

11"
5.
1.
A

o"

o¿
5.0
1.9
,), ö
41
Àta'Ì" I

9.2
6"0
,,
¿, ,J

2.8
4"5

a"o
c"r
2.3
1" 5
to
ù. o

15"
11.
,).
o"
5"
ôÕ.

75
77

171
t 15
148
L17

"ât

61
72

L77
n2
728
1i-0

L9"t
1 10"7
1 l_0.7
6 3.0

10.7 15. 1 13"4

4 5.0
0 4"5

J

.)

6

o

0

J

1

5

1

2

4
I
6

0
o

L5"
L

o"
5.
q

2I.
L

7.
ô()"

11.

tr

^

1

2 6"8

o9
(JL)

L4L
25L
r22
159
151

B4
120
229
109
I64
14t

99
110
233
737
166
149

9L
96

2r2
111
151
132

109
95

274
L2B
174
L44

132
L24
274
116
189
t67

60
L23
223
I22
189
L43

o.)

108
207
l_3 0

166
135

64
72

192
94

142
113

77
72

2TL
96

139
1 1_B

75
6B

198
147
14L
126

60
o.)() /¿

1.7 6

100
130
110

44
70

169
702
774
100

46
66

119
95

1Ðtt-¿¿
ot

57

7L
r52
108
131
104

61
nnta

L63
70

L20
vÕ

65
ODot

1_86

11_0

L3I
117

,1
:
I



TABLE 3b ** Urine levels dr-rring the three*clay starvation pericd in dia-betic subjects,

Sub- B-12
am"

L2*4
am"

4*B
am"

B*L2
am.

1' -L
ä.m "

4*8
afn.

Day 1

12*4 a,*B B*Lz
Day 2

L2*Á, 4-B B*Lz 4.-B B*Lz
am,, am,

Day 3

ï2*4 4*B' B*LzL2*Á,

am"Moie ect
Urine
phos*
phate
(''.'g/
4 hr)

S. W"
w. D,
S" J.
R".4.
C. K"
Mean

pm.
10 çJn

4t 43 11

tt"Sl
4 hr)

Urine
urea
nitro*
gen

s. w"
w" D"
S" J.
R" A"
C. K"
Me an

q TÃT

w. D.
S" J"
R" A"
Co K"
Mean

3?0
1 690
13 00
L43 0
470

tÐ50

!Á,7 0
1620
13 00
1680
183 0
1 580

1r',0 0

i.010
1 280
t5Á,0
L390
1.320

t2t0
L3 20
10 00
1630
420

11.20

53" 6
/,6" 0

L4" 5
10" 7

1.9
25.3

620
2264
10 00
I230
610

1 140

30" 0
29,2
I.B

11" I
rf.o
19. 7

2280
1290
103 0
910

13 40
1370

15. 1

.)t"d

f".J
,oL
L5.4
20^9

930
980
660
?30
970
850

26. L

95.6
31. I
23"4
26. 5
40"7

91
1 c).)
I ¿J¿

tt
r23
90

101

117 0
1 400
2530
1 840
tóu

1530

52
95

tB0
127
L20
115

700
10B0
293 0

1520
10 50
1_Á"60

90
185
À,2

137
JO

9B

2LB
113
t+

707
ÛDt.)

717

2L0
1 100
7220
13 B0

940
970

100
172
111_

118
fJ

103

890
i.020
1 940
920

10/,0
1160

106
105
79
.)Á
a-t

74
oo

1010
680
900
870
220
7 Á,0

3t " 6
20" Ã=

2Á-
7"4
1.0

1.2.8

I¿,0
160
100
107
L7

105

163 0
1_460

980
1480
2Å,0

1160
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TABLE 4

Statistical significance by anal-ysis of variance of the day to
changes of the blood and urine levels in the healthy and diabe
the three-day starvation period. Cnly the probabilJty values
which are significant at the 5 percent level are shown.

GROUP
DAY TCI,DAY VARIATTON

Day L vs Days Ðay 2 vs Day 3
n!ô&'f,)
(p) (p)

õ

MOTETY

Blood Glucose

Plasma Cortisol

ierum Insulin

:m Phosphate

HeaLthy
Diabetic

I{ea111hy
Diabetlc

Healthy
Dlabetic:{'

Healt:Ly
Diabetic

Healthy
Diabetic

Heal'dey
Diabetic

4 0" 001
< 0. 001

<0.00.l.

<0.01
<0" 001

<0" 05
<0" 00L

<0" 00L
<0" 001

40" 001
<0.001

*<,0. 0i.

<,0" 05

CYCLE
rn{E

¡TTt"

'rn 
"

rn"

- 12 mn.

, -Bpm.

, - B am.

, -Bam.

m

)\

Jrine Phosphate

Irine Urea Nitro-
,gen

ierum Free FatLy
Äcids

;erum Ketones

Irine Ketones

erum Triglycer*
ides

FIealflry
Diabetic

Healthy
Diabetic

FIea1thy
Diabetlc

Healthy
Diabetic

0.001
0" 001

<,0" 01

40" 001
<0" 001

40" 05

"<0. 001

01
00L

0

0

3 subjects (see text)

<0" 001
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