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!♦ Purpose of the Thesis

It is the pwpose of the author to investigate some 
aspects of the role of glucose in the integument and to 
speculate os the wetting of the data ohta ined from this 
investigation. Also it is anticipated that the development 
and standardisation of investigative procedures in this study 
will not only help to carry out this investigation but will 
open up a new field of research.

The author will first review the know fundamentals 
of glucose kinetics and metabolism and then some aspects of 
glucose function in the skin will be mentioned. Following 
the latter discussion, abnormal glucose function in some 
dotes to logic disease® will be reviewed. Tint reminder of the 
thesis will contain: (l) the development end performance of 
the methodology and technic of glucose tolerance tests used 
in this investigation, (2) results and discussion of the data 
collected in this research program, (3) future research plans, 
ami (4) conclusions.
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II. Review of the Kinetics and Metaboliea of Glucose

Is any consideration of the role of the akin in carbo
hydrate metabolism of the body, the basic knowledge of glucose 
metabolism and kinetics has to be reviewed In detail in order 
to understand Chet role, the various factors which affect glucose 
absorption, transport, storage, and utilisation will be mentioned, 
toe actions of the various hormones cm glucose and the intracel
lular pathways of carbohydrate metabolism will be considered.

Ingested glucose is the major source of carbohydrate 
for the burner. body. Glucose is ingested in two forms, as a 
oonosaccharide or polymers, toe pelyeeetaed fora® are usually 
broken down to monosaccharides before they axe absorbed fro®
the intestine. The small intestine is the primary sit# of 

90,397
digestion and absorption. Glucose Is absorbed through the
intestinal wall and transported via the portal vein to the liver. 

323
Scow and Cornfield showed that in rate 67% of the measured portal 
vein glucose was retained by the liver and 33% entered the general 
circulation. Of the 67% which was retained by the liver, approxi
mately 37% was converted to glycogen, toe fate of the remainder 
was unknown.

toe concentration of glucose in the blood depends upon



t1ro fcactorB: <a> che rafce at which it eaters the blood from 
various sources, such as liver and intestine via the portal 
vein, and (b) the rate at which It leaves the blood, for 
<i) storage aa glycogen in the liver, made and other tissues,
(2) conversion to fat, certain amino acids, and other carbohy 
drat®#, and (3) oxidation by the tissues to carbon dioxide m 4  

****** •**** **** prothsetioo of hea^8a^l energy. Tepperraar. gave 
a more extensive list of factors involved in controlling the 
concentration of glucose in the blood. Those factors involved 
in tending to raise blood glucose are: (a) hunger, (b) glucose
absorption fro® the gastrointestinal (G.I.) tract and parenteral 
Sites, (c) hepatic glycogenolysic, (d) giucooaogaoesls, («) insulin 
antagonists, <£) "insuiinase”, and (g) dehydration. Those factors 
involved in tending to lower blood .glucose ar@$ (a) satiety,
(b) glucose diffusion throughout the body water, (c) exercise 
(non.insuUn dependent), <d) insulin secretion, which in turn 
leads to (1) increased glucose oxidation, (2) increased glycogen 
deposition, and (3) increased llpogenesis, (®) glycosuria,
(f) "anti lasulinase" and <g) hydration.

Koraally the level of glucose in the blood is regulated
so that its concentration seldom exceeds 160 sagX (shortly after a

358 349meal) or falls below 60 iag% (during fasting). The usual renal

4
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threshold £m glucose is a blood glucose level of 180 «§*. llien
this concentration is exceeded tbe Mood soil Is glucose into the 
349
urine, Bowever a wry well amount of glucose ie normal1>
present in the urine, because off incomplete absorption by m e
renal tubule®, oven though the threshold concentration has not
been emcaectod. llowever this very mall mount is not detectable
by the usual clinical laboratory teste. Blood sugar levels are
held relatively constant by a regulatory system that depends
largely upon synthesis and storage off glycogen in the r¥iW. 

215,216,217
Utoo and Btgath established that control off blood glucose levels
i® a function off the liver. When the liver was removed, blood
glucose fell steadily. The animal died unless constantly supplied
with glucose by intravenous infusion, Removal off the pancreas,
before or after hepa tec testy, did not prevent progressive sod even
fatal hypoglycemia* the depanereatised animal died sooner than
one with a pancreas. Iff the liver is removed fr« an animal
hyperglycemia induced by removal off the pancreas does not occur,

339
Soekin, Eeser., texiek, and Mann confirmed the importance off the 
liver in the radiation off the blood sugar. They measured the rate 
off blood flow through the liver off normal dogs and simultaneously 
measured the glucose content off blood samples taken from the blood, 
•’input and output88 -vessels. They found that raising the blood
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sugar level by administering l.v, desmrose caused the liver to 
Stop pouring glucose into the blood, and to take it up instead. 
This proapt cessation of the hepatic output of glucose lasted 
one ■hour.

Glucose enter® the liver either to be metabolised or
to be Stored ao glycogen. Hepatic cello are permeable to
glucose even in the absence of insulin, tiben glucose is used

315by the liver, phosphorylation i® the rate limiting step, toe
following reactions take place in the st̂ egê of̂ glucose as 

358(p .182) glycogeni

Phoephogiucanutaae* glUCO6CwO»P0̂  4»**»»**,i,***2™"**ee!,> 8 1uc<mmn»1*10 (C«1»B)

(c> G*leP uridine dlphoet»no-:»lucose fOBBGluridine tr Iphoephate z

tmw> Ij^tG^lycoasaa transferaseV v  uPFu ';lycogeo (i«4 linkage)

A branching &a*ytm (amylo- (1,4 1,6) *trenag 1 ycosida®e) is
required for the formation of the highly ramified glycogen molecule, 
tiliich contains 1,6 * linkages at the branching points.

In the breakdown of glycogen to G*l*p, splitting of the 
l ,6» linkages Is due to aoylo»l,6»gluc->sidase. Cleavage of the
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! ,4*li«$cage® of glycogen ie due to phospnorylase, Then toe f>i«p
Is converted to Q»Cmf by the enzyme phoephoglueoeuteee. At this
point glucose ie released to the blood from the liver by various
stimuli Ce.3.» hypoglycemia). 01 yeomen in muscle cannot lie

204
directly converted to blood glucose. In contrast to the ubiquitous
hexokinase (glueekinase) the specific phosphatase which is reapcn*
sible for the release of glucose into the blood stream has limited 

159
distribution. This specific glueoss*6*phoephatas* has bean demon*

54 358
straced in the liver and intestinal, mil, but is absent from muscle.

154
The s i te  of highest enzyme activity is the liver, and its activity
in other tissues ie very low. Glucose inhibits the ensyue in a 

193
competitive ameer.

The activity of glucoae.b*Phosphaterne is dependent noon 
358

the composition of the diet. In the rat and mouse its activity
391

is increased about 601 by 48 hours starvation. The conversion
of glycogen to glucose by the liver is s relatively immediate 

349
response of toe liver.

In addition to immediate glycogenolysis, another important
source of blood glucose is gluconeogen.esis by the liver. Gluconeo*
genesis is toe synthesis of glucose frets aonearboh>drate precursors,

358
such as amino acids and glycerol. It is a relatively slow reaction
occurring over hours and days, Glucooeogenesis i» important in

349
maintaining blood glucose levels because thmre is very little glucose
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available in liver as glycogen (approximately 60 grams of glucose).
Adrenal cortical steroid hormones of the glucocorticoid 

type play an important role in the mobilization of peripheral 
tissue protein such as amino acids, most of which are used by the
liver for gluconeogenesis or metabolism to acetyl coenayme A

349
(acetyl CoA).

The maintenance of blood glucose levels is further 
complicated by the inhibitory action of growth hormone and corti
costeroids on insulin activity and glucose uptake by peripheral 
tissue. This is exemplified in Uypophysectoolzed-adrenalectomized
animals, who may develop hypoglycemia after only two hours of 
284(p .32) 
starvation.

Insulin is produced in the beta cells of the islets of 
Langerhans of the pancreas. The beta cells accumulate insulin as 
granules within the cytoplasm. The abundance of these granules 
depends upon the balance between the demands of the body and the 
regeneration capacity of the beta cells. One half hour after intra
venous injection of dextrose, insulin granules are no longer present 
in the beta cells and it takes approximately six hours for granules 
to reappear in abundant numbers within the cell’s cytoplasm. The beta 
cells are stimulated by a rise in blood glucose concentration with
the result that the insulin granules migrate to the cell membrane

197
where they are discharged into the surrounding vascular system.



Madison *od Unger found that when Insulin cantered the circulation
by the portal win, as it does normally, about m e  half of it

28 29became fixed in the liver. Bearn, Billing rod Sherlock showed
that intravenous insulin caused a prompt drop in hepatic glucose
output4 both 1|$. normal and diabetic individuals. Jacobs, Seiehard

168
Goodman Jr., Friedmann rod Weiniiouae confirmed the above findings 

11,64but another group of investigator® found that insulin actually
increases the output of glucose by the liver. Insulin aay affect
the liver but the effect is probably Indirect. In any ease the
effect of insulin on the liver is controversial.

127
Insulin diffuses throughout the body via the vascular

system rod then passes through the capillary endothelium to the
extracellular compartment of peripheral tissue. At the peripheral

131tissue site the insulin appears to be rapidly fixed by the tissue. 
90(p.24)

Studies with radioactive insulin show that It becomes bound to
340certain peripheral tissues such as rat diaphragm* adipose tissue, 

and mammary glands so firmly that successive washings do not die* 
lodge it. Th& effect of insulin on glycogen deposition in. the 
rat diaphragm is proportional to the amount of insulin fixed to 
the tissue. It is at this site that the primary action of insulin 
takes place* promotion of the transfer of glucose across certain 
cell membranes. Without insulin, glucose doe# not easily enter
the cell with the result that there is a decrease in normal
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intracellular wet-.abo3.isra of glucose. This in turn leads to 
disturbance s <f I ip id and protein metabolism.

Different tissues vary in their response to Insulin,
The following tissues are sensitive to insulin in transporting
glucose across their cell membranes $ skeletal and cardiac muscle,

31 404,397(p.441)adipose call, leucocytes, optic lens, fibroblasts, and endothelial 
cells,. These tissues are so sensitive that insulin iocsatiiately
increases glucose utilization by increasing the rate of entry of

198
glucose into the cells. Here Insulin appears to act by increasing
glucose transport without directly influencing phospiiorylation.
la contrast, the transport of glucose serosa the cell membrane of
brain, kidney, intestine, erythrocytes, retina, and liver are

40&,349(p.153)little influenced by insulin.
68<p,739>

The metabolic action of insulin is beet exemplified by? 
the results of a pancreatectomy in .an. animals (a) hyperglycemia,
(b) decreased glucose tolerance, (e) depletion of glycogen in 
liver and muscle, (d) decreased rate of oxidation of glucose,
(e) increased gluconeogeneeis, (£) negative nitrogen balance,
(g) increased mobilization of depot fat and increased ketogenasis, 
and (h) increased amounts of cholesterol and other lipid® in the 
plasma. Administration of insulin to such an animal is followed 
by (a) decreased blood sugar levels, (b) increased oxidation of 
glucose, (c) increased muscle glycogen, (d> decreased gluconeo*
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-eneei8 8114 <e> Creased ketogenesis. Insulin may be considered 
to accelerate the utilisation of glucose in every direction, in
cluding its oxidation and its use in glycogenosis and in iipogcnesi®. 
In an unknown manner insulin also promotes protein synthesis.

Hot to any significant degree do the beta cells seem to 
depend upon neural or pituitary stimulation. Severance of the 
vagal, nerve causes no histologic changes in these cells. Hypo- 
pbysectoroy also causes no visible atrophy of the islets but does 
cause some diminution in the amount of insulin stored and secreted, 
However an excess of growth hormone, thyroid hormone or glucocorti
coids may exhaust the beta cells, probably because of the tendency
of these hormones to produce hyperglycemia, rather than any direct 
action upon the beta cell.

Discussion of beta cells is incomplete without mention 
of the alpha cell of the islets of Langerhans and their produce —  

glucagon. Hinder the influence of the alpha cytotrophic factors of 
growth hormone, the alpha cells produce glucagon at an increased 
rate and the glucagon concentration rises in the pJttl vein, eiu- 
cagon has a direct influence on enzymatic glycogenolysis, entailing 
the conversion of glycogen to the cori ester, by rapid activation 
of the hepatic pbosphoryiaee system. The effectiveness of glucagon 
in producing hyperglycemia is dependent u ^ ' S ^ g i f S g * ,  content 
of the liver. After administration of glucagon there is «a i^diate
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change l® glucose 6-phoepliatase activity, to is is la contrast to 
the effect of arfminiatration of epinephrine, after which there is
increased phosphorylaae activity, but not the accompanying change

65
in glucose 6-phospnataee activity, If glucagon ie given intra.
variously there is an lamed late increase in the level of blood
glucose, which reaches its maximum within X) minutes and falls to 

, 68(p,744)
normal after one hour. At the same time liver glycogen decreases. 
In one sense glucagon is an antagonist to insulin, but on the other 
hand glucagon and insulin are, from the physiological point of view, 
synergistic, in that by their mutual metabolic action, the oxidation 
of glucose and its polymerised state (glycogen) is acimpUsheri.
The activity of glucagon is affected by diet; after 48 hours star* 
vation its concentration increases three fold, wile ingestion of
dextrose causes a decline in glucagon concentration, normal levels

359being reached within several hours.

Another factor having effects on glucose laetabolism 
similar to those of glucagon is epinephrine, toe hyperglycemic 
producing, action of epinephrine has 'been known for many years, but 
only recently haw the relevant enzyme meenanimns timi* identified. 
After the administration of epinephrine a rapid increase in pnoe. 
phorylaee activity results in nearly immediate glycogenolyeie. In 
addition there ie an increase in intracellular glucose 6-pttospbate 
concentration which leads to a rapid output of glucose even chough



the glucose 6-phoephatase activity Is not altered. Also gluco*
kinase Is Inhibited in a non*coiapetttiw maimer by glucose 6*
phosphate. Ipia#|*trine»induced glycogenolysis results in a
higher than normal concentration of glucose 6-phoaphate. tkis
would be expected to decrease glucokinaaa effectiveness, tfo»«e
allowing glucose Swphospfoatase to predominate, and thereby enhancing
hepatic glucose production. After injection of epinephrine there
is a rise in blood glucose concentration, but there is also a rise.
in blood lactic acid levels because of glycolysis in ■muscle, the
mobilisation of glycogen from the liver is the major metabolic
effect of epinephrine, but there is evidence that it may also ace
at the peripheral cell wall to decrease the rate of entrance of
glucose into some cells, with consequent decreased utilization of 

68<p.?lA) 
blood glucose.

Hie influence of the pituitary gland on carbohydrate
161

metabolism has been known for some tlee. In 1930 Houseay and
Btaeotti showed that hypophysectouy ameliorated the diabetic

615
state .Induced by complete pancreatectomy. Young showed that 
crude alkalim extracts of the pituitary gland had a diabetogenic 
effect, or ware antagonistic to the action of insulin. Injection 
of such extracts inhibited glucose uptake rod glycogen deposition 
in the rat diaphragm. these diabetogenic effects of crude 
pituitary extracts me  very similar to the effects of starvation,

13
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which causes fat mobilization, ketoneoia, insulin insensitivity, a 
decrease in peripheral oxidation, an increase in liver fat, and a
tendency for the glycogen stores of the body to be maintained

349after an initial depletion of liver glycogen. Permanent diabetes
was induced in dogs and cats by repeated administration of crude

349 81,160
pituitary extracts. Two research groups showed that some of the 
diabetogenic activity of the crude alkaline extracts of the 
pituitary gland was due to growth hormone. They produced diabetes 
in adult cats by the administration of purified growth hormone, 
(somatotropin). The diabetogenic activity of somatotropin was 
demonstrated In vitro. Growth hormone was administered to both
intact and hypophysec torn!zed rats. The isolated diaphragms

262,261from both groups of animals showed a depressed glucose uptake. 
These experiments suggested a peripheral effect of somatotropin 
on glucose metabolism. The reversal of this peripheral effect 
is seen in alloxan diabetic animals which have had the phoephory-
iating defect corrected by hypophysectomy or adrenalectomy.

187
Administration of growth hormone or cortisol depresses 

the phosphoryiating capacity of striated muscle in normal animals. 
The effect probably is not on hexokinase but on other enzymes in 
the glycolytic pathway (BMP), with the subsequent accumulation of 
intermediates which may influence phosphorylation. Growth hormone 
depresses the insulin responsiveness of the glucose transport



8>'StCB °£ 8tr 1860(1 rauecle- Somatotropin (Em ) w  given to hypo, 
pituitary patients and the results of oral glucose tolerance teats 
showed that ESi administration leads to the development of reels.

| I y
taace to endogenous insulin.

Sypophysecfomy produces many result# which era the 
reverse of the above. There is a tendency to hypoglycemia, a 
loss of hepatic and muscle glycogen m  fasting, an increase eeasi. 
tivity to insulin and an increased rata of utilization of carbohy
drate. These effects of hypophysactoay can be reversed by the 
administration of somatotropin. Inject long of purified sornto. 
tropin can proves hyperglycemia and glueaauria in normal dogs 
and cats, and a lack of responsiveness to administered insulin.
In human*, acromegaly is frequently accompanied by glucosurla.
Ongl? and his associates have reported an abnormality of growth 
homene concentration in the place,* of prediabetic subjects throe 
to five hours after ingestion of 100 gms. of dextrose. These pre
diabetic subjects had normal oral glucose tolerance tests but their 
parents had diabetes.

In addiMn to its diabetogenic effect somatotropin 
has another effect on carbohydrate metabolism. A single injLtion 
of growth hormone into a fasting adult rat is followed by a fall 
in the blood glucose level which persists for some hours, Bdlstein 
and ̂ de have recently shown that one of a group of peptides isolated

15
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from growth hormone and from pituitary powder®, had an insulin-Uke 
activity, while another peptide had a diabetogenic activity. The 
Insulin-Like activity of growth hormone appears to depend on the 
availability of insulin in the tissues, because the response cannot 
be obtained in long tern diabetic rate or i» pancreatectom,scti dogs 
deprived of insulin for 72 hours.

She antagonistic effect of growth hormone is directly 
dependent upon BBI concentration. The mmtmm concentration of
this hormone is encountered in normal individuals during the growth 
period of childhood.

Growth hormone also affects adipose tissue by liberating 
free fatty acid® fro® the adipose cell and by inhibiting the 
action of insulin which promotes fatty acid synthesis from gltcoae.

Using the rat diaphragm technic it was shown that serum 
of alioKsan-diabetIc^rats produced significantly less glucose uptake 
than serum of normal rats. Using similar technic® Bernstein and 
Park found that there was no difference in the glucose uptake using 
serum from either normal rats or rats which had a hypophysectomy 
or adrenalcctory. Low glucose uptake values were obtained using 
the scrum of hypophysectomized alloKan-diabetic rats If the animal® 
were first injected with both growth hormone or cortisone. Thi® 
effect was not found if either growth hormone or cortisone w s  

a 'Jcd t0 tbs lncul#ation ‘aedia containing the diaphragms. These
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findings suggested that there was a hormone-dependent insulin
48antagonist in the eeruro of alloxan-diabeticrats

The antagonist was found in the beta. * lipoprotein
i f  1 370

fraction of serum of these experimental and normal rats. In
375cats it was found in the albumin fraction of the cat plasma and

was again dependent upon the presence of both the pituitary
, J 377 374,371,373,372gland and adrenal cortical steroids. The same antagonist

was found in normal serum albumin and to a far greater degree
in diabetic persons. Its antagonistic activity was also dependent

v 375upon the pituitary gland and adrenal cortical steroids. Recently
376the antagonist was found in the serum of prediabetic individuals.

108,105
Field ami gtetten detected another Insulin antagonist 

in the plasma of diabetic patients with seve* acidosis. This
latter antagonist was not detected in the plasma of diabetica

110
unless they were acidotic. It was shown to be in the aipha2«
globulin and beta globulin fraction of the plasma proteins

34S
was pituitary dependent.

Besides somatotropin, ACTS and luteotropin have been impli
cated as having diabetogenic activity since the injection of one of

397
these hormones in suitable experimental subjects causes hyperglycemia,

160
glucosuria, and ketonuria. Houssay and Anderson found that luteo
tropin produced diabetes in adrenalectomized and hypophysestomized 
cats and doge. It has been suggested that since prolectin
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ami human growth ttomoue have similar biological properties they
71,105

may be the same substances.

In the:- discuss ion on the effect of pituitary hormone©
on carbohydrate metabolism it w e  stated that A C M  has a diabeto*
genic effect, fte effect may be Indirect through the adrenal

H I
gland, Haranon reported that patients with, adrenal lasuffi*
ciency showed a oarhad sensitivity to insulin. Adrenalectomy
caused a@elderation of the diabetic state and diminished hepatic 

76,208glycogen stores in rats. After awtisoae truatmaat diabetics 
30

with Addison’s disease must be given higher doses of insulin.
Also, adrenalectomy diminishes the severity of human diabetes and 
the tniuUn requirements of diabetes. On the other tiaxtd excessive 
glucocorticoid production which characterises Gushing’• syndrome
produces a diabetic state manifested by hyperglycemia, .;iucosuria 

117,208
and reduced glucose tolerance, the hyperglycemia ted abnormal
glucose tolerance appears to be a cemhlaafciao of an increased

12,23,393
■ S i t  s'"production ted decreased removal of glucose. 333Skinner and

MSdison showed that steroids decrease the binding of insulin to 
cells with the result that there is decreased glucose removed.
This reduces glucose penetration since insulin must be bound before
, U Sit can exert its effect.

toother reason for the decreased removal of glucose 
iron: the blood is the reduction 'in glucose phosphorylation by 
the sell. The reduced rate of phosphorylation limits the rate
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&£ <mtry of glwes* litlo is, 8«ar«ea«d glucose utilisation
24® 247

w e  confix®**; by Jfcmek end Kor Us, and KiricSt, There has been
92

cow ceetroverey wmr this deerwsed utilisation of g luces« but 
most authors agree with the * b ^  *f *"1 *117

ftu steroids h a w  both stteelstery and suppress i w  effects
on m»ymm participating la eartahy&ata aatcfebUaa, It appears
. .. 75,133that certain eoayws necessary for amebic glyaalysis are inhibited,

uiiiie those involved in the pantos* eSumt, gluconeoganei Is stid 
145,128,30$

glyaognaints are stljssfatadL Also certain steroids 4o w #b#
183 1S4

ATP Swwmtm, Inhibit cytochrome oatidte#, inhibit the oxt- 
41* 347

tiatioc of !>pi® to vm, and «ey effect Tm!-hPF tranahydrogona*
2 9 5

Cions, h n o M  sod .Ashmore in their r w i w  stated that the steroids 
of the adrenal glow! caused an increase* In (a) earshotira of protein 
to raise acids, (b) hepatic trapping of amino acids, <b) carbon 
dioxide fixation, (4) traasaaiiaat ion,, (e) fructose l-6-diphoe* 
phatase activity, <f> glncosa A-phnsphatss* activity, ($) pyruvate 
and lactate levels in bleed, (h) fat aoMliaatien (In the fora of 
free fatty abide (TM) and <i) katograasic, The steroids stiswlatad 
rawraat of glycolysis in liver and decreased glucose* .iiiillaatiec,

i ■

Coat issued prolonged ada»i**ietrat loti of steroid# at tiherapaatie
lewis m y  produce # diabetic type of glucose tolerance curve,

397
glecosuria and m y  cause foramen?. diabetes, the darnel npwibt
of diabotes in wbjects repeiviitg §lucocortleolde la related to

J . U7
the individual «s Inability' to increase insulin production. Is

/



th® majority of patients receiving ACTH and steroids, the large
functional reserve e£ islet tissue protects the individual from

405developlag impaired carbohydrate tolerance.
Hie ba sic  compound fr.xa which all adrenal s tero id #  arc

||5
derived Is ch o le s te ro l . Toe b iosyn th esis pattern  of soas  

adrenal s te r o id s  Is shown in Appendix 1. In. urine tc sto sto ro n e  

and e stra d io l are excreted  as such, The androgenic s te ro id s  are  

excreted  as. 17»hctoij to ro id s , Aldosterone Is excreted  as Itself 
arte severa l other products. The g lu cocortico id s  are prheavily  

excreted  -is c o r t i so l  and i t s  ear..v a tives  Lot approximately 20% 
x appear in the urine as 17»k etO «. ;J s ,

to reca p itu la te , the o vera ll effect o f  Insulin ie to 
lover the Mood level of glucose. Tke effect of growth hormone 
ano acrens. asnaones is to raise It, Those metabolic action* 
are antagonistic and it is the ratio of one to the other and not 
their separate amounts that is of prtasty importance. This balance 
is demonstrated by the fact that diabetes (following pancreatectomy) 
18 saw Unrated considerably by eubsequent hypophyeectooy or adrena* 
leetony, Circumstances under which this balance can be upset 
involve the Hs l s m  reaction,” The. degress o f  the "alarm react ion” 
include practically all unpleasant emotions (anger, anxiety, etc.) 
and pain, as wall as other types o f  stress such ae exposure to cold 
and heat, The understanding of the effects of the "alarm reaction”

20
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give* us some insight into way fete diabetic "goes out of control"
wider emotional stress,

397fp,443)Hsyratihe tetencee many differ eat catabolic pathways
ste increases oaiiaeive metabolists in the body. This tesmeme 
acts at fete mitochondrial surface and has a statted effect on 
carbohydrate nefeate 1 iota, Ibyraalte facilitates fete entry of 
pyruvate lot* the sit action dr ion. It should be acted that the 
reactions of fete Krebs cycle (catiUJstxve w e  6 to) with thsir 
associated tebydrogemttag systems are located in tim oifeodbKmdrta, 
Thyroxine accelerates these reactions and thereby greet'y increases

.5 n®»«gy predustloe ate glucose utilisation,

® 5tJ sex honaottfec (tesfeotitorone sad estrogens) sees 
to haw sane role in carbohydrate metabnUtm, It use found that 
more unis than futele rats develop diabetes after partial pan.
m  §.303
createetmay, A i m  castration of male pancrcatectaroised rats
decreased fete incidence of diabetes while removal of the ovaries
from Semle pemaresatuefcaminte rats In.croaoed the lacldanoa of
diabetes, Stee plasma 17,2Iteihynrasyettteaids wars reported to

153*314,386
be elevated during pregnancy or estrogen a*iiaistrat.lon.

U 7
frawley and Shelley measured insulin raapotiaIw m w  and gluco* 
***** b*forQ » m* after the elevation of plasm levels by aafejcagaa 
administration, Although the plasm laval of 17*isydr«tyeertis#i«S® 
reee 2" 'Ct> **Shl4 there was no change in the fasting blood sugar 
level and the urinary glucose output was slightly increased.
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Uowivar, uh*» iaswlia aeaalfclvity was detaraiasd a definite 
reduction i» it had occur tact, A similar degree of Insulin reals* 
tance was induced in a mildly diabetic subject by administering
hydrocortisone in sufficient dosage to raise the plans* 17- 
hydroxy steroids to 24 acgl, this study indicated that elevated 
plasma steroid lewis induced by a stray one may have biologic 
activity.

Besides the antagonistic and promoting effects of
various htmeones cm glucose in the body another consideration
of importance is the comprehension cf the mechanism involved in
th@ transport of glucose from the bleed to the peripheral tissue.
It appears to be generally accepted that plncose freely diffuses
through the vascular systems cap illa ry  well to the l*??n?anular
ccxspartuaat of the peripheral tissues. This diffusion supposedly
takes place within 10 to 15 m inutes.as a simple diffusion process
which allows glucose to move in either direction dependine noon

79,260,309
itP concentration in the blood and the peripheral tissues. In 
hepetecteeiKed or eviscerated aalnale (lacking pancreas, Uver, 
an»-l gaatroiufcestina 1 tract) the ad«ial©fretion of insulin loads 
to a profound fall its blood glucose concentration and to death. 
Injected insulin in these animals causes hypoglycemia as the 
result c£ an increased rate of peripheral glucose utilisetiae<tbe 
entry of glucose into the cell). Yat there ip ar. extracellular



compartment in between the intracellular peripheral tissue fluid 

space and tars, p l a s m  volume, this extracellular sxtravascuiar
Cf

space has to be crossed, before eh® glucose molecule from the

blood cast roach the cell mastbrsnc in order to enter the Intro*

cellular space. The insulin molecule which has a molecular

weight of 5700 can not pose through the capillary endothelium
26©

with the same speed as glucose and email lame* let within

minutes after on intravenous injection of 'insulin, an animal

without a liver can be placed in hypoglyemic shock. The

injected insults* in order to cause intracellular absorption of

glucose would have to pass first through the capillary endothelium

and then waver®# the extracellular extravascular eemparteent and

fix itself to the peripheral cell membrane before glucose can be
213,216,217

transported into the cell. As mentioned before, the removal 

of the l l e w  in an animal produces a progressive hypoglycemia which 

becomes fatal. The presence or absence of the pancreas doe® not 

affect the hypoglycemia. The experimental cabas 1 cam be kept 

alive only by the constant intravenous infusion of glucose. As 

will be pointed out later the glucose concentration in the akin 

is atill high enough so that if bilateral diffusion was present, 

the skin could allow s o w  of the glucose to get back into the 

blood stream. The basic mechanism of glucose transport across 

capillary vascular ondotftallum needs clarification. This point

23



vaa recently stated by Halprin wao felt toot toe "diffusion
process*1 of glucose between blood sad skin is not clearly„ ,1*1weeratcai*

Oace glucose M e  entered the extracellular oomweculaar
fluid space, it becomes available fee capture by peripheral
cellular tissue and for intracellular phosphorylation. Glucose
transport across fib* cell wall and phosphorylation of glucose
to glucose 6~phe*pfcat# are iMapeod«t events. Insulin affects 

187
only the former. Bnokinasa has eucti a high affinity for
glucose that normally the intr ace I lu last free glucose conccntrat ion
is extremely I#, toe phosphorylation of glucose to glucose
6-phosphaee by licitokinase is an irreversible reaction, toe
transport of glucose across the cell msmssmm becotaee the rate

91limiting factor for glucose uptake. Anomie accelerates pfcos*
pbeeyletlen of glucose and therefore can augment the action of
insulin. Diabetes, starvation, and respiration of ketone bodies
and fatty acids reduce the rate of glucose phosphorylat ion and

M S ,2 4 1.243 2:SA
diminish the action of insulin.

Qm e glucose is phosphorylated, it prepresses through 
the pathway of metabolism in  three directions i (1) it can $o 
to glucose Uphosphate and ultimately to glycogen or to connective 
tissue synthesis, (2) it can mater the aerobic pathway (pentose 
phosphate pathway or the haxose miXKiphcM^hace shunt ®f?)# and 
(3) it c m  enter the anaerobic glycolytic pathway (Nbd*«*May«rho£- 
« n n  (EM?),

24
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Th© main storage form of glucose is the polymerised 
glucose moieeul»w*glyeogen. The reactIona responsible for the 
formation of glycogen were menttoned previously. An additional 
pathway for glucose is the conversion of W 1?*@lucose to hexosc- 
sugars which are made into uucopolysacehsr idee. These latter 
compounds are major constituents of the connective tissue of 
the dermis.

One of the important groups of products from the Ht-SP
sre pentoses. These five-carbon sugars are needed in the formation
of compounds such as nucleic acids. The phoapbogluconeee oxidative
pathway (8BE) comprises a aeries of reactions, the first of which
involves the ensyme glucose 6-phosphate dehydrogenase, This
pathway allows for the combustion of glucose independent of the
citric acid cycle. An important by-product of the shunt is
reduced tr iphosphopyr id in e nucleotide (TPHtt) which is necessary
for the synthesis of fatty acids (and steroids) and the operation

35,117
of several hydroxylases. Using radioactive technics an 
estimation of the amount of the glucose which passes through 
this shunt showed that the amount varied with different tissues 
(o.g., in striated muscle it was essentially zero and in liver 
and skin approximately 302). The special advantages of the 
operation of the direct pathway (BMP) are the formation of pentose 
for nucleotide synthesis, no additional ATP is required, there is 
is no dependence opens the availability of the four carbon dicar
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boxylic acids of the citric acid cycle and TPH+ is used as 
the exclusive electron acceptor.

The passage of glucose through the anaerobic glycolytic 
pathway involves numerous enzymes and sugars. One of the 
important steps is the conversion of fructose-6-phosphate to 
£iuc tose-1,6-diphospate by the enzyme 6-phosphofructokinsse.
This step is an irreversible reaction and is a rate limiting 
step in the breakdown of glucose-6-phosphate to p y r P W  

Secause of two irreversible enzymes (glucokinase and 6- 
phoephofruetokinese) muscle and adipose tissue cannot form 
glucose from C-6-? (and therefore from glycogen) nor can these 
tissue® reverse glycolysis, that is, form glucose-6-phosphate 
from pyruvate. In liver there are the two enzymes which fom 
glucose for distribution by the bloodstream. These enzymes are 
glucose 6-phosphatase and bexose di-phosphatase (diphospho- 
fructose phosphatase). Because these two enzymes are present 
m  the liver, the liver can form glucose from glycogen and from 
lowt members of the glycolytic pathways (notably lactic acid).

Pyruvate is the key member in the anaerobic pathway 
and occupies a central position in several metabolic sequences 
(see Appendix II).

Pyruvic acid (both oxidized and reduced fom) is the 
first product in the glycolytic sequence that readily crosses
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cell and hence cm fee redistributed throughout the
tissues of the body. Pyruvic acid undergoes reversible reduc* 
tim by m m  to lactic acid in the presence of the widely 
distributed ensytuc * lactic dohydrogenssa, While pyruvate iaay 
■have many possible mtabolic fates, lactate has only erne 
important fate and that is its raeacUkttion to pyruvic acid.
If anerobic conditions prevail, it is lactate rather than 
pyruvate that accumulates as an end product of glycolysis. When 
the oxygen supply of tissue is limited, the components of the 
electron transport chain tend to accumulate in their reduced 
forms. As a result, with the relative deficit of electron 
acceptors, diphoaphopyridlne nucleotide also becomes largely 
reduced and the fraction 3HIB increases. Since the equilibrium

position of the lactic dehydrogenase reaction is far to the lactic 
acid side, lack of oxygen promotes the accumulation of lactic 
acid, Then the lactate spills into the vascular system. There 
it becomes a potential source of liver glycogen,

Vlth respect to the Krebs cycle pyruvate may do two 
things. First it can take on carbon from C®2 to for® oxalacstate 
(an important intermediate of the Krebs cycle) or it m y  irrever- 
eibly react with eoaaaya* A to fear® acetyl coenzyme A which is 
the building block for a great variety of compounds (see 
Appendix H I).
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»** breakdown products of protein, carbohydrate
anti fat metabolism pass through a common pathway and focal
point * acetyl CoA. It has been estimated that in the presence
of normal metabolism and adequate quantity of carbohydrate, the
body usee more than half of its carbohydrate for energy,
approximately 40 o/o is converted to fat and 5 o/o is stored 

90as glycogen.

to summary glucose is affected by many factors which 
***** different sites of actions. ■ the complex effects not only 
influence glucose metabolism generally but also influence the 
behavior of glucose in the skin.
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III, Glucose Metabolism and Kinetics In toe Skin

In considering glucose metabolism and kinetics in the 
skin, the integument has certain characteristics which modify 
glucose function. A number of these characteristics and condi
tions will be mentioned: for example, the large extracellular 
compartment, the water content, the ground substance, the 
diffusion of glucose into and through the derate, the glucose 
content, the alterations in the metabolism of glucose, the 
effect of diet, the glucose content of the skin's surface, the 
skin glucose tolerance test (oral type), and the glycogen content 
of the skin.

the skin is the outer membrane of higher forms of life.
It separates the highly variable and hostile external environment
from the stable physiological internal environment. It accomplishes
this at its outer periphery by a unique concentration of a highly
compact syncytial*ayer epidermal cells in which the extracellular
compartment is impossible to measure because of its small else.
In fact, electron microscopic studies of the intercellular spaces
show the® to be smaller than previously suspected and even their 

138
existence is questionable. The lack of extracellular space in 
the epidermis enables the skin to keep fluids within the body. 
Because of this peripheral concentration of cells, the vast
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Mjorlty of t i l .  Integument 1. composed of an almoet .c«Uular
«... of tissue .Kept for hair eebaceoue, .„„,t M d
apocrine gLoda, d.raal tl.eue c.U. and , virtu,Uy In.lgn,fleet
quantity of blood ve.ee, cell,. The akin'e exact lower boundarlee 
are at times difficult to define.

The ekin la the second largest soft tissue organ in 
the body (the fire, 1, muscle) and the third Urgent organ b, 
weight <Lt.-cu.cle, 2nd-JX.ton. tnat
the wet weight of the .kin 1. 16-18$ of total body weight.
cornbleet7 9. Pm.bur,” 5 * »' * ier<>rdt , and Montagna stated
the weight of .kin a. 16$. PUl.bury, Shell., end t U g e J 77^ ”  

gave the weight of ekl„ a. 15$ of total body weight. S k e l t ^  
<»ot.d figure, between 10-15$ for other as ^  „ „

ct. in . recent study Forbee, Hitch.u and = “ pe, reported tbe
weight of ekln in a alngle human autopsy a. 9.5$. A figure of
15-18$ of total body weight appear, to be a figure accepted by 
most authors.

In considering the extracellular compartment of the
akl= (derate)^on. first consider the bod, a. . whole. The

extracellular compartment, of the body which ere of significant 
•ire are in ekeletal muscle. akin, skeleton, and the pleeme. tt« 
Urgeet of the,, compertrant. 1, m  the muscle. The volume, of 
the compartments in skin and bones are approximately equal to
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each other. Tit® total volume of extracellular apace ha® been
3S6(|». 89) ,3*7<p.679> ,1S0,1A6 237(P.U6),

estimated to contain 20*25% of body (wet) wight and .30*40% 
96,195,226,214,146
of total body fluid. The water content of akin can vary in

249 I50(p,6),37,214
different parts of the body but It usually is approximately 
97,98 367
70% by weight; older figures give value® between 60 to 70%,
The water content of fetal, infant (less than 6 months), and

400,38,360,57,152
senile skin is much higher than adult skin. If an animal
i® deprived of water, the tissue water will decrease greatly

190,275
(skin 9% * m o d e  2%),

There Is a constant loss of wetter fro® the skin to 
the outside environment by two m i n  mechanisms. The first ts 
sweating. The amount is extremely variable but may be essentially 
aero In a cool environment. There is a constant loss of water
through the skin (Insensible perspiration) of approximately 5S0cc
3 %

per day. A negatively charged ’’barrier” of a few microns
thickness which lies between the horny layer end granular layer

289,43 138
of the epidermis, ' Rothman felt etxfceks the transfer of
water out of the skin. Below this layer, the basement membrane

265,266
are® of the epidermis appears to be an excellent barrier
to water transfer probably because there is a dense accumulation

343,344,324
of polysaccharide material at the dermal-epidermal junction.

100,146
Approximately 40*45% of the wet weight of skin is extra*

 ̂(j£fe.Vtvi I cellular wetter (over 2/3 of its water). This is one of the larger
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M °Un“  °£ extraolwi'rvote, In the M l o  t t M M  w m  ^

body. IhU fact it often forgotten and ehould bo considered at 
it accounts for approximately 5X of the body weight. During it. 
pneeage from blood to epithelium any substance must c o m , into

*°tt °f eWUV,>rl™ »ith this extracellular compartment's 
fluid.

The extracellular compartment in the dermis is often 
referred to as the area of the ground substance, a semi-fluid, 
non-fiber Her, amorphous substance which fill, the space, between
the fiber, and the cells. The water in this compartment (space) 
is in intimate association with collagen, elastic and reticulum
fibers and the ‘'vascular tree.11 ijixm of this water associated
with the fiber elements has been called "fibre water 
water not associated is called "non-fibre^ter."

and the
The ground

subetance contain, man, protein, end mucopolyseccherides. suen 
a. hyaluronic ecid and .dieted mucopoly.acch.rid.. end their 
protein complexes, mere arc three type, of identifiable derm.,
mucopolysaccharide.i (a) hyaluronic acid, (b) chondroitin 
sulphate B end (c) chondroitin sulphate c. « ,  th. connects 
tissue polysaccharides (except hyaluronic acid) ere sulphatod

“ *“ * end are highly char3cd polyenion. which show conslder.bl. 
Interaction with themaelve. and with protein.. Case polygons 
•Iso bind cations and water to a Barked degree. Water is even
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bound to the hyaluronic acid. This complex system has been
129described by Gersh and Catchpole as a heterogeneous colloidal 

system consisting of a colloid-rich, water-poor phase co-existing 
in equilibrium with a water-rich, colloid-poor phase. This 
equilibrium allows for greater flexibility of a system which 
has to adapt to extremes such as dehydration (in water depri
vation) or massive edema (in cardiac failure). The equilibrium 
also provides for the varying composition of the ground substance 
in different regions of the sitn5, The amount of ground
substance is at its maximum in the skin of the embryo, and there 
is a gradual reduction due to aging, so that in senile persons 
there is extremely little ground substance^ '

The versatile nature of the connective tissue is 
exemplified by its regenerating phase in wounds in which the 
metachrooatlc staining materials resemble the embryonic^ 
mesenchyme. There is an increase in the amount of ground sub
stance and of certain mucopolysaccharides, Bien these polysac
charides are extracted from the granular tissue and dialysed to
remove low molecular substances, certain substances inhibit the

17 2S71growth of fibroblasts in vitro while others act as growth promoters.
This extracellular compartment of the dermis (ground 

substance space) which is rich in water and colloid substances is 
closely associated with the vascular supply of the skin. Glucose



In the blood plasma is said to diffuse freely through the
79.246,260,309capillary endothelium in either direction, but certain

experimental results and clinical observations are not in 
complete agreement with the classical diffusion theory.

Physiologists concerned with the transfer of substance® 
across the capillary wall have proposed the existence of pore® 
(perforations) in the capillary wall with the raSius of 30 to 
45A, However, electron microscopic studies at resolutions of 
better than 60A have not supported the pore concept but suggest
that the endothelium of the capillaries ie a continuous basement

35,143
membrane. It w e  shown that vesicles may provide a transport
system for the transfer of materials across*eapiltary walls.

It should be realised that the concentration of glucose 
In the blood is expressed as the amount of glucose in a certain 
volume of fluid while the concentration of glucose in the akin 
can only be expressed at the present time as the amount of 
glucose per wet weight of skin. Since the extracellular water 
compartment of skin ie only 40*45% of total wight of akin and 
since glucose ie only present extracellularly the amount of 
glucose present would be much greater in concentration if expressed 
on e volume basis.

the injection of large doses of insulin decreases the 
glucose content of the skin (20*50% of original value in various
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aoisaalV)̂ 5' However, It cannot be reduced below a minimal
level in animals even with doses of insulin which produce hypo*

3SS 7§glycemic shock and death, * In rabbits blood sugar fell
from 120 mg to 25 mg% while cutaneous sugar fell only from 
142 mg to 53 sag%. A similar sort of experiment was mentioned 
before in which the liver, pancreas, and intestine of an animal 
were removed and the animal was kept alive only by receiving a 
constant intravenous infusion of glucose. In normal individuals
the fluid content of a cantharidin blister showed glucose concen*

8$tretion equal to blood when the individual is in the fasting
state. After an intravenous dosage of dextrose, the glucose eon*
Generation in the skin rose higher than the blood and remained
high for several hours (the more dextrose given the wider the
difference). In diabetics the blister fluid glucose concentration

79,30$<p,470)
was still higher under both conditions. It has been suggested 
that glucose is temporarily stored in the whole skin and diffuses 
directly back to the blood as glucose. Yet no concrete evidence 
has been reported that glucose diffuses directly back into the 
blood via the capillaries. Because glucose concentration rises 
in the akin after ingestion of glucose and then slowly returns 
to normal, this need not mean it has diffused back directly
through the skin capillaries into the blood as glucose.

119,390
All the known metabolic pathways for glucose have



been identified in the skin. The primary site for all these 
metabolic processes is the intracytoplaemic area of the cell; 
therefore, since the epithelial tissue composes the vast majority 
of the cell mass in the skin the primary site of activity is the 
epithelium and only a relatively small percentage of the total 
activity takes place in the dermal tissue cells. Glucose does 
not exist as free glucose in the epidermis because it is ©ffi« 
eiantly phosphorylafced by the ensyme, glucokinaso.19,141,390 
Once glucose enters the celt it cannot leave until it becomes
pyruvic or lactic acid. Both of these three carbon sugars are 
freely permeable to cell membranes and probably account for the 
"acid mantle" of the skin via the swat glands and other appen, 
dages of the skin. After glucose has been phosphory1sted to 
glucose 6-phosphato (G-6-P), it can go to glycogen through the 
UDP-glucose pathway. Adachi 2 showed that glucose rapidly 
enters into and is in equilibrium with the wall but rapidly 
"turning over" pool of glycogen. The normal epidermis has very
little glycogen present, and it disappears a t ° t ) M % U M U r  layer

S3of the epidermis. Bredfieid suggested that glycogen aecwai* 
latas in the prickle cell layer because this is a hypoxic area 
and energy is needed for anaerobic glycolysis. Glycogen
accumulates in epithelial tissue culture cells even in the

, Ilf
presence of abundant oxygen. The lack of intercellular apace
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epidermis.

UDB»glueo@e pathway which leads to the synthesis of the macro* 
aolecoles of the dermis.

for glucose b*phosphate. This pathway provides for the direct 
oxidation of glucose to a five carbon sugar which then enters 
Into nucleic acid synthesis. BMP shunt also provides the 
hydrogen ion for TPS, toe MMP shunt was demonstrated in the

Anaerobic glycolysis or the SLHP pathway is the other 
alternative and the main route of G*6*P. Many of the enzymes

The presence of lactic acid in the skin testifies to the forward 
catabolism of glucose to pyruvate, but the reverse of this process 
(anaerobic glycolysis) has never been demonstrated. This seme 
to mean the skin cannot take its lactic acid and convert it to 
glycogen through glucose«b»phosphafce. toe enzyme diphospho* 
fructose phosphatase which acts on fructose*!,6*diphosphate to 
fora fruetose-6-phosphate has not been demonstrated in the akin.

toe hes^GBionopnosphate shunt is an important pathway
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The enzyme is also absent in muscle but it is present in abun
dance in the liver, where blood lactic acid is absorbed and 
converted to G-6-P and glycogen for storage. As will be pointed 
out later the absence of this enzyme is significant to the role 
the skin plays in maintaining the carbohydrate milieu of the 
body.

The tricarboxylic acid (TCA) cycle is the next pathway 
following the BMP metabolic path. Through pyruvate glucose 
enters the Krebs cycle as acetyl CoA. Acetyl CoA can be used 
for protein and fat synthesis. The various intermediates of 
the Krebscycle were also found in the skin but the low oxygen 
consumption, carbon dioxide production, end the accumulation 
of several intermediates suggested that its activity is * mited 
(less 88»li9> 121» of glucose is metabolised through
the TCA cycle).

Lactic acid seems to be the main product of glucose 
catabolism to the skin. Approximately 708. of glucose can be 
recovered as lactic acid by using radioactive chromatographic
techniA^P* '* The greatest portion of the lactic acid

410(in the skin) is made by the epithelial tissue as was
121demonstrated by quantitative studies and by the distribution

147
studies of lactic dehydrogenase in the skin. The high
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concentration of lactic acid in swat (greater than 250 mgX)
and on the akin surface Is due in part to lactic acid secreted by

352
the swat glands. Immediately after sweating, the abundant

309(p,210)glycogen content of the sweet gland calls disappears. The
concentration of lactic acid in whole akin is far less, approxi-

275
mately SO to 80 mg%. The concentration of lactic acid in

397
blood is between 10 to 20 mg% at rest or with mild exercise.
The in vitro studies of the lactic acid content of the skin
were supported by the in vivo studies showing the presence of

275large amounts of lactic acid in whole skin. Pillsbury 
noticed that rabbit whole skin lactic acid concentration was 
approximately 80 mg*, and increased if the animal was fed a 
high carbohydrate diet. In contrast, if the animal was 
starved for a week but fed adequate amounts of water, the whole 
skin lactic acid concentration dropped, at the most by 502,.
This lactic add in the starved animals cornea from the epidermis 
rather than from the sweat glands as there are no sweat glands
in the hairy akin of rabbits. In humans, fetal skin forms

21
about twice ae much lactic acid as does the adult skin.

It should be understood that when most investigators 
are sampling the glucose content of akin they are taking a 
specimen of site with epidermis plus dermis (whole skin) ; most



ot the Ipecimn is derale. Also since free glucose does not
141

exist in epidermal cells, the free glucose measured by 
them comes from the extracellular compartment of the skin —  

the dermis.

fit# glucose content of human skin taken from fasting
subjects was reported by numerous investigations from as low
as 4 355,364,365,368,369

81.5 iag%. For various animals
the value, ere different (a) dog 60 to 101 »gi'
<b> rabbit 96.9 to 153
of values erouud 100 to 110 (c)^ - ^ )  .364.560.569

7® MB53 to 81 ag% <d) rats 80 to 104 mg%» ' (*) guinea pig 110
365

mg% and (£) cats 97 ogl. The values differ hut what is
surprising is the ratio of the skin glucose value to 

blood glucose value, i.e. mg/100 m  (skin): mg/100 cc (blood). 
These ratios expressed in per cent: (a) man 59 to
61%, (b) dog 106%, (c) rabbits 128 to 142%, (4) mice 64 to 67%, 
<«) rafce 125%, (f) guinea pigs 132 to 143%, and (g) cats 151%.
These ratios again illustrate the point that if they were 
expressed on a volume (skin extracellular space) to volume 
(blood space) bests, the concentration of glucose in the skin 
would be even higher.

Dietary intake affects the concentration of glucose



ia the akin. A dietH rich in carbohydrate caused a significant 
elevation in fasting skin glucose (FSS) and fasti^wSldtf'*n''
glucose levels (FSS). this was not verified by Plllsbury and

278
Sternberg who did not find consistent differences in the 
amount of cutaneous sugar after different types of feedings.
In the feating state, the diabetic has a ratio of skin glucose

365
to blood glucose which nay be greater than the normal ratio

362 212
and the FSS exceeds 68 mg%. A recent interesting report,
concerning infants and children with Candida Albicans infection
of the skin, showed that these patients had normal fasting blood
glucose (FIS) values but their FSS values were 2 to A times
greater than their FSS values. In one child 1% years old the
FSS was 90 mg% and the FSS was 345 mgX. In patients with
paoriasie it was reported that the glucose content of the

235,296uninvolved skin was considerably higher than normal
362,367(65 • 106 m$% versus 54 * 56 og%). Urbach stated that

certain patients with chronic dermatoses, such as chronic 
furunculosis, have e high fasting skin sugar level and a normal 
blood sugar curve. Usually these patients were recalcitrant to 
therapy until a low carbohydrate diet was started. He termed 
this condition “skin diabetes.'* The addition of insulin therapy 
in these patients resulted in improvement of the clinical 
manifestation of the disease state. He purposely placed certain
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patients with furunculosis on a high carbohydrate diet and found 
their disease process exacerbated. It appears that the concept
of the skin as a temporary storehouse of glucose as suggested by

79, 309<p.469),%2,3<>5
Urbach and others may be valid and in certain
disease states the glucose may be retained even longer than

278
normally. PiUsbury and Sternberg showed the course of
experimental skin infections in doge was more severe in dogs
(Mi a high carbohydrate diet than in dogs on a low carbohydrate diet.
The polymorphonuclear leukocytes phagocytotic activity is Inhibited

230,287
in the acidotic diabetic patients. Also high lactic acid

103 228
concentration inhibited Ft® phagocytosis. In diabetes Menkin
showed that the concentration of lactic acid and hydrogen ion
was higher in the inflammatory exudates of diabetic hosts than

275
in normal subjects, PiUsbury showed that the lactic acid 
content of the skin of sum (50 to 80 «g%) and animals was 
elevated after intravenous dextrose injection.

Another aspect of cutaneous susceptibility to infection 
is the presence of glucose on the skin surface. Investigative

m
reports in this area are confusing, Carrie and Koenig 
showed that glucose was excreted onto the skin surface through 
the sweat glands, and that diabetica had a large amount of glucose 
on the skin surface. The fact that the sweat gland excreted 
glucose was widely accepted until recently when it was shown
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201.202there was no increased amount of glucose in the swat of diabetics.
322

Schulze and Kuna showed that less than 101 of the reducing sub
stances of swat and surface file was glucose. With the advent 
of the specific enzymatic method for glucose (glucose oxidase)
and the test tape (Lilly) glucose oxidase method, Miller and
231

Ridolfo reported that some patients with abnormally elevated
blood sugar levels had positive tests if the test tape paper

353 263
was held between the fingers. telling, Parker,

46
Blumsohn afcd Jackson could find no correlation between positive 
test tape testa on fingertips of patients and their blood sugar
levels (including oral and cortisone glucose tolerance tests).

395
West, Rockwell, and Wulff concluded that glucose on the 
skin surface was due to factors which were unrelated to the 
presence of diabetes meliitus or blood sugar levels both in 
normals and diabetics. Their data did show a higher incidence
of positive test tapes (surface tests) in patients with diabetes

416
meliitus. -alas, Schragger and Cushner studied the glucose 
content (determined by test tape method) on stripped (decornified) 
skin of patients* forearms and compared the positivity or 
negativity of the tape to blood sugar levels. Normals and 
diabetics were studied. They reported that normal subjects 
did not have positive test tapes but that diabetic patients 
spill glucose through the decornified skin above 182 iag% blood 
sugar. The unstripped skin of the finger tip was always negative.



Only diabetics were studied and nomal subjects were not subjected 
to high blood sugar levels (above 180 «g%). since it has been 
demonstrated that even in humans, skin sugar concentration 
may exceed blood sugar concentration their interpretation of 
their data ie questionable. Their conclusion of a close cor
relation between hyperglycemia and the presence of glucose on 
the surface of the stripped skin oust be re-evaluated in normal
persons with respect to the glucose concentration of the extra-

320
cellular compartment of the akin. Schragger determined the 
glucoee concentration in thin slices of epidermis (removed with 
dermatome and local anesthesia) and found that glucose was present 
in epidermis if blood sugar levels were greater than 160 mg%. A 
review of their paper revealed the following items were not men
tioned: (a) whether the subjects studied were normal or abnormal, 
(b) the number of subjects studied (from their chart it could be 
three or ten persons), and (c) the effect of the local anesthesia 
on skin glucose concentration and blood supply of the skin. Again 
the extracellular compartment of the dermis was not taken into 
account.

365
Urbach showed that when a subject was given oral 

dextrose the glucose concentration of the akin rose and fell 
in a characteristic pattern. When dextrose (100 gm) was given 
by mouth, the blood showed a maximum glucose concentration in
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on® hour, and It returned to normal pre-fasting level# in two 
hours* On the other hand, sample# of whole skin showed that 
the skin reaches its maximum glucose concentration in one hour 
mod took three hours after the ingestion to return to pre-fasting 
glucose levels* This response of skin following the eeel ingestion
of dextrose Urbach called the "skin auger tolerance test."

3S6Tsukada reported that while the skin glucose level 
was dependent on the acid or alkaline character of the diet, 
the blood sugar was more or less independent of the acidity of 
the food. In animals fed on oats or cabbage the skin sugar 
tolerance exhibited appreciable fluctuations in concentration, 
while the blood sugar stayed fairly constant. The skin sugar 
tolerance was decreased by alkaline ash food (cabbage) and 
increased by an acid ash diet (oats)♦ Similarly oral hydro* 
chloric acid Increases and sodium bicarbonate decreases the 
iin’s capacity to absorb sugar. As will be discussed later, 
this is another reason for not using the oral administration 
of glucose in doing a skin glucose tolerance test. This effect 
on the skin glucose level might be related to the alteration of 
the pH of the extracellular fluid. White, Handler* and gsdth 
state that "because of the acidic nature of the ash of most 
foodstuffs and of the organic acids which arise in metabolic 
processes, there is a constant addition of acid to extracellular
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fluid. As a consequence, the urine of man is acidic, as compared 
with extracellular fluid. The compensatory control exerted by 
the kidney prevents sodium lose and normal extracellular fluid 
is remarkably constant in composition and volume as well as pH. 
Subsistence on a diet which consists largely or exclusively of 
fruits and vegetables (cabbage) results in the opposite situation,
i.e., addition to the extracellular fluid of an excess of alkali 
which is eliminated in the urine.5* TsukedaP"* found that 
injections of insulin had decidedly less effect on the skin 
sugar when the animal’s diet was aciditlc than when it was 
aikelotic. The difference was so great that animals on oats 
diet and injected with, insulin had no hypoglycemic symptoms, 
but animals on a cabbage diet and injected with insulin had 
severe muscle spasms.

Another factor influencing the skin glucose tolerance 
curve was the amount of carbohydrate in the diet. A low carbo
hydrate diet caused a diabetic-like blood end skin glucose 
tolerance curved In a depaacretectomised deg^*^''
the skin sugar concentration became much higher than the 
blood sugar after oral dextrose administration, The skin 
glucose not only rose higher but remained at an elevated level
for a considerably longer period than did the blood sugar
79,304,365,369levels. In patients with diabetes mellitus, this



47

delayed rise in skin glucose concentration was even more 
pronounced and prolonged. of course if these values were 
calculated on a volume basis, the concentration of glucose
in the skin would be higher than toe blood.

362 3SS
Urbach felt there is a email group of patients in 

who® blood sugar values were normal but fasting skin sugar 
levels were abnormally elevated. This discrepancy was wen 
greater wen the glucose tolerance teats (akin end blood) were 
compared; that is, the blood glucose tolerance test was normal, 
but the skin glucose tolerance curve was delayed and diabetic, 
like in its pattern. Fen: this situation, he coined the terms 
"cutaneous glycohistechla" and "skin diabetes." He thought 
such a situation might be the cause of certain dermatologic 
entities, such as furunculosis. In any caee Urbach’s work 
was never duplicated, and its physiological and clinical signi
ficance remains in doubt.

The amount of glycogen in skin depends upon what part 
of the skin is sampled. In the adult, glycogen is found intra
cellular ly, Mien authors report epidermal glycogen content, 
this represented tb© outer epithelium of the skin. Dermal 
glycogen is the concentration of glycogen in the deeper < ^ 1  

slices, which contain epithelial structures such as hair follicles 
and west glands which are known to contain glycogen histochemicaHy. 
Gornbleet reported the glycogen content of skin (whole was from
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60 to 80 mg%. Pillebury end Sternberg measured the glycogen content
2of dog skin between 75 to 137 agX. Adachi showed that the measure, 

ments of glycogen in earlier studies were not specific for glycogen 
and the actual values were probably 1/10 to 1/3 of previously 
reported values. The glycogen content of the epithelial tissue
of the skin is therefore small in comparison *& ♦erdsfap̂ ltee but

200 278
it does increase after injury to the skin. Pillsbury end Sternberg

251
end earlier, Marabara, found little change in skin glycogen content 
due to variations in the diet. The same lack of change In akin
glycogen of doge and rabbits was demonstrated even after intra-

79,113,251 . yg
venous injections of glucose. Insulin injections caused the 
skin glycogen concentration to increase in amount. The akin of
diabetic patients has a lower concentration of glycogen than normal387
subjects. In the past it was thought that the glycogen present in

2
skin was not very labile, but Adachi showed it was in rapid squill, 
brium with glucose. In adult life, glycogen can be found in the 
skin only Intracellularly, but in fetal life, it ie abundant extra- 
celiulariy within the dermal ground substance. At about the 5th
month of fetal life, the dermal glycogen content starts to decrease,

1,311,328
and at birth there is still some dermal glycogen present. This fact 
suggests that the skin can store glycogen extracellularly during the 
early fetal stage sad remove it by the time of birth. Indeed e 
unique situation is present in the skin which has not received its
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**• attention. During fetal life the enzyme glucose 6-phosphatase
1b absent from the liver. This suggest# that the liver cannot
then release it# stored glycogen to the blood. About 2 or 3
days before birth the activity of this enzyme Increases from
aero to a high degree of activity and the glycogen content of

77,254
the liver decreases accordingly. One waders if the dermis has 
the enzyme glucose 6*phoephataae extracellularly and If during 
fetal life the dermis is slowly releasing glucose for consumption 
in other parts of the fetus, beraei glycogen slowly disappears 
in the last 3-5 months of fetal life and is either being used 
locally or syetomically or both. This ability of dermis to store 
glycogen appears to be lost in adult life.

In summary the general pattern of glucose metabolism 
and kinetics in the integument appear to be modified by the local 
conditions of the skin, these modifications give the akin a 
somewhat special relationship to the rest of the body with respect 
to glucose metabolism and kinetics.



50

IV, Some Bmaafcoiegle Diseases Aseuciafced with Abnormal 
Carbohydrate Metabolism

There are several dermatologic diseases which have been 
associated with abnormal carbohydrate metabolism. Patients with 
diabetes ocllitus have cutaneous disorder® which are related to 
their altered glucose metabolisms however abnormal sugar metabolism 
has not been obvious but only suspect in such diseases ae pyoderma, 
denaatoiaycosis, acne vulgaris and cutaneous disorders complicating 
Cushing's disease. A review of these diseases, with respect to 
glucose metabolism gives us a better understanding of the rela- 
tlonship between these diseases wad abnormal carbohydrate 
metabolism in the skin,

The most striking example of abnormal carbohydrate meta
bolism is diabetes mellitue. The high incidence of infections among

33$
diabetics is well known. In the pre-antibiotic sera, infections 
rivaled diabetic coma as the cause of death in patients with diabetes 
aellitus. In shown that infection was the cause of
death in one fourth of 800 diabetic petlents while pneumonia 
accounted for only l/ldth and urinary tract infections 1/dOth 
of the deaths. Since the advent of antibiotics, Infections account 
for only 6 % of tiw diabetic deaths. Von Herrlwi and Isaac to 1S25
studied 25,009 patients with diabetes mellitus and reported that

13?101 of thee® patients suffered fro® pyoderma. Greenwood reported
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a significantly higher incidence of pyoderma in diabetic patients.
_ 309<p.47S) 177.Z22.2Se.2ieRothman sad several other sutHors state that diabetica have an

increased susceptibility to staphylococci end monilial infections.
52

Boelell stated that epideroophytoais is the most common akin
infection in diabetic patients. Between 25 to 50 percent of

137the patient* have this type of infection. Greenwood examined 
500 patient* with diabetes and found 198 cases of deraattaaycosis 
(approximately 40%). It is difficult to evaluate incidence of 
fungus infections in diabetics since the occurrence of the same
disease in the general population is high. In a clinical study

306
Rosenthal, Baer, Litt, Rogachefsky and Furnart showed 12% of 
normal people had viable fungi present in rum-diseased skin of
the feet while 74% of patients with dermatophytesis had viable

SI
fungi in the same area. B tttler, Houghton, and Cooper reported 
an incidence of dermtomycosie of 13% in large series of normal 
young men.

the high incidence of Infections in diabetes were pre
sumed to be due to abnormalities in the host's defense mechanisms.
Many of these processes though have been found to be normal, (e.g.,
_ 24,234,254,296,299.334the response to standard antigenic stimuli, the growth of bacteria 158

158 2§8,3G2in tissue fluids, the activity of complment, the local inflam
matory response in the absence of acidosis and the rate of 
clearance of bacteria from the blood stream during experimental
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86.299 . %bacteremia). There i» evidence to indicate that diabetic acldosie
may change inconsequential bacterial and fungal infections into

26*317 267rapidly spreading, severe processes. Perillie, Nolan and Finck 
showed that the appearance of polyoorptiomtclear leukocytes in 
the inflammatory responae (Rebuck window technic) was significantly 
delayed in patients with both renal and diabetic acidosis. When
the diabetes was “well controlled” the delayed response reverted

328
to a normal response, Sheldon and Bauer showed the same delay in 
appearance of the leukocyte at the inflammatory site in ecidotic 
alloxan diabetic animals, -mis delay in local defense mechanisms
may account for the success or failure of microbial growth and

230 73 218
invasion. Both Cohn and Marble showed that M B  obtained from
non-acldotic diabetic patients exhibited normal phagocytic activity,

62
It was reported that polymorphonuclear leukocytes of ketoacidotic 
diabetic patients exhibited a suppression of phagocytic activity. 
This abnormality was correctable by treatment of the acidosis in
the patient. It could not be corrected by in vitro experiments

317
such es the weening of toe cells with normal serum. Observations 
on ecidotic alloxan diabetic rabbits showed that bacteria were 
still present extrecel lu lsr ly in large number despite a good'MB 
leukocyte response twenty-four hours after toe intraderoel injection 
of staphylococci. There is good efidcnce that leukocytes of the
patients with diabetes meliltua share the abnormalities of the

93<p,39),M2,22l
metabolic defect in carbohydrate metabolism.
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Diabetics in "poor control" have a higher than normal 
incidence of dermatitis in the anogenital region. These dermeti- 
tises ere often complicated with Candida albicans infections.
The high incidence of oonilial infections of the anogenital

338
area in female diabetic patients is well known. Candida albicans

85,133,192 ,220,223,385
is not usually found on the glabrous skin of healthy individuals.
In certain areas such as the intertriginous areas of the anogenital
region and the interdigital webs of the feet, these organisms

162,163,380
can be saprophytic and can be cultured from normal people. Candida
albicans is also found in 6% of non*diabetic patients with other

223
' non-mooilial dermatologic disorders in which the organisms are

74
either pathogenic or saprophytic. Pathogenic Candida species
survive saprophytically on the moist skin of the intertriginous

70 366
areas. Orbach and Lents stated that the increased auger content 
of the diabetic ekin was clearly a potent factor in the increased 
incidence of candidiasis.

Hsny observers reported the association of chronic 
cutaneous and oral candidiasis with endocrine dysfunction, in
particular the combination of superficial candidiasis with

259,313
bypoadrenalism, hypothyroidism, hypoparathyroidism and malab*
149,346,396,40$(p.76)
sorption syndrom#. These metabolic defects have profound effects 
on many metabolic processes, one of which is carbohydrate metabolism.

As noted in the review of basic carbohydrate metabolism 
the pituitary-adrenal-penerees axis is a eaapUaatad system.



34

Some products of the pituitary glands and adrenal cortex cause 
profound changes la carbohydrate kinetics and metabolism, this 
la seen clinically in Cushing’s syndrome. As in diabetes mellituo, 
patients with Cushing’s syndrome have a high incidence of fungus 
infections. Mllsbury and JacoSsSa reported a case of Cushing*s 
syndrom is which the patient developed widespread trichophyton
rubrum infection soon after the meet of the symptoms of the

20$
syndrome. Lorincs and Reiener reported a similar ease in 1955.
m
Bremer reported two eases of Cushing’s syndrome with dematomycosis. 
Both patients had adrenal tumors which were surgically removed. 
Following tile alleviation of symptoms from surgical removal of
the tumor, the fungus infection cleared without treatment.

67
Ceniearee, Skatin and Kellert reported eight patients with 
Cushing’s disease, three of whom had widespread trichophyton 
rubrum infection. Two of the three patients bad abnormal
amounts of glucose la the urine and the urinary findings in the third

253
were not reported. Kelson and McNieae reported a patient who 
developed widespread trichophyton rubrum infection twice after 
the onset of symptoms of Cushing’s syndrome, in both instances 
the fungus infection receded first after partial adrenalectomy and
then after total edreoelectomy. The patient had abnormal glucose

46 47levels during each infectious episode. In a study of 102 patients 
on continuous steroids for "lower gastrointestinal problems," 
approximately 10% had tinea versicolor while there was not e single
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case in 82 control normal subjects. It was suggested that fungus 
infections occur in patients with Cushing's syndrome because
there is e suppression of various imunologic tie es. It is 
well known that steroids cause a depression of the immunologic 
system. This is seen in the depression of lymphoid tissue mass,

accepted that dissemination of deep fungus infection in experimental 
animals is entranced by the use of systemic steroids, to animals 
given corticosteroids there was some decreased resistance to

themselves do not promote the growth of fungi, however, if the 
breakdown of immunologic defenses were paramount in the spread of 
dermatomycosis one might expect a high incidence of generalised 
dermatomyeosie in patients with lymphoblastoma since these patients 
have a breakdown in their immunologic defense$ yet the incidence
of fungus infections is very low in these patients, Wilson (in 
discussion) reported five patients with diabetes mellitus and 
widespread Trichophyton rubrum infection. Pour of the five 
patients had fungus infections before the symptoms of diabetes 
were discovered. He had also observed a patient with chromic tri
chophyton rubrum infection who had glueoeurla while taking steroids. 
Although all these findings may Indicate a breakdown in the patient's 
defense mechanisms another consideration has not been ruled out; 
the possibility exists that the skin may hare a high concentration

m wW  y  9 N rw $ m  w wexperimental dematasycotic infections, to was shown that steroid®
292

170, 189, 293,294
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of glucose in the skin which in turn supports fungus growth.
310Rothman in 1953 reported 20 patients with recalcitrant 

trichophyton rubrum infections, thirteen of idiom had a fiat oral 
glucose tolerance teat, Hands? reported a patient with tricho- 
phyton rubrum who did not improve on griseofulvin. After dis
covering the patient had diabetes, tolbutamide was added to

67
hie therapy and the fungus infection cleared promptly. Wilson 
(in discussion) stated that the efficacy of grteeofulvin against
trichophyton rubrum was not reduced by uncontrolled diabetes.

40bWilson, Plunkett, and Gregeraen reported four cases of tricho
phyton rubrum infection in which there was no abnormality of

67the blood sugar tolerance curve. Rothman (in discussion) 
later stated he was not able to confirm his early report of 
a high incidence of abnormal glucose tolerance teste in those 
178 patients he previously reported after he increased the 
number of patients tested to 72. Abnormal carbohydrate 
metabolism may not be the principal factor in promoting 
superficial fungus infections but the possibility exists (from 
the consideration of the above reports) that abnormal carbo
hydrate metabolism may complicate and alter the severity and
course of the mycotic infection.

58
Burke induced tinea versicolor infections experi-
norma1

mentally inhuman subjects and two patients with Cushing disease.
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All of these individuals had induced or spontaneously elevated 
plasma cortisol level*, After the cessation of steroid therapy 
(and bilateral adrenalectomy in one patient with Cushing’s 
syndrome) M. furfur, which previously had been present could 
no longer be cultured even though the patients had not received 
say topical therapy, the authors of the article considered three 
susceptibility factors: (a) genetics (b) chronic illness and
(c) changes brought about by abnormally high endogenous or 
administered plasma cortisol levels. With the last factor 
they considered possible negative nitrogen balance and a possible 
decrease in the sulfate content of the skin. They did not take 
into account the effect of cortisol (the prominent glucocorticoid
of the body) on carbohydrate metabolism.

278
Pilisbury and Sternberg stated “many observers, in* 

eluding ourselves, have gained the impression in clinical work 
that non-diabetic patients with superficial infections of the 
skin are often found to have been eating excessive amounts of 
carbohydrates and that in some of these patients adjustments 
of the diet in this regard are a factor in the production of 
clinical improvement.n The above <$uote comes from the period 
of the 1930’s when great emphasis was placed on abnormalities 
of carbohydrate metabolism as cause of many diseases. A more 
recent clinical observation is of interest. A British physician
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recorded bis experience in a Germ® prisoner of war estop in 
World War II. At this camp the regular diet consisted of a 
balanced diet of 1000 calories per day. It was noted that 
regularly once a month "pimples, boils, and carbuncles with 
yellow staphylococcus pustules" broke out among the prisoners.
The medical sick call was regularly busy once s month with 
these patients. Hie outbreak lasted about one week. This 
regular event went on many months and then suddenly stopped, 
efter which the outbreak of pyoderma was rarely seen trod then 
only in an occasional patient. It was later discovered that each 
outbreak of pyoderma followed the monthly delivery of Bed Gross 
parcels which contained substantial amounts of sugar and chocolate, 
Pracitically all prisoners ate the contents of these packages 
within a few hours, The pyodermas then appeared within the 
next several days. The sudden cessation of the monthly out
breaks of pyoderma occurred when the lied Cross packages were 
stopped (hiring the last year of the war. This same British 
physician also noted that during the Olympic games in the late 
1930*a, the medical officers at the games reported a high inci
dence of boils among the athletes. It should be noted that at 
that time it was a belief and common practice of athletes, that 
heavy ingestion of glucose was useful energy source. Most 
athletes ate sugar in large amounts during the period of the
games
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Pillsbury and* Sternberg reported similar pyoderw 
la a large series of dogs cm dietary experiments. The invest1* 
gators induced experimental staphylococcic and streptococcic 
infectious in the skin of these animals and found that cutaneous 
infections were in general definitely more severe in animals with 
a high carbohydrate intake than in those on a low carbohydrate 
or high fat diet. As mentioned before, the incidence of fungus
disease in Cushing’s syndrome appears to be higher than the

257
incidence of fungus disease in norms.1 persons. Psnceuesi 
reported a patient with pyoderma vegetans and Cushing’s disease.
The pyoderma from which Staphylococcus albue was isolated promptly 
cleared after x-ray therapy of the hypophysis. The elevated plasma
corticeids decreased after therapy.

210
MacKenna and Lehmann reported 7 patients with

hydradenitis suppurativa. Five of the patients had flat oral
287

glucose tolerance curves. In another report the glucose tolerance 
curves were found to be abnormal in six of thirty-six patients
with severe furunculosis. Using the intravenous glucose tolerance

227
test Minogh, Foster, and Reyner showed that 91% of 34 patients 
with furunculosis had decreased (abnormal) tolerance for glucose.

In any consideration of carbohydrate metabolic abaor- 
malttiee in dermatologic disease states, some clinicians mention 
acne vulgaris. This is possibly one of sum’s most ubiquitous
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and comma diseases. It is unique to m a  SB it has never been
M 4described in other mammals. This disorder baa many factors which 

influence its clinical course but the diet of the patient is
342mentioned often as « prominent factor in the cause of exacerba-

^06tions of the disease, Lorinca and Bothemn stated in a review 
of acne in 1938 that •'most observers feel that excessive intake 
of carbohydrates and fats may aggravate the disease,” and they 
cited some experimental evidence “that diets excessively rich 
in carbohydrates or fats increase sebaceous gland activity.”
Lob its noted that the clinical experience of physicians in 
Europe during World War 11 was that acne disappeared during 
the starvation years and ’'returned in full form on the return 
of good diet,” Be stated also that the ingestion of carbohy
drates or fat had the same effect cm sebum levels in normal men 
and in mao with acne; that is, both diets increased sebum levels 
in the skin of^b^th groups, these results were verified in 
animals. Urbach end LeWinn noted that acne patients ate 
excessive amounts of carbohydrates and silk, and in spite of 
their high caloric intake, appeared to be underweight. Bettley- 
felt that 25 of his 33 cases of moderate to severe acne ate
excessively and enormously of carbohydrate, silk, or cheese,

8
in spite of which 2/3 were 10 to 30 pounds underweight, Andrews
in 1961 concluded that the majority of acne patients "eat
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excessively of carbohydrate and milk’*.
On the other hand, other authors have denied the role

of excessive carbohydrate Intake or any abnormal carbohydrate
389

metabolism in sene patients. Way noted that a defect in carbo
hydrate metabolism was not apparent in acne patients. He felt 
that foods provoking the occurrence of the largest number of 
lesions ware in the following order, with the first listed being
the most provocative: wheat, tomatoes, milk, chocolate, nuts

8©
and spinach, Cornbleet and Gigli felt most dermatologists 
agree that chocolate and nuts as well as iodides and bromides 
exacerbated acne. But there was disagreement about the effect
of fats and lipids; however, many physicians have limited sugar

80
intake in the acno diet. Cornbleet and Gigli went on to examine 
two groups of acne patients, the only difference between the 
two groups was the mount of sugar in the diet. They concluded 
that there was no difference in the clinical results of the study.

m
Crawford and Swart* actually fed a high carbohydrate diet to 10 
acne patients while the patients were hospitalised. They also
gave theta daily intravenous infusions of 5% dextrose/witer.

409
None of the patients showed any change. Wise and Sulzberger 
stated that ’•while clinical experience tends to show that a diet 
high in carbohydrates and sweets seems to make some acne cases 
worse there is not m  iota of scientific evidence that there is 
any disturbance of carbohydrate metabolite in acne.1*
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It appears that if there is abnormality in carbohydrate 
metabolism, the measurement of the blood glucose and glucose 
tolerance test should be useful. In the last 40 years there 
have been numerous reports with respect to oral glucose tolerance 
test results in patients with acne vulgaris, the first report 
was published in 1922 by Levin and Katn, who found 50% of their
34 cases had a fasting hyperglycemia and 23 patients bad normal

225glucose tolerance curves. Xn 1929 McOlasson showed that hyper*
363

glycemis was almost a constant factor in acne. About 1930 Urbach
66and Campbell reported that the majority of their acne patients

had abnormal oral glucose tolerance tests and fasting hyperglycemia.
34g

In 1932 Strickier and Adams reported 101 cases of acne in which 
20% had a fasting hyperglycemia which was abnormal. They were
reluctant to call these results significant although 1/5 of

227
their patients had abnormal test results. In 1937 Menagh and 
Foster used the intravenous rather than the oral glucose
tolerance test to evaluate 76 patients with acne; 53 or 70%

325
had an abnormal test (decreased glucose tolerance). Simon and
Herr&ari reported and treated 11 acne patients, nine of idtcaa had

8
Abnormal oral glucose tolerance tests. Andrews noted moderate 
impairment of carbohydrate tolerance more often in acne patients 
than in normal subjects. He reported also that the results of 
the tests did not correlate well with the clinical state of the
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patient. In that same year Battle? found 12 of his 33 patients
with acne had moderately elevated oral glucose tolerance teats.
16

Barber felt that the abnormal glucose tolerance test results
In acne were valid, and therefore carbohydrate Intake should
be restricted in these patients.

The rejection of any relationship between abnormal
carbohydrate metabolism and wine was supported by several authors,

111
fisher in 1928 found only 3 acne patients out of 70 with hyper* 
glycamia. On the basis of the results of intravenous glucose
tolerance teats on only a small number of acne patients Mullins

246
and Maylor concluded that the intravenous glucose tolerance test
proved to be of no particular value in determining abnormalities

80
in theae patients. Cornbleet and Sigli stated in their study 
on acne patients that the oral glucose tolerance test results
were more normal in the acne group fed with sugar than the acne

402
group not fed with sugar, wiener concluded that there was no 
clear evidence of consistent blood glucose abnormalities in acn®. 
With ail this controversial evidence, it seems fruitless to 
examine this question of glucose tolerance curves further, yet 
new findings on the validity of the oral glucose tolerance tests 
may reawaken interest in this controversial situation. These 
new findings will be discussed later in the thesis. Another 
method of measuring abnormal carbohydrate metabolism in these 
Stone patients is by studying adrenal cortex output in these

38



patients.
Aa mentioned before, 1? feet©steroids are in the urine,

an expression of androgenic steroid production and adrenal cortex 
USSteroid activity, fart of the androstamadione production is free 

17 - hydrosyprogeatorone which is the precursor of U  desoxycor-
tiaol and cortisol. Approximately 10 to 20% of cortisol and cor-

IWtisone is excreted as 17 ketosteroide in the urine. In 1930
26C$Mar end saad Corti reported the quantity of 17 ketoeteroids la 

24 hour urine output of 26 patients with acne. Both saxes were 
represented in the study and the age range m s  from 15 to 35 years. 
Patients were not being, treated at the time of the teats. The 
output of tiie 17 ketosteroide was significantly elevated both in
males and females when compared to controls ( 1'25 mg* and

63IS.3 mg. vs. 7 mg. for controls). This finding was verified 
in female acne patients in 1951. normal subjects and patients 
with psoriasis acted as controls. The patients with psoriasis 
had lower values titan the normal group.

As mentioned before, glucocorticoids are ,l insulin 
antagonists". In a large series of acne patients and controls,

w
Crulckahank end Fairborn showed that cases of acne vulgaris die- 
played a statistically significant increased urinary output of 
glucose. Also the degree of clinical severity of the eruption 
in males correlated with the amount of winery glucose output
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by the test subjects. Tolbutamide la 12 patients (0.5 gm twice 
a day) for 8 to 12 weeks did not change the pre-treatment giuce* 
suria levels. This amount of urinary glucose excretion was in 
large measure independent of variations in the dietary csrbohy-

m
iterate intake. The renal glucose threshold was not exceeded in 
these patients. Glucose, along with amino acids, phosphate,
bicarbonate, sodium, potassium and chloride are actively reab-

244,334
sorbed la the proximal tubules. Wine glucose content of healthy 
individuals is about 10 to 20 mg/ 100 ml urine; glucosuria between
20 to 150 mg/190 ml urine is abnormal and is not detected by

39
standard urine glucose reduction tests. The values reported

87
by Cruickehank and Fairburn in acne patients were greater than 
20 mg% and less than 150 ag%. This spillage of glucose in the 
urine of acne patients may be related to the "insulin antagonists” 
which are present in blood and are known to be elevated during 
puberty tod the latter half of the second decade of life.

Another substance which has to effect on carbohydrate
metabolism is thyroxine which increases glucose assimilation and

120
aerobic glycolysis la Whole skin. The hormone has profound effects 
cm dermal tissue as illustrated by changes in myxedema end Graves*
disease, kittle is known about its effect m  the piloeebaceoue

122
apparatus. Frelnkel sad Lurie reported five patients in whom the 
first spposrsnce of acne vulgaris or striking exacerbation of a
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previously olid acne occurred 1 to 4 months following induction
25

of eumetabolism by antithyroid drugs. Bsuer and Goodwin reported 
similar findings in a series of male patients with Graves' disease. 
As a result of the above findings, Freiakel and Lurie decided to 
treat 1 1 female patients who had acne vulgaris with l«tri lodo* 
thyronine, the study was well controlled and no other therapy 
was used. There was excellent improvement in all patients and 
their basal metabolic rates (89®) went up an the average +91. 
these patients were previously triad on other forms of therapy 
with mi improvement, the results did not indicate a thyroid 
deficiency, but did indicate an effect of thyroid hormone on the 
metabolic processes of acne vulgaris. It also indicated there 
may be some systemic or focal metabolic effects of thyroxine lu 
this disorder. The local application of thyroid in acne patients
was considered by these researchers to be a fruitful area for

IS8,277(p.187)
further study. Other authors have discounted the use of systemic
thyroid extracts. The possible local effects of thyroid are

U C
interesting in relation to the work of Grover and Arikian 
in 1963, to a careful double blind study with proper controls, 
these investigators Injected regular insulin and glucagon intro* 
dermally into the erythematous papules on the faces of patients 
with acne vulgaris, to each instance, the insulin injection was 
followed by less erythema, and s decrease in the papular else



whereas the injection of glucagon resulted la the acne papule 
becoming redder and more elevated.

The systemic effect of insulin on acue patients has
*18been reported in the past. In 1937 Mortis noticed the rapid 

disappearance of patients* facial acne lesion* soon after insulin
shock treatment for schizophrenia. Fresh lesions cleared with

325
2*3 days awl few new ones appeared. Bimat and Herrman treated.
13 patients 11o  and 2 ' with acne vulgaris with insulin. All 
patients showed definite clinical ioprovament. These patients 
did not receive local therapy. Xn recent years the ’'oral insulin"

ndrugs have been used. In 1959 Cohan and Cohen reported that 
patients with acne allowed clinical improvement on tolbutamide 
therapy. They concluded that the drug aided particularly in
controlling pyogenic infections of the skin. In a double blind

36
study on 35 uaselected cases of acne vulgaris, Bettley felt that 
tolbutamide did not give uniform results. Three patients, who
Showed the greatest improvement, were among the 5 most severe

381.382
clinical cases. In 1961 two additional reports showed that 4
patients with severe papulopustular acne improved greatly on

125tolbutamide. In 1962 a larger series of 116 non-diabetic 
patients with acne vulgaris was reported. In this study 32 
patients were treated with chlorpropamide and 84 were treated 
with tolbutamide. Approximately sixty percent of each group

67
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8hoW6d improvement. Singl,1 Gaind, and Jayra®
reported that 1? of 26 pet teats (65%) with sene wig-arts snowed 
moderate improvement on tolbutamide with five eases sitewing 
marked Improvement mad four cases showing no itaprovecient. Honp 
of these eases had frank or latent diabetes.

fence of Iwperglycoaia and *sori**ia led
150.272, 166 »23? ♦.,236,401,297 Uterafure which /topport/* relationship

tothe occurrence of hyperglycemia , 
many reports in the"
b « « « m  time t »  phenomena *11. '
3 W  286
tionship exists. Koede, Fhssro, and Fisher report an analysis
of 103 consecutive in-patients with psoriasis at Veterans Adoinis- 
tration Hospital, Minneapolis, Minnesota, these patients were 
studied with respect to their (1) oral glucose tolerance tests
and (2) family history of diabetes seellitua and/or psoriasis

123
Using conservative diagnostic criteria and estimating the inci
dence of the occurrence of diabetes aelUtus in general population145 134
at 5% (the usual quoted figure in 1.2% to 3.2%), these authors 
found that 25% of their patients had '•chemical1* diabetes or ab
normal teste. The statistical possibility that this observation
resulted from chance alone was less than 1 in 2,0 0 0 (P 0.0005). 

Also the family histories of these 103 psoriatic patients revealed 
that their relatives frequently had- diabetes and/or psoriasis, 
toe probability that these frequencies occurred in an independent 
manner is less than 1 in 50 (i.e., between p > 0 .0 1 and < 0.025).
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Therefore, the mil hypothesis thesis was rejected. In his study 
of psoriasis Looholt found the occurrence of diabetes in psoriatic 
patients o|^reater than in the general population of the Faroe
Islends. Looholt stated that the difference in the occurrence 
rates in the U.S. and Denmark might be due to another undeter* 
mined factor, Again the methods of determining the diagnosis 
of diabetes mellitua and the basic variability of the oral 
glucose tolerance test are important factors which may influence 
data and altar the etatisticelaaelyeie of that data. This will 
be described later.

the relation of blood sugar to akin sugar is higher in psoriatic* 
than in normal persons. The glycogen content of the skin of
psoriatic patients was found to be higher than that in normal
323
persons. Because of the results of these carbohydrate investi*
gatlone, several authors have treated psoriatic patients with 
"oral Insulin” drugs with some success. Failure of therapeutic
benefit from tolbutamide has also been reported.

In the consideration of any type of infection of the 
skin, not only the carbohydrate concent of the skin is ia^ortant 
but the bacterial and mycotic milieu of the skin have to be dis
cussed. The natural bacterial flora of the skin consist of

•riatics stores
258Fantl found

255,411,331
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Micrococci (noo-pathogenic), Diphtheroids (corynebacteria) 
and Propionibacteria. As mentioned earlier, viable fungi 
can be recovered from the skin of many normal persons. There 
ere numerous means by which the akin partially sterilises itself. 
The acid pH “acid mantle” of the cutaneous surface and the fungo* 
static and bacteriostatic properties of sebum are two esaraplee 
of the skin’s protective mechanisms. Another is the electric 
charge on the superficial keratin layer. The layer ie negatively 
charged and repels the negatively charged bacteria. There is 
also the syncytium of epidermis which acts as a barrier against 
invasion. Microscopic breaks do occur in this layer of cells 
yet bacterial Infections of the skin are not common when compared 
to the number ef microscopic breaks that take place daily in the 
integument, Blek found that it took at least 7.5 x 10° micro 
organisms of staphylococcus injected intradenaally before the 
natural defenses of the subepitheliel tissue were overcome. 
However, if a single suture containing 100 micro-organisms was 
placed intradenaally, an infected pustular lesion was produced.
It was not clear how the presence of foreign body helped overcome 
the defenses of the host. If sebum was injected intradenaally 
it also produced an inflammatory reaction. One wonders about 
the significance of the rupture of the sebaceous gland in acne
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vulgaris and the minimal number of organisms present (invariable 
corynebacterium senes and staphylococcus albuo). Ibis number of 
organisms may be enough to start a local pustular lesion which
does not result in cellulitis but is cleared by systemic anti-

78
biotic therapy.

As far as fungi and the bodies* defenses against them 
are concerned, human serum has considerable fungistatic activity 
and is capable of inhibiting the growth of Candida E&leans. In 
addition to this, hy drossy pro line which is present in the connective 
tissue and not in epidermis inhibits f u n 3fH'*$9ect.

In the survival of any organism on the surfece of the 
skin, the organism*s main need is water. Water is necessary to 
bring food (glucose, proteins, fats, etc.) to the organism and 
to carry away the metabolites of metabolism, toe amount of water 
in the stratum corneum at any given time depends upon the relation 
between the rate at which the keratin receives water through the
epidermal barrier from the underlying tissues and the rate at

41which It loses water to its environment, toe rate at which the 
stratum corneum receives water from the underlying tissues is a 
function of the permeability of the epidermal barrier, and the 
rate at which it loses water is a funfliion of the vapor pressure 
of the environment. Only at high relative humidities does the 
stratum corneum of nonsweating skin retain enough water to support
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the multiplication of bacteria (except in intart rigorous area© 
where the timidity la high if the folde are adjfacent). Bacteria 
needs a humidity of 99% for growth and span* let ion. Fungi need
only 93 to 97% humidity. If water is present in sufficient 
quantity, bacteria find adequate nutritional material in the 
products of the epidermal appendages mod the stratum corneum.
If a dermatosis is present in which serum oozes onto the skin 
surface, protein and glucose are present in higher concentration 
thro found normally on the cutaneous surface. Colonization of 
transient bacteria on the akin is the usual result, since the 
nutritional supply foe bacterial growth on the surface of the 
akin is greater thro normal.

There has been mounting evidence against the view that
fungi (dermatophytes) grow in the stratum corneum because of

156,169
their affinity for karat in. Fungi can grow in a solution con
taining free amino acids, carbohydrates, salts, water soluble 
vitamins and peptides. Dermatophytes are able to grow in a 
peptone media without additional carbohydrates, since amine

the preferential source of carbon for dermatophytes. Amino 
acids provide the nitrogen for growth but fungi prefer the 
latino acids: leucine, argainine, tyrosine rod glutamic acid, 
Hydroxyproline inhibits growth of fungi. Epidermis has the

341

acids do provide a suitable source of carbon
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mimo acids erg loin* and tyrosine in large quantities and no 
hydroxyproline. It else should be noted that dermatophytes are 
unable to assimilate the more simple organic compounds as sources
of carbon (i.e., lactic acid, fonaic acid, acetic acid, carbonate,

341
formate, citric, oxalic, succinic, tartaric and malic acids),
The high lactic acid concentration of the skin, which Pillebury
feals may be important in infections, does not appear to be
necessary foe the growth of fungi,

There are factors which are involved In establishing
fungus infection in the skin and at present they are poorly
understood, this is best exemplified by the wreck of Baer.

15
Rosenthal, Litt and Bogachefsky, in which normal persons, 
who have never had a fungus infection wore exposed to viable 
fungi. These individuals had their skin smeared with superficial 
fungi and their extremities soaked simultaneously in the same 
bath with a patient who had an active superficial dermatophytoscs« 
Hot one person got infected. The same experiment was done with 
20 persons wfco had had superficial mycosis in the past and four 
of these subject* became infected.

Glucose Is an important nutritional source for Candida 
albicans. This is probably why cutaneous infections with Candida 
albicans are so comon in patients with diabetes mellitus.
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Candida species can grow on a simple media of glucose and in
organic ealte with either aomonium phosphate or amroooium sulphate 

, 283,285as the sole source of nitrogen. In a liquid medium the growth
of Candida albicans Increased directly with the amount of glucose
added when the amount wee above 159 u^/100 ml; however, below
this concentration, glucose had little effect on growth of 

175,332
Candida albicans.

She role of abnormal carbohydrate metabolism in the 
manifestations of these disorders discussed in this section (IV) 
are in certain diseases difficult to interpret and yet certain 
evidences presented indicate that the hypothesis of no association 
is not conclusive. The role of abnormal carbohydrate metabolism 
can be clarified with more basic investigations which the author 
hopes the technics in this thesis will allow.
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V. Development and Performance of the Methodology and Technics

In a review of methods used by previous investigators 
to measure the glucose content of skin, it was apparent that the 
technics and procedures used were not uniform nor clearly stated. 
Most used various chemical methods which measured all reducing 
substances, rather than glucose alone. Because of the many 
steps in the usual chemical methods, the reduction of a chemical 
technic to a micro*level was tedious and the error introduced 
by the oicro*menipulation was multiplied for each step in these 
technics, the use of the glucose amid— sweats# radish peroxidase 
enzyme system em m  worthy of trial because it Involved fewer 
steps and less manipulative error and because it was specific 
for glucose and did not measure any of the phosphory 1sted 
derivatives of glucose nor non-specific reducing substances.
Also the enzyme technic was very reproducible.

A complication seem became evident when, in setting 
the enzyme system, the author observed abnormally high results 

when glucose determinations were conducted in the presence of 
glycogen. These results indicated that a contaminating enzyme 
was present in the crude glucose oxidase system and was causing 
a partial conversion of glycogen to glucose. This presented s 
problem with respect to the determination of glucose in the skis,
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*» Slycagea Is present in sufficient quantity to give erroneous 
readings. Binring a one hour incubation period commercial glucose 
oxidase preparations gave s 12-151 conversion of glycogen to 
glucose. The author found that the Soangyi'*'procedure, employing
2toS04 and Ba(OK)2 for precipitation of proteins, removes glycogen

taw
quantitatively from aqueous solution.

Because this eontawinating earbohydrasa enzyme offered 
a airaple eneytaic method of measuring glycogen, which was measured 
routinely only by chemical methods, the source of the glucose 
oxidase wee Investigated and found to be fungi. Enzyme preparations 
for converting grain starches to glucose are used by the brewing 
and syrup Industries. An enzyme mixture called Diazyse (Miles 
Chemical Co.) which i* derived fra® Aspergillus niger was obtained. 
It was found to split glycogen from rabbit liver to glucose in 
951 yields. A simple enzymatic method for the measurement of

Sli3?VSiTi W S  d8V6i0|>ed £m Macro* and micro*determi oat ions 
of glycogen. this is expected to be most helpful in the author's 
future research.

the extraction of glucose from email skin samples was 
a difficult problem, Previous investigators had used large (5 to 
9 osa) places of Akin which were minced with scissors and then 
ground with a mortar and pestle or boiled. The author felt the 
sample itself was handled too mush using these methods* Various
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forms of mechanical grinding at -4®€ and -70°C were tried hut 
these technics Introduced problems of volume determination. 
Mechanical grinding with dimethyl sulfoxide introduced the 
difficulty of the removal of the sulfoxide, Because glucose 
in tbs skin use extracellular ami because the specimen of skla 
was small (3 us diameter and 3-5 m  depth), the specimen wae 
tested for extraction of glucose by diffusion In. 2n80> solution, 
Ihere the glucose diffused out of the specimen into the surrounding 
fluid. Small 3 sa specimens of skin were taken from a fasting 
individual, md  m  shove, were placed in 1% Ztotô  solution. At 
regular intervals of 15 minutes Be (OK)., was added to one of the 
test sam ples. Hie glucose content was determined ensytaatlcally.
As seen to Appendix IV, the glucose concentration of duplicate 
»t*«plo# at each time period, was found to be constant over a 90 
minute period, A second experiment was done over a longer tin® 
period since the skin samples taken from a patient would be in 
solution for approximately two hours. The glucose content of 
skio specimens extracted for 3, 6, and 9 hour periods was 
measured. The results in Appendix V were the averages of duplicate 
determinations. Since these experiments showed no fundamental 
change In glucose values, it m s  fait that the glycogen which 
was present in the skin was not breaking down to quantity
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sufficient to Influence the values. Glucose extraction studies 
ware then done to determine if the glucoae content was being 
destroyed (Appendix VI). three t:ifl» periods w i «  chosen—  

l hour (A), 2 hours <S>, and 3 hours <C). three recovery studies 
were detained at 2 hour® B2, B3 and S4. the following amounts 
of glucose o w e  added to the three seta of tubes $ B2 • 3 g,
®3 * 6 8 » 12 g. Hus results showed recovery rates
of approximately 100%. This simple diffusion method led to 
the least handling of the tissue specimen, la the selection 
of the site from which specimens of skin were to be removed, 
several factors were considered to be important. The site had 
to have (a) minimal blood supply, <b) the least number of epi
thelial appendages, (c) the largest possible amount of extra- 
cellular dismal tissue present, and (<!) minimal sensory innervation.

Regional differences in foam are known for distribution
10 1

and number of capillaries per cubic millimeter. the skin of the
309 (p. 60)

trunk has the least number per cubic millimeter. Where the epi
dermis is thin and the rete ridges are poorly developed (e. 
the back) there are few capillary loops and a scant vascular bed.
The deeper in the dermis the larger the blood vessels become.
The deep vessels at the subcutaneous fat area may be as large as 
50 (arterioles) but in the hypodenn there are only very small
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interanastomosing arteriolar arcades which extend up to the
papillary area a* fine capillaries. The cutaneous vascular
tree appears to be a continuous network of vessels of different
diamt ere depending' upot? depth. The distribution of vessels
is different in different parts of the body. The shallow and
broad papillary ridges in the trunk have a more meandering,
lees constant geometric capillary loop pattern than the rest 

14
of the body. Arteriovenous anastomoses ere found in the 
extremities especially in the skin of the Comas 'and feet.
The convection of heat from the skin by the cutaneous vascular 
system is relatively email except for that brought to the 
extremities and the face where peculiar features of the control 
of the blood vessels permits significantly high rates of blood 
flow, while flow rates in other regions are minimal. The rate 
of blood flow and skin temperature are not substantially influ* 
encad by the capillaries being open or closed. Arterioles and
oeta»arteriolee are contracted on cooling but many capillaries

309 (p. 70)and venules are open.

In considering the vascular supply of the skin and 
its extracellular compartments, it Is apparent that the relation 
between the quantity of blood vessels and the amount of functioning 
parenchymal tissue is not fully appreciated by many investigators.
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The cutaneous vasculature of the skin Is for the greater part 
not associated with the adnexal tissue (i.a., hair follicles,
etc.) and the vascularlastion of the skin is developed far beyond

59,316,407
the nutritional and Metabolic needs of the comparatively thin 
epidermis. The concept of the extracellular compartment of 
the akin as a temporary carbohydrate storage organ is possible 
when the ©ver*va#cularisatio» of the dermis is appreciated.

The skin of the back has the thinnest epidermis and
277(p.l)

the thickest dermis with the least number of epithelial appendages.
The thickness of the epidermis on the back of the average man anti

101,118
woman ia not greater than 100 . The samples of skin used in
this thesis are from the beck and are three to five mu (3000 to
5000 ) in depth. The weight of this tissue sample which is

362,365
epidermis is at the most 2 to 33. of the specimen weight. Urbach?i
and Cornbleet had used specimens which were 5 to 9 mm in diameter. 
They used local anesthesia which moat likely altered the weight
of the tissue and the hemodynamics of the skin site. The author 
does not use any anesthesia and for speed and minimal trauma he 
uaee a high speed motor driven tool (Motor-Tool Model Ho. 1 with 
Collet Ho. 417, Bremel Mfg. Co., Racine, Wisconsin) mounted with 
a 3 am rotary cutaneous biopsy punch (Mlll-Bilt Equipment Co.,
H.Y., N.Y.),

biopsy punch (Mi 11*BiIt



81

A simple torsion balance ( W  Micro Torque Balance 
Ho, A«40*30.04t 10 rag extended range with 5 mg counterweight, 
Brlnkman Instruments, ttestbury, H.Y.) w e  selected because it 
can be transported easily and has an accurate range in the 
tiaeue weight used. Its sensitivity is to e hundredth of * 
milligram. Also the weighing compartment ie a small enclosed 
chamber which retards evaporation from the tissue sample. Re. 
pasted teat weighing of the samples showed variations less than
0.5* over a five minute period. The average weighing period 
regularly used was less than one minute.

The next major problem the author bad to solve was 
how to give the dextrose to the subject in order to measure 
glucose kinetics in the skin. The oral glucose tolerance test 
"lat> used by investigators and clinicians for many years as 
a means of diagnosing diabetes mellitus. m  recent years the 
results of the test in normal and abnormal individuals have 
been fairly well established. The test ie used as a means of 
classifying individuals with various diseases and recognizing 
the early stages of diabetes mellitus. In the oral glucose 
tolerance test the dextrose la ingested, a mode of delivery which 
results in several uncontrollable variables which influence the 
the test. There are great variations in the emptying time of 
the stomach and up to 701 of the orally administered dextrose
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c*n be aspirated occasionally from the stomach 2 boors after
207,7,6

the start of the test, the amount of glucose that is absorbed
5

therefore varies greatly from individual to individual. the 
amount actually absorbed also varies because of numerous other
individual factors such as intestinal motility, the amount of

330,319,207
intestinal surface, etc. Alttumsen has shown that vitamin B 
deficient diet markedly inhibited glucose absorption in rate,
sod that the addition of all 'the know 8 complex vitamins to

48<P.4t©},4
the diet more than doubles the absorption rate, other factors
also influence the rate of absorption of glucose from the gaetro*

68<p.4l0)
intestinal tract (i.e., concentration of cations, especially K).
Of course If any degree of maiabsorption As present as. in

207
steatorrhea there is poor absorption of the dextrose.

As mentioned before there has been great variation in
reports concerning the oral glucose tolerance tests in disease

224
states such as acne vulgaris and psoriasis. McDonald, Fisher, 
and Burnham are reporting the results of a statistical analysis 
on the reproducibility of the oral glucose tolerance test. In 
this report, 334 men under a carefully controlled diet and eswi* 
ronmtsufc were given six complete oral glucose tolerance tests 
during a one year period. A wide range of variability was found 
in these noo^diabetic men at all blood glucose levels, this 
observed absence of homogeneity of variance in individuals was
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fait by the investigators as the basis for the lack of repro
ducibility of the test in individuals, In «n individual*s 
test results the variation within the interval of the person* s 
average was £ 34 sag* ( 1  2 times the median individual standard 
deviation). Also more than 20* of this group varied beyond the 
interval of their average t 34 mg*. This degree of variation 
gave little confidence in interpreting a single test, The 
investigators further concluded that the test does not clearly 
distinguish abnormal from normal individual®. With these facts 
in mind, the author did not believe the oral route of delivery 
of glucose was suitable for his research.

Therefore the intravenous glucose tolerance test was
176given consideration. It was first introduced by Jttrgonsen and 

Mum, Its major advantage is elimination of the uncontrollable 
variable of alimentary absorption in the oral test. Another 
major advantage is that this technic takes only three quarters
of an hour tdiile the oral method takes a minimum of two and

5,209usually twee hows. With the rapid intravenous injection
there is diffusion of glucose throughout the extracellular fluid

5.219
within 10 to 15 minutes.

7
Amafcusio at el showed that if glucose was given intra

venously over a four minute period to a human subject, the plots 
of excess glucose values against time (in minutes on rectangular
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graph paper exhibited an exponential curve. The rate of 
disappearance of excess glucose from the blood was beet repre
sented by the following equation:

Ct * Coe*kt equation (l)
where:

Ct " the glucose excess* in mg/10 0 cc of blood at 
time (t)

CQ « the glucose excess* in tag/100 cc of blood 
extrapolated to time zero. This is not a 
physiological value but represents a useful 
mathematical expression for determining the 
elope of the straight line curve described by 
the experimental data

and

k * the rate of disappearance of glucose from the 
Wood (as % per minute)

A plot of Ct on a logarithmic axis versus t on a rectangular axis
described a straight line with an intercept on the C£ axis (zero

* milligram per cent glucose excess is defined as the amount
of glucose in excess of the fasting blood glucose level in 
mg 1.
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t$a*) of c0* Theoretically such as* egression is independent of 
intravenous glucose dosage end indeed such is actually the case. 
Araatuzio et al demonstrated with the glucose fermentation tests, 
tbit the amount of non-glucose reducing substances in blood' remains 
relatively constant chiring the intravenous glucose tolerance test. 
Also, only an insignificant amount of glucose was lost in the 
urin* during the test. The intravenous glucose disappearance 

r^ 8^ d,not correlate wlttl height, wight (non-obese subjects) 
or age under 50 years. Over the age of 50 years in males and 70
years in females, the intravenous glucose disappearance rates

209
become slgnifleant!y depressed. In doing an intravenous glucose

157
tolerance test, Himsworth and Kerr rccoraaended that the subject 
should be treated as if be were having a basal metabolic rate 
determination. This is understandable sires it ia known that 
exercise increases the rate of entry of glucose into the muscle. 
Afflatusio et al also noted that the intravenous glucose tolerance
test was reproducible only when the test was done under in-patient

■
hospital conditions. Blotner showed that prolonged ted rest of 
a ssinimiuBi of four weeks causes a depression in the oral glucose 
tolerance test. The most important reason for giving dextrose 
intravenously is that the cutaneous glucose tolerance test and 
the mathematical concept as developed by the author can be done 
only with the intravenous method.

7
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Normal subjects wire tested on an ‘out-patient” basis, 
and at the St, Claud Reformatory in St. Cloud, Minnesota, a second 
group of norm Is was placed at bed rest in a hospital for 3 days 
prior to the test. Their only activity mm  'bathroo® privileges.
All normal subjects had no history of diabetes mellltus in them
selves or their family history (first sad second degree relatives). 
Their physical ewmiaatton® and urinalysis (ting**) were normal, A 
group of psoriatic .patients was also tested on an "oot-pstient’ 
basis. A group of diabetics w s  tested while they were la the 
hospital. Their medication w s  withheld before the test m  that 
its effect was not present during the test. All individuals 
(except the psoriatic, patients) fasted were free of any cutaneous 
disease and had never bad an§r eterwtelegie problem®. For one week 
prior to the t*#t, the subject (except for the patients with diabetes) 
received e regular diet with a normal amount of carbohydrate (250 to 
300gm/dsy). During the three days before the test so additional 
amount of carbohydrate was added to the diet in the form of candf 
ingested bet w e n  meals.

Another study consisting of a comparison of the glee©#® 
content of the skin from various parts of the body w s  done in 15 
young normal males ages 23 to 34 years of age. The intravenous



glucose tolerance test (ITCTT) was normal In eleven and slightly 
abnormal in four of these individuals, three specimens of ©kin 
were removed free each of the following sites in these fasting 
subjects $

(1) The mid-back, bordered by the base of the neck, 
second lumbar vertebra, and lateral edges of the 
latiesime dors! muscles,

(2) the right arm overlying the biceps muscle,
(3) over the right upper quadrant of the abdomen, and
(4) the superior portion of the anterior surface of 

the left thigh.
The specimens were rwowed as quickly as possible and the test 
was finished within 20 minutes. Implicate glucose analyses were 
done on each blood and skin specimen resulting in a total of six 
glucose values for each of the above body sites in each subject, 
A total of $0 skin glucose values for each of the four body sites 
was thus obtained fro® 15 subjects.

A test tape (Lilly) experiment for measuring glucose 
on the surface of the akin was done on 14 test subjects. These 
normal individuals had moistened clinical Test Tape (glucose 
oxidase impregnated paper) placed on the following skin sites 
for 60 minutes during an IVCTT: scapulae, aid lower back, 
upper chest (bilaterally), abdomen, arms and palms. The test

87



tap* was kept moist throughout the time for the intravenous 
glucose tolerance test, these subjects were given 35 or 45 gm of 
dextrose intravenously. At the end of each test, the Test Tapes 
were cheeked in order to verify their reliability. The subjects 
had washed only their hands several hours before the test.

The following account is the procedure used in doing 
the cutaneous glucose tolerance test and the intravenous glucose 
tolerance teat (the latter can be emitted or done separately).
If only fasting blood and skin specimens were taken from an 
individual in the farting state, them the latter part of either 
of the two test® was omitted. The subject fasted overnight for 
12 to 14 hours, and the test was performed in the morning between 
8 and 10 AM, The subject was at bed rest for at least one hour 
be,mt e the test. The subject was not allowed to smoke or engage 
in any muscular activity during the test. The skin of his back 
was wiped gently with 70T isopropanol only once 30 minutes before 
the beginning of the test. Using a .20 ml Sahli pipette, three 
fasting blood specimens were obtained from the finger tip after 
deep skin puncture. The blood wss gently expelled into 0.6 ec 
of distilled water in a 5 ml centrifuge tube. The pipette was 
rinsed twice with the clear fluid above the blood and then the 
contents of the tube were mixed. The three fasting cutaneous 
specimens were obtained without anesthesia with a high speed

88
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taotor driven tool mounted with a 3 mm rotary cutaneous biopsy 
punch. Only normal non-diseased skin was selected for biopsy,
The specimen was removed by placing the thumb and index finger 
on the skin mad stretching It very slightly. This stretching 
allowed the rotary punch to cut cleanly into the skin.. The 
motor tool was quickly lowered Into the skin to an approximate 
depth of 3-5 mra to yield specimens of fairly uniform depth while 
avoiding the deep blood vessels of the skin, the site for 
biopsy was a portion of the back bordered by the base of the 
neck, L-2, and the lateral edges of the latlssimue dorsi muscles. 
After the initial cut into the skin with the rotary punch, the 
epidermal edge of the circular specimen was grasped gently (so 
as not to squeeze out tissue fluid) with an extra fine iris 
forceps and the base of the specimen was severed with s fine „ 
scissors. If the skin specimen was visibly contaminated with 
blood, it was discarded and another specimen taken. Hie connective 
tissue end of the specimen was placed Immediately on a small 
previously tsred square of polyethylene which weighed less than 
one mg and was already cm the weighing pan. By placing the tip 
of the scissors on the keratin side of the epidermis (the connective 
tissue bottom of the specimen adheres to the polyethylene square) 
and gently holding the specimen on the polyethylene square, the 
forceps wss removed, toe weighing pan with the polyethylene
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square end the skin tissue was then quickly transferred to the 
weighing Sieod of a torsion balance. The tissue plus the poly* 
ethylene square was rapidly weighed to the nearest 0,01 eg and 

then dropped into 300/vl of I t sine sulfate solution in s 3 ml 
centrifuge tube. Since the plastic square tended to float on 
the line sulfate solution, the tube was tapped gently in carder 

to isroeree the tissue. If the tissue adhered to the polyethylene, 

it wee inconsequential as long as the tissue wee surrounded on 

ell other aide# b y fluid. These operations were performed in 
lese then one minute in cedar to minimise error in wet weight 
due to evaporation of tissue fluid.

After removal of the specimens from the fasting ludt* 
vidual, the subject wee rolled over m  hie back mad 35, 40 or 
45 gme of dextrose In 100 ml of sterile distilled water was 
given intravenously in the cubital w i n  through s plastic tube* 

extension set (Ho. t 33 A  Anesthesia Extension Set, Baxter Lob. 
toe., Merton Grew, Illinois) usiaa a sterile disposable Ho. 206 

W  inch needle, the amount given was minus tbs few cc left in 
the plastic extension set (the 
Osless otherwise specified all 

case this was recorded so that 
'toe needle and tube were taped

volume of the tube was measured), 

subjects received 35 gm. to.each 

the exact amount given wee known, 
to the erm to anchor the needle
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firmly, tills allowed freedom of movement of the syridge so that 
proper pressure for the expulsion Of the dextrose solution vat 
applied without few of dislodging the needle and depositing 
the dextrose extravaseularly. ©sing a stopwatch the Injection 
was completed within four minutes and the time of the coop let lee 
was noted, the stopwatch once started was not stepped until the 
end of the test. The time midway between the start and completion 
of the Injection was used as aero time for calculation of the 
intervals for the specimens removed during the course of the 
east. After completion of the injection the patient was again 
rolled on bis stomach sod remained there without activity until 
the completion of the test. The back was again wiped gently with 
tOZ isopropusnol laid was not cleaned later,

A total of seven blood samples was collected at 5 minute 
intervals starting at 13 and ending, at 45 minutes from the start 
of the injection. The time from the start of the bleeding fro®, 
the finger prick to the completion of the taking of the sample 
was recorded. The midpoint of the time interval so obtained, 
minus the calculated sere time of the injection gave the time 
after injection for the blood sample in question. The average 
time required to obtain a blood sample was 15 seconds. Intervals 
longer than 59 seconds indicated a shallow skin puncture with 
little fcleedimgf therefore, one had to apply excessive pressure
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to the finger tip in order to obtain enough blood, Mien this 
occurred, a second blood sample w u  taken from a different 
finger tip.

Specimens of skin were taken at S minute intervals.
The first specimen w »  taken 35 minutes after the start of the 
dextrose injection and the last specimen at 65 minutes. The 
time of the first cut into the skis to the separation of the 
specimen from the patient was noted; the average interval fear 
each separation was about 15 seconds. The time value for the 
specimen was midway between the corresponding recorded times 
for the specimen ia question minus the calculated sera time of 
the dextrose injection. If over 30 seconds was required to 
obtain a specimen, it was discarded and a now specimen taken. 
Specimens wear® removed alternately from each side of the back, 
from area® at least 10 cm apart to avoid any local red flare 
from previous sites,

|i the subject showed signs of shock at any time during 
the test, the test, was discontinued, the temperature of the room 
was comfortable, approximately 24°C and was free of any drafts.
(Sweating does not occur until surrounding room temperature149
reaches 38 to 40°C>.

After completion of the test, the tubes with the blood 
and skin specimens were allowed to stand for two hours. At the
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end of 2 hour® 300>.l of 0.06 1 barium hydroxide i«*« added to 
each of the tube® containing the skin specimens. To each blood 
specimen tube, 0.3 cc of 0.06 ft barium hydroxide and 0.3 cc of 
IX zinc sulfate solution were added.* The resulting mixture# 
were thoroughly mixed and centrifuged 10 minutes at 1500 rpm.
Four 100yvl aliquots of the aupernate were then removed from 
each sample and placed in 10 x 75 w  test tubes. If time did 
not permit the determination of glucose, the aliquots were frozen 
and stored at *20® . Two determinations in duplicate were per
formed for each sample, toe time required to do a test m  each 
subject and prepare the tissue extractions for analysis was 
7 hours.

B) Enzymatic Determination of Glucose
Glucose was determined in the same maimer in the blood 

and skin aliquot®. Glucose standards (40, 00, 120, and 160 
were prepared mil* distilled nets*. Duplicate two-hundred m l 
aliquots of distilled water (blank) and each of the glucose stan
dards were placed in centrifuge tubes. Pour hundred u. 1 of

* toe ZnSO^ and Ba(CE>2 must be carefully matched by titration. 
For further details, aee reference 337 .



0,06 H barium hydroxide and 400 ><1 of sine sulfate were added 
and the contents of the tubes war® then mixed and centrifuged 
ten mimtm at ISQO rpm. Duplicate 100 yul aliquots ware delivered 
to 10 x 73 Mi teat tubes. Just before use, the eosyme mixture 
was prepare by dissolving the contents of one Giucostat Micropale 
vial and am etewogea vial (Worthington Biochemical Carp,, 
Freehold, hew Jersey) in 10 ml of distilled ■water. One hundred 
yul of mm$m  mixture was delivered (Syringe Microburet Modal 
SB 2, Micro»Metric Instruments Co,, Cleveland, Ohio) to each of 
the duplicate aliquots of blanks, glucose standards, and the test 
solutions. Hie resulting solutions were Mixed and incubated for 
one hour at 37°C, Each determinatUm was perforated on duplicate 
aliquots of a complete set of test solutions (i.e., three fasting 
and seven test sample# of blood and skin). Since four aliquots 
were removed from each test solution, four separate ensymatie 
glucose determinations (two each for blood and skin) were per* 
formed for each cutaneous glucose tolerance test, These deter* 
lainations took two day# to complete. Comparison of the results 
of repeat determinations of glucose in teat sample# provided a 
continuous cheek m  'the reliability of the aasymatic procedure. 
Also, if an error occurred in the performance of a glucose deter* 
mination, duplicate aliquots were available. At eh® end of eh® 
incubation period 40 /<! of 2 H lydrochloric acid was added to

94
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each tube end the contents were mixed, optical densities wore
read at 400 m  in a Beckman By spectrophotometer in micro ceils
(1 cm path length, 0.063 ml capacity, Pyroceli Mfg. Co., New
York, H.Y.) against distilled water in the reference ©ell. &
special cell holder and diaphragm (Pyroceli Mfg, Co.) were
installed in the spectrophotometer in order to use the micro*
cells. Since the path of these microcells Is only 2 m ,  the
original cell positioner of the Beckman m  was replaced by a

132precision unit designed by fir. David Click. The spectre, 
photometer m s  equipped with a photomultiplier in order to 
increase the sensitivity of the instrument to the level required 
for the determination of optical densities in micro cells. The 
observed optical densities were then corrected for the average 
blank value. Glucose contents of the test solutions were calcu- 
lated on the basis of color yield of glucose standards. The 
calculated values were multiplied by the appropriate factor to 
obtain total glucose contents of the test samples, end then 
converted to mg* (mg/100 ml #$r blood; tag/100 m  wet weight 
for skin), the average value for the fasting specimen was 
substreated from the total glucose values obtained during the 
glucose tolerance- test, the results expressed as excess sgK 
glucose were plotted against time in minutes on seallogarithmic 
graph paper with excess mg% on the vertical (logarithmic) axis.
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It took a total of four days for the performance of the teat, 
the analysis of the glucose content of tissue specomens, and 
the determination of the rate of disappearance from the blood, 
and the skin for a single individual.

the following experiment wee performed in order to 
measure the accuracy and reproducibility of the glucose oxidase 
procedure for determining micro quantities of glucose. Each of 
two technicians prepared glucose test solutions. Ten ml of 
acueous glucose solution (30ycg/ml) were treated with 20 si of 
11 ZnS<X and 20 ml of 0.06 N he((»l)2 solutions. After centrlfu- 
gat ion, the supemete was decanted and 100 1 aliquots were
delivered into small test tubes with a syringe microburet.
These test solutions of glucose (1.60 ^ g glucose per aliquot, 
corresponding to standard #2) were stored at *20°C until they 
were used.

Each technician performed five separate micro glucose 
oxidase experiments on the test solutions (the procedure used 
was identical to the procedure used in determining the glucose 
concentration in unknown teat solutions from the patients' tests). 
Twenty test solutions, arranged in ten duplicate sets, were used 
for each determination.. The amount of glucose found in each of 
the set# of ten was calculated and converted to percent recovery, 
based on the optical density of standard #2 (1.60^. g glucose).
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The average recovery value and standard deviation were then 
calculated for each determination. The results are given in 

Appendix TO*. Ae the results Indicate the procedure used for 
the determination of micro «*wa»tities of glucose is very 
accurate and reproducible for a mere technic.

In sussaary the methodology and technic of doing the 
cutaneous glucose tolerance teat have bean developed, the 
analytical procedures involved have been cheeked and found to 
be accurate and reproducible.



VI, %*m u Its  sad Discussion*

Hie author had developed the methods and technics 
for aampling and analysing spec terns of skin for glucose 
content. Approximately two years ago Dr. Edward Peterka 
joined the author in this research program. Under the author’s 
direction and guidance, Sr. Peterka helped with sea© of the basic 
studies. Dr. Peterka ia using part of the data from the author1® 
research program for hie Master's thesis. That part for which 
Br. peterka is responsible is reviewed here a® it contributes 
to the understanding of the principal investigation reported 
in this thesis. $n essence, the results of Dr. peterka*s work 
are regarded ae data, partially published and partially unpub
lished, which contributes to a more complete understanding of 
cutaneous carbohydrate metabolism. However these results deserve 
separate consideration since they obviously relate closely with 
the author's studies. The conclusions reached by Or. peterka 
are not recorded ia the conclusion section of the author.

* The date presented in the author’e thesis were reviewed by 
Dr. James Been of the Division of Biostatistics of the School 
of Public Health, University of Minnesota Medical School.
Dr. Boca selected the statistical methods used and analysed 
the data.
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(A) Blood Slid Skin glucose Studio® in fasting Subjects 
l) Hansel Individual Studies

The first study t W  done on 24 normal young men aud 
women 21 to 34 yours of age. the#® subject0 wre studied on an 
"out-patient’* beats (0PC) and their intravenous glucose disap* 
peersece rates (excess) were normal (i.e., >3%/®i»). They uati 
fasted overnight, 13.se average fasting slusose cantent of whole 
Skin of the back was 44 t%% with a standard deviation (B.3.) of 
f 6 mgX. the average glucose content of the blood was 34 «g% t 
6 ag%, Hie ratio of skin to blood glucose concentration [fastis® 
skin glucose (PSS) / fasting blood glucose (FB£)J was 55% 1" 6%.
As seen from Appendix 7111, the F£S and ffcS values are slightly 
lower than previous reports. This indicated that the technics 
used in previous reports wore measuring other reducing substances 
as well as glucose.

A group of 12 of the a®s used in the first study was
re-tested again 4 Months to i year later in order1 to measure the
constancy of the glucose c e n t e r ^ t h e  skin and bleed in fasting
subjects, Xhc results of this study are given in Appendix to.
The results showed that the PBS and PBS n&y vary greatly la any
single individual (up to 20% for skin ted 22% for blood), but the
averages of both the PSS and FBS values of the first test sad the

365
repeat test were utterly identical. Urbach reported a 2 to 3%
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variation In FSB voluoo of several individuals (the number was 
not specified).

the results of a comparison study of the FSS values 
of four different body sites in 15 subjects arc given to 

Appendix X, Appendix XI shone the range and average of tbs 
Shin and blood glucose content of the 15 subjects at each site 
and the coefficient of correlation between the TVS and FSS value# 

of each site. Statistical analysis of tbs 96 values using the 

sign test was dime to the six possible combinations for comparison. 

The mil hypothesis <*» that there is no difference at the 0,01 
level (99% confidence) **# « u  re jested for only one pair, that 
combination ms the Caspar toon of the back and the a m ,  Tbs nul 

hypothesis was accepted for all other combinations: the back vs. 
the abdomen, the back vs. the thigh, the ana vs. the abdomen, 
the a m  vs. the thigh, and the abdomen vs. the thigh. The IVGTT 
rather than the fasting blood glucose values was used as the 
criterion of normalcy. Even though four test subjects had 
abnormal IVGTT results, excluding them from the study did not 
change the statistical results; therefore, the values were 
included.

The coefficient of correlation is a measure of the 
degree of dependency. The coefficient of correlation was 
calculated between the fasting blood sugar value and the 
fasting skin glucose value of each site. Toe coefficient of



101

correlation between the PBS and the FSS of the arm was the 
highest (£7), while the correlation of the PBS to the FSS of 
the back was the lowest (.57). These results suggest that of 
the four sites tested, the skin glucose of the back has the 
least correlation with blood glucose values. The reasons 
for the variation in the degrees of correlation cannot be 
accurately determined at present. There may be many reasons 
for these findings, but one possible explanations is the 
relatively rich blood supply of the skin of the extremities
in comparison to the poor blood supply of the skin of the back.

271This study is presently being published.
2) Abnormal Individuals Studies

288Because we observe a high incidence of abnormal 
oral glucose tolerance tests in patients with psoriasis, the 
FBS and FSS values were determined in a group of 23 psoriatic 
patients. In these subjects only the normal appearing skin 
was tested. The average age of the group was 50 years and 
there were 19 men and 4 women. The results of the study are

335
given in Appendix XIII. Smith and Shock reported that the 
FBS values of normal persons from the age of 20 through 89 
years did not change with age. The FBS value® of the author's 
psoriatic group (86 mg%) was not significantly different from 
the FBS concentration of the normal group previously studied
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and reported by Or. Peterka. However, the FSS values of the 
psoriatic group was 55 mg%. A comparable group of normal 
subjects In the same age range as the psoriatic patients 
could not be examined because of lack of funds. Since the 
FBS values of the two groups were Identical, It was assumed 
that In spite of the age differences, the groups could be 
compared. The T teat for the nul hypothesis gave a p < 0.005. 
Comparing the FSS/P8S ratios of both groups gave the same p 
value. These results indicated that the glucose content of 
non-diseased skin areas of psoriatic patients had a higher 
glucose content than the skin of normal subjects even though
the FBS concentrations of both groups were not significantly

378
different. This confirmed Venturi’s findings. The difference
in the glucose content of the skin of the two groups is of

380
interest when Schragger’s report is considered. Re reported 
that skin glucose was just a reflection of blood glucose. If 
his interpretation is correct, the psoriatic patients end the 
normal subjects should have similar skin glucose values. But 
aa the results indicate, the ratio of F8S/FBS is not the same 
in the two groups; therefore, skin glucose concentration does 
not consistently reflect blood glucose levels.

In conjunction with the study of the FBS and FSS of *

* The number of subjects in the normal group wss extended by 

the author (Appendix XIIXKMF)



diabetic patients with (results in Appendix. XIV) and without ) 
(results in Appendix XV) infection, another small group of 
clinically normal persons (Appendix XVI) with abnormal IVGTT rate® 
of less than 3%/min were studied. Appendix XVII shows the 
compsrIson of FB£, FSS, and FSS/FBS of several groups: (a) 
diabetics taking insulin, (b) diabetics not taking insulin,
(c) normal subjects with abnormal IVGTT and (d) normal subjects 
(Appendix XII). The FSS values of diabetics were statistically 
higher than (p< 0.001) than the FSS of normal subjects (Appendix 
XII). The ratio FSS/FBS in both diabetic groups (Appendix XVII) 
was statistically higher than the norms! subjects ratios 
(p < 0.001). Also the clinically normal subjects with 
abnormal IVGTT (Appendix XVI) were found to have FBS 
and FSS values similar to those values of previously 
mentioned normal subjects (Appendix XII). These results 
emphasised the possibility that these clinically normal 
subjects with abnormal IVGTT were normal and that the 
abnormal IVGTT rates were probably daily variations for 
these subjects.

The higher FSS/FBS ratio aof diabetic pati«nts(Appendix 
XVII) suggested the possibility that skin glucose content is 
not a simple reflection of blood glucose levels. If the skin
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glucose level was a simple reflection of the blood glucose level 
then the ratio of FSS/FBS would be the same for normal and 
diabetic persons. Since the ratio was not the same, the possi
bility exists that there might be some need for modification 
of our concept* of glucose passage into skin. More conclusive 
evidence needs to be obtained before such a conclusion can be 
accepted.

The presence of cutaneous infection in patients with
diabetes meilltus did not correlate consistently with higher
ratioe of skin to blood glucose as measured by the technics

272
used in this study (see Appendixes XIV and XV). This study 
differed somewhat from two previous reports in the literature 
(see Appendix XVIII). The skin glucose to blood glucose ratioe 
obtained ta this investigation were higher than those previously 
reported. The results were higher even though a specific enzymic 
technic was used to measure glucose$ this indicates that previous 
investigations did net accurately measure the glucose content 
of their specimens.

(B) Intravenous Glucose Tolerance Test
Whenever the cutaneous glucose tolerance test (CGTT) 

was done in a teat subject, the intravenous glucose tolerance 
test (IVGTT was performed simultaneously). The disappearance
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rate of excess glucose from the blood was used as a criterion 
for the normalcy of the test subject. The CGTT and IVGTY 
were done on two groups of normal subjects. Six individuals 
in the large group of normal subjects (32) had repeat tests 
done several months apart. Each subject in the smaller group 
of 12 normal subjects was given three tests four weeks apart.
The dosages for the successive tests were 35, 40, and 45 gms. 
Appendix XIX gives the data for the blood mad skin determination 
of the larger normal group. Appendix XX contains the data 
from the St. Cloud experiment. (The skin data will be consi
dered later.)

In the statistical analysis of the disappearance 
rates of the excess glucose from the blood, only two of three 
tests of the St. Cloud group were randomly selected for com
parative analysis. This wts done to give comparable data 
with the six repeat determinations of the larger group. These 
repeat teste were used as e measure of reproducibility. It 
was assumed that since the fall of glucose in the blood was 
a first order decay curve, such a mathematical expression 
was independent of the intravenous dextrose dosage. The re
sults were as follows*
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Hospitalised
Normals Normals

a (number of subjects) 12 32
%/min %/min

average K (excess) 3.70 3.78
standard deviation (S.D.) ♦- 1.80 t 1.50
standard error (S.S.) t 0.52 t 0.27
variation (1) - 0.57 t 0.34
variation (2) t 1.19 - 1.38
range of K values 1.50 - 6.97 1.50 - 8

The standard deviation (S.D.) Is m  estimation of 
the variation present In the rate constant (K) when a subject 
is chosen at random from a large population group. This kind 
of selection compounds the variation inherent between indivi
duals as veil as compounding the variation of the subject’s 
rate from day to day and the variation of fitting the line 
(i.e., determining the slope) to his six or seven past injection 
glucose values. Variation (1) is the variation of the estimate 
of the ‘’true steps," Variation (2) is an estimation of the 
variation of the rate constant in repeat determinations in the 
same individual.

It should be noted that all results were used and not 
a single determination was deleted. The median of the fasting
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levels w e  used to determine the excess nsgX at their respective 
times in each, test,

6
In comparing the author * 3 normal findings to Aaatuxio'a 

report, the normal averages were virtually the same, but the 
latter’e S0 was 1/2 to 2/3 of the above findings. The author 
has no explanation for the increased range of his normals in 
comparison to Amatuzio's findings (author's range 1.50 to 
8.47,/raln* Amatutio1 e range 3.00 to 4,84%/min) rtor the increased 
range of the SO. The normal subjects tested in the author's 
study were screened by a careful medical history, physical 
examination, and urinelyeis.

In the second group of 12 norm*la, there were eight 
subjects in which three complete TVGTT were done. The third 
teat specimens of the other four subjects were accidentally 
destroyed, therefore only the results of 8 subjects are given. 
Appendix XXI gives the average excess K values for each of the 
eight inmates at the three IV dosages of dextrose— 35, 40, and 
45 gm. As seen from the data the average 1 value for each group 
at the three different dosages was essentially the same. In 
individual cases there may be significant variation in the slope 
when different dosages are given. These findings confirmed the 
concept that the intravenous glucose disappearance rates are 
independent of dosage.
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The CCTT and IVGTT were performed simultaneously cm 
20 diabetic subjects. The results are given In Appendix XXIX. 
A statistical analysis of the blood data revealed:

Diagnosis
n (mieioer of patients)

average k (excess) 
standard deviation (S.D.) 
standard error (S.B.) 
variation (i) 
range

Diabetes Meiiitus
20

‘A/ min 
1 .2 i

i  i . i o  

t  U.2o 
t O.dO 

0 .0 1 - 4.60

The average X for the diabetic group was lower than6
that reported by Amatosio. Again standard deviation and range 
were greater than hie deviation and range. The average K value 
was as different statistically from the normal group as hie 
previous report (i.a., p < 0.001). The author*e group of 
diabetic patients had several individuals older than 50 years. 
Since previous reports (as mentioned earlier) stated that the 
glucose disappearance rates decreased over the age of 50 in 
males and of 70 in females, only those subjects who ware 50 years 
and under were selected for statistical analysis. Appendix XXIII 
lists the nine diabetic patients who fell into the category of
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wtwier 5i years «£ age. Xm  application o£ tne T test showed »
P < 0.001 fee tne comparison vita each normal group (Appendix 
XIX and Appendix XX). Sven using this small sample toe rate 
constants of too normals #*nd diabetic patients was confidently 
separated,

A group of 15 psoriatic patients was given tine IVGTT.
Yue results of fcjaeeo tests are given in Appendix XXIV. Persona 
in tins group were under 50 years of age and consisted of 15 patients 
(7 dAand 8 0 )  randomly selected from the OPS of the University of 
Minnesota Hospital clinics, These patients were selected on only 
xone basis} they oau active psoriasis. Tne excuse glucose disap
pearance rates for tae group averaged 3.35 %/mku witn a da ±1.25 
A/min (Appendix XXV). A T test was performed on the data from 
this group and from the 32 normal subjects. There was a signi
ficant differ eases between the two groups (p <  0.005). The only 
conclusion which can be reached caneearning these patients is that 
they have an abnormal intravenous glucose tolerance test under 
tne conditions of this study.

The results of the cutaneous test tape experiment are 
given in Appendix XXVI. This experiment was conducted to show 
whether glucose appeared on tne cutaneous surface after rapid 
intravenous dextrose loafing. As. seen in tae results, even
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though test subjects experienced a blood glucose level of greater 
than 200 mg % for at least 20 minutes, not a single subject developed 
a positive test tape during one hour after dextrose loading,

(C) The Cutaneous Glucose Tolerance Test
In the early phase of the development of the cutaneous 

glucose tolerance test, specimens of skin were taken from patients 
as early as 15 minutes after the intravenous injection of dextrose. 
The results of such teste (see Appendix XXVII) established that 
in normal persons a peak concentration of skin glucose is seached 
at approximately 30 to 35 minutes after the IV injection but in 
diabetics the peak was reached later (40*45 minutes). These 
findings did not confirm the previously held concept (mentioned 
earlier) that dextrose injected intravenously equilibrated with 
the extracellular water space of the body in 10 to 15 minutes.
This slow rise in glucose concentration of the skin was indirect 
evidence that the glucose measured in the skin specimens was not 
blood glucose (at least of any significant amount). The concen* 
tration of blood glucose fell rapidly within several minutes 
after the intravenous injection and continued to fall in am 
orderly manner, while the skin glucose level rose through this 
seme time interval (0 to 30 minutes). As glucose passed out of 
the vascular space into the extracellular extravascular space of
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the skin, the concentration of glucose in the skin continued to 
rise until 30 to 35 Minutes after the I? dextrose injection.

Upon plotting excess mg% glucose versus time, a geometric 
curve was obtained on coordinate graph paper. Appendix XXVIII is 
a diagramatie illustration of these findings. In the time interval 
of 35 to 65 minutes in normal individuals this curve fell exponen* 
ttally. The excess tag! skin glucose values were plotted on serai* 
logarithmic graph paper. A straight line was obtained using the 
method of least squares and representing points lying within the 
exponential fall time intervale (see Appendix XXIX). Thus, it 
appeared that after rapid intravenous injection of dextrose, the 
rate of disappearance of glucose from whole skin in normal subjects 
was a constant over a limited time interval and w e  expressed by 
the formulas

st ” s0® Equation (II)
where

st ” glucose excess* in rag/ 100 gm of whole skin (wet 
weight) at time (t) between the time interval of 
35 to 65 minutes

* milligram percent glucose excess is defined es the amount of 
glucose in excess of the fasting akin glucose level in ragX.
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• * the glucose excess* in ag/100 gm of whole
skin (wet weight) extrapolated to aero time.
This is not a physiological value but a useful 
mathematical concept.

and
k «* the rate of disappearance of glucose from the

skin as percent of the excess glucose per minute.

This formula gave a precise method of expression for glucose
kinetics in the skin. The method and mathematics outlined361,362,364,362
above are in sharp contrast to the method proposed by Urbach, 
whose method did not permit the kinetics of glucose disappearance 
to be expressed In a single term. Also the test as Urbach defined 
it took three to four hours to complete. In his test method the 
possibility existed that the BBS values might vary during this 
long four hour interval. The cutaneous glucose tolerance as pro* 
posed by the author diminished this possibility, since the skin 
specimens are taken during the latter 30 minutes of the 60 minute 
test time.

Within the interval of the exponents! fall all values 
were used no matter now divergent a single value appeared to be. 
The slope of the line was determined by the methods of least 
squares. By using all excess glucose mgl values for skin, no
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bias or selection of data was introduced into the results; 
therefore, other investigators can us® the erne technic and 
obtain comparable result*.

Since the fall of glucose in the akin was exponential, 
it was assumed to be independent of dosage; however, an experiment 
involving the three different IV dextrose dosagea in 12 prison 
inmates was used to verify this assumption. Of the twelve 
triplicate tests, only 10 tests were completed. Two sets 
of test specimens were accidentally destroyed. As seen in 
Appendix XXX, several subjects had wide variations in their 
k value for different dosages but ethers were consistent. However, 
the average K value for each dosage experiment was virtually 
identical to each other. This verified the mathematical concept 
that the rate of glucose disappearance in the skin was independent 
of dosage.

The results of the cutaneous glucose tolerance test in 
the two normal groups (see Appendix XIX Mid XX) were statistically 
analysed with the following results:
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Hospitalized
normals Normals

n (number of subjects) 12 32
%/ain %/mln

average K (excess) 1.38 1.99
standard deviation (S.D.) • 1.26 t 1.49
standard error (S.E.) t 0.36 « 0,26
variation (1 ) $ 0.39 t 0.76
variation (!) t 0.91 * 0.81
range 0.10 - 3.49 0,10 - 7.26

The results showed little difference between the two groups of 
individuals. It appeared that strict bed rest did not signifi
cantly alter the average K rates. The standard deviation reflected 
the wide variation seen in a single test in an individual who was 
selected at random. Variation (1) and (2) were similar in both 
groups. The usefulness of the data w e  best seen by comparing 
the cutaneous glucose disappearance rates of normal and diabetic 
individuals (Appendix XXII for diabetic results). The statistical 
analysis of the results of the CGTT in diabetic patients is as 
follows $
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Diabetes Meliitus

a (number of patients)
%/r.aiii

average K (excess) 
standard deviation (S.D.)
standard error (S.E.)
variation (1 ) 0,76

mage 0.01 - 1.90

The standard T test was done between the cutaneous 
glucose disappearance rates of the diabetic 'patients and the 
rates of each normal group. The mil hypothesis was rejected 
Is each instance as the p values were leee than 0 .0 0 1 (p < 0.0 0 1), 

The cutaneous glucose tolerance test was developed m  
a basic research tool to study glucose kinetics in the skin.
The test has not been suggested as a means of diagnosing diabetes 
meliitus, but it can be used to investigate Urbach’s concept of 
skin diabetes without hyperglycemia. The average K for groups 
of subjects can be w e d  as a research tool to differentiate 
normal groups of Individuals from abnormal groups who may have 
differences in their cutaneous glucose metabolism and kinetic®.
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(») The Role of the Skin in (knrbohydrate Kinetics and Metabolism

Since the maximm concentration of glucose in the skin 
was reached at approximately 30 minutes, an estimation of the 
glucose concentration in the skin at this time interval was 
determined by using the data on the 12 normal subjects (Appen- 
dias XX) in the formula Sfc * S^e*kt where t - 30 minutes, from 
this value (S^) the total amount &£ excess glucose deposited in 
the skin of each subject was estimated. The repeat teats at 
various dosages (35, 40, and 45 gms) were used to check the 
estimated amount which was deposited, As stated before, most 
authors agree that the total weight of the skin in humans is 
approximately 15% of the total body weight. Since the weight 
of each subject ms  known, the amount of excess glucose in the 
skin was estimated, From this calculation the percent of glucose 
which was taken up by the skin was estimated (see Appendix XXXI). 
The average percent of glucose uptake by the skin was slightly 
greater than 20%, The percent uptake was independent of the 
dextrose dosage. This finding indicated that 20% of a Mhypergly«*
comic load** was deposited in the extracellular compartment (apace) 
of the akin.

There are three pathways for the extracellular glucose* 
(1) it can pass into the lymphatic system (L.S.) of the skin and
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eventually slowly enter the ‘Vascular pool” via the thoracic 
duct, (2) it can diffuse back into the capillary blood volume, 
or <3> it can go into the intracellular space of the skin and 
be phospbory lated,

the glucose in the rich lymphatic system of the skin 
collects slowly into the main lymphatic system of the trunk.
The fluid pressure of the lymphatic system is lows therefore, 
the rate of flow of the fluid out of the thoracic duct is very 
slow in comparison to the fluid flea# in the vascular system, 
this slow return sets up a cycle for glucose through the skin 
(see Appendix XXXII). the exact amount Which moves in this 
cycle is unknown and needs further investigation.

the second alternative Is “back” diffusion of glucose 
from the extracellular space into the capillary blood volume. 
Because glucose diffuses out of the blood volume into the 
extracellular extravascular volume of the body, previous ob
servers have assumed that, simple "back” diffusion or bilateral 
diffusion across the capillary endothelium also occurs, the 
driving force for diffusion is supposedly the higher concen
tration of glucose In the vascular volume. As stated before, 
glucose must pas® through the capillary endothelium into the 
extracellular ©xtravascular space. It than must go through
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this second specs la order to be captured by the cell 
of peripheral tissue for transport serose the ©ell mil to the 
intracellular volume .end subsequent phosphorylation. As discussed 
before, the esttracellular fluid volutae of skin is approximately 
45% of the skin's might. The concentration of intracellular 
non-phoaphorylaced glucose Is very small in cockerison to the 
extracellular concentration of glucose. If the actual values 
for fasting glucose levels obtained in this investigation are 
changed to a volume Male of 45% of the wet weight of the tissue 
sample taken, the concentration of glucose in the skin of normal 
subjects is at least equal to or greater than the concentration 
of glucose in the blood. The concontration becomes even greater 
in the psoriatic patients' skin (Appewtt* xii]) and as seen in 
several diabetic patient's values in Append** xiv, the glucose 
concentration of the skin aay be double that of the blood. This 
lest finding In diabetics verified the early work (previously 
discussed) concerning the skin glucose concentration of patients 
with superficial Candida albicans infections. In that report 
the skin glucose concentration on a volume basis appears to be 
as high as three or . four times that «f Meed. $ l w 8 f  
reported that the skin glucose concentration during an “oral" 
skin glucose tolerance test mtcedded that of blood, m  m s



comparing the g lu cose  concentration in the skin (on a weight 

baaia) to  the g lu cose  concentration  in the blood (on a volume 

heaia). If the baais o f  comparison i s  volume to  volume, as i t  

should b e , then the concentration  o f  g lucose  in skin appears to  

be higher than blood. As mentioned e a r l ie r , the in vestiga tion  

on the g lucose concentration of b l i s t e r  flu id  during intravenous 

dextrose loading again in d ica tes the p o s s ib i l i ty  that g lucose  

i s  in higher concentration  in the ex tra ce llu la r  space of the 

akin than i t  i s  in blood.

Another means of evaluating the same problem i s  to  

compare the ra tio  of g lucose  concentration  in skin and blood 

of d ifferen t groups o f  su b je c ts . As shown la Appendix 

XII the r a tio  of g lucose  (wg/lOO g w  (wet weight) skin j stg/lQO 

ce whole blood) In normal su b jec ts  was approximately sst„ m  

patien ts with p so r ia sis  the PBS concentration  was nearly iden* 

t i c a !  to  the SIS concentration of normal in dividuals, the FSS 

concentration was s t a t i s t i c a l l y  higher than the FSS concentration  

of normal su b jec ts  (Appendix XIII). Consequently the ra tio  of  

skin to  blood g lu cose  in p so r ia tic  p a tien ts  was higher than i s  

normals. As seen  la  Appendix xv the r a tio  in d fah ettss  was. 

larger and in severa l pa tien ts (Appendix xivX, i t  approached 

1001. If simple b ila te ra l  d iffu sion  o f  g lu cose  across the 

ca p illa ry  membrane e x i s t s  and there i s  s© " binding" of glucose
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in the extracellular e-pace or no significant increase in extra-, 
cellular axfcravascular ©owparfca»£, then the evidence presented 
needs further investigation as it suggests the possibility that more 
than simple diffusion is involved in glucose transport across the 
capillary membrane, Another possibility is that ,sback" diffusion 
may be inhibited in some fashion, Before my  revision of the 
classical diffusion theory of glucose into the skin can be con
sidered further research data is definitely needed.

the first step in the third pathway for glucose in the 
skin involves its entrance into the cell. After phosphorylation 
the glucose cm  (l) be Incorporated into glycogen or mucopoly
saccharides, (2) go into the H E  shunt for nucleic acid synthesis, 
and (3) can fee caeabolized through the anaerobic glycolytic pathway. 
Because the Brabscycle is functioning at an extremely low rate in 
the skin (less than 2% of glucose goes into the citric acid cycle) 
most of the intracellular glucose is metabolised to lactic acid, 
as was mentioned previously. 'Ibis diffusible sugar passes out 
of the intracellular compartment into eh® extracellular space of 
the skin. From there is passes quickly and directly into the 
vascular capillary system or it passes into the lymphatic system 
in which it is slowly transported via the thoracic duct back to 
the “large vascular pool”, in blood lactic acid concentration 
is approximately 10-29 mg% (mg lactic acid/cc of blood). As
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PilfJsury showed, lactic acid is present in higher concentration 
in the skin than la the blood. lactic acid concentration in the 
skin has been reported at 50-80 «b% (mg lactic acid/v. we. of 
skin in gw). Also it is present ha the whole skin of rabbits
wen after they haw been, starved for one week bat given an 
adequate supply of water. Also FiUsbury ©hewed that lactic 
acid increases in concentration in the akin after s meal. From 
these observation© it seem® that the majority of the intracellular 
glucose is constantly being cetefcolisad to lactic acid by the epi
thelial sells of the skin. Tills lactic acid is not catabolised 
in the Krebscycle to any appreciable quantity* instead, it ia 
released to the extracellular space of the Ain end le taken up
by the blood.

The lactic acid content of the blood rwains constant 
during rest or mild exercise. Resting muscle actually takes
up lactic acid from the blood. It ie only during moderate to

33severe exercise tnat the ability of the muscle to oxidise lactic 
acid (via pyruvate) to C&g and water l© exceeded and lactic acid 
spille into the blood, stream from the muscle. Thus the muscle 
contributes to the Cori cycle ia an intermittent manner (Appendix 
XXXIII), Since the Krebscycle is not functioning in the red call 
it els© contributes lactic‘acid* to the blood. Yet the amount 
of glucose converted to lactic acid per hour by the red cell is

_
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22

less than 0 ,8 p&.
Since the skin does net metabolise glucose In any sign!* 

fleant quantity through the Krehscycle, it may he a major and 
•anatent supplier of tactic acid to the blood (Appendix XXXII).

the liver appears to he the only major tissue that 
ha®, the enzymes which are capable of making glucose &»F0  ̂and 
glycogen from lactic acid. Since little la®tie acid goes through 
the Krebscycle m  see a continuous Oort cycle through the skin 
and red cells while in other tissue, such as muscle, it is inter
mittent, (Appendix 2XX.IV). the cycle of glucose through the 
skin has several pathways (outlined in Appendix XXXII). these 
are illustrated by the diagram in Appendix XXXV. Cycle $ shows 
that direct flee of glucose from the akin back to the "targe 
vascular pool," The amount of glucose which diffuses beck from 
the extracellular space of skin via the lymphatic system into 
the blood is uoSumm. the possibility exists that "hack" dif
fusion of glucose 'into the blood capillary volume may be inhibited. 
It may even be possible that a unidirectional glucose transport 
exists at She capillary endothelium. In any case further inves
tigation is needed before any definite conclusion can be reached. 
Glucose also return* to the blood via the product lactic acid 
(Cycle II, Appendix XXXV), The lactic acid goes back to the 
"targe*1 blood lactic acid reservoir either directly through the
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blood capillaries or slowly through the lymphatic system.
The cycle® proposed in Appendix XXXV exist for all 

tissues especially those which have a low oxygen supply (such 
os skin) or absence of Krebs cycle msyssee. The importance of 
the cycles illustrated In Appendix XXXV is hawed on the fact 
that the quantity of glucose delivered to the skin after a 
hyperglycemic episode is 20% of that load. It is the quantity 
of glucose in the akin which emphasises the role of the integument 
in maintaining a stable carbohydrate milieu in the body. The 
author considers the discovery of the quantity of glucose which 

is taken up by the skin end the truncations of this large 
quantity In the skin end the implications of the possible 
importance of the role of the skin in carbohydrate kinetics 

»e the major contribution of his thesis.and metabolism
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VII. Future Research Plans

This thesis does not provide complete answers to all 
or even meet of the problems associated with carbohydrate 
metabolism of the skin. Much remains to be done. The author 
plane to test additional normal subject® especially various age 
groups to both sews, Following t U l ,  the CGTT will be done to 
patients with various endocrine abnormalities, deraatomyoosis, 
furunculosis, necrobiosis lipoidica 'non diabeticorum, acne 
vulgaris, rosacea, sod superficial Chmdids albicans infections. 
Further, Urbach9* concept of ’’skin diabetes” deserves investi
gation. Filially toe CGTT will be used to determine the effects 
of insulin and otter hypoglycemic agates whose actions are still 
to doubt with respect to the benefit of these agents to cutaneous 
diseases.

If support can be obtained another phase of the research 
program will be basic studies to cutaneous carbohydrate kinetics. 
Various animal and human experiments are planned using radioactive 
technics to investigate glucose catabolism to the skin. These 
studies would be basic to an understanding of the cutaneous role 
in the general metabolism of glucose.
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fill. Conclusions

On the basts of the investigations reported In this 
thesis, the author has reached the following cone vuelons :
1. In two groups of normal subjects tested under different 

environmental conditions, the determination of the excuse 
glucose disappearance rates from blood of normal persona 
stowed no difference existed is the rates. One group 
was ambulatory and the other was at bed rest for three 
days before the test. Strict bed rest for three days
did not depress the intravenous excess glucose disappearance 
rates.

2. The average excess glucose disappearance rates (X) of blood 
of the two normal groups of subjects w e  3.70 and 3 . 7 W  
minute. Ibis verified previously reported values for normals. 
However, the standard deviations of the groups were t l .3 0  and 
t l.SW'Bimte, These standard deviations were much greater 
than those of previous reports. The range of the rates m s  
also greater 1.50 to 8,14%/iaimitc.

3. The rate of disappearance of excess glucose from the blood 
of normal persons was independent of three different inera- 
venous dextrose dosages used: 36, 40, and 45 gm.



4, Hie average excess glucose disappearance rate® (K) of blood
of diabetic patient® w e  l.2l%/mlnute with a standard deviation 
of t i.aWminuta. the standard deviation w e  larger than 
previous report* In the literature. Also the range of the 
rate® w s  < 0.01 to 4,60%/minute. The average K value w e  
statistically different from both normal groups* K value

(p < 0.001).
3. the concentration of glucose in the skin and blood of fasting 

psoriatic patients w s  akin $5 ag% and blood 86 mg&. the 
rati© of fasting akin glucose to fa§ti$3§ blood glueoae (fSS/IBS) 
w e  03%. The akin glucose value aid ltom ratio were statist!* 
©ally different from normal subjects (p <0.005).

6, The average excess glucose disappearance rate (R) of blood
of psoriatic patients w e  3.03%/miwte with a standard deviation 
of t l»25%/«baut«. The average K value w e  statistically 
different from the X value of the normal group (p < 0.005).

7. The methodology and technic of a cutaneous glucose tolerance 
test has bean developed. After rapid intravenous dextrose 
loading, the disappearance of wmass glucose from whole akin 
was expressed by the formula

*ktS » S e 6 o

and the rate of disappearance of glucose was exprea-sable as a 
constant (K),
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8. The rate of disappearance of excees glucose from whole skin was 
independent of intravenous dextrose dosages (35,40, & 45 Ora.)

9. The average emeses glucose disappearance rates of whole akin of 
two groups of normal subjects were 1.88 and 1.99 %/rainute with 
a standard deviation of 1.26 and ± 1.49 T/minute.

10. The average excess glucose disappearance rate (K) of whole skin 
of diabetic patients w e  0.30 X/minufce with a standard 
deviation of f 0.76 1/ainute. The average K value was statis
tically different free the average K value of the normal 
groups (p < 0.001).

1 1 . Ob the average twenty percent of a rapid intravenous dextrose
x load wee deposited in the skin of norms1 subjects. On the basis 
of the results of these studies, it is proposed that the 
iiiimit of glucose which is taken up by the skin is not only 
important to the Skin but emphasises the role of the skin 
in the carbohydrate milieu of the body, Also cutaneous 
carbohydrate metabolism and kinetic# meet be further investi
gated in normal subjects, diabetic#, and a number of patients 
with various cutaneous diseases.
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Appendix I

Cholesterol

xy
20'=^ - Hydroxy cholesterol

f Mineralocorticoid 

" Glucocorticoid 

* Androgen

* *  Estrogen
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Appendix H

Tricarboxylic acid
cycle
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Appendix m

Krebs cycle
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Appendix iv

Time in 
Minutes

Average of two determinations 
done in duplicates (mg%)

15 96

30 84

45 86

60 99

75 84

90 93



Appendix v

Time in Hours; 3 hours 6 hours 9 hours

Average glucose 
concentration in 
mg% for duplicate 
determinations

Exp. 1 72.0 68.6 61.4

E x p . 2 68.1 63.2 57.9

Exp. 3 69.1 66.2 70.8

Exp. 4 73.9 71.1 75.8

Average for each
time in mg% ±  S.D. 70.8 -  2.7 67.3 ±  3.4 66.5 ±  8.3
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Test

A (1 hour) 

(2 hour) 

(2 hour) 

Bg (2 hour) 

B^ (2 hour) 

C (3 hour)

Appendix VI

Average Glucose %
Concentration of 3 Recovery
Experiments run in 

Duplicate (mg%)

control 63.5 —

control 60.6 —

108.0 102

130.0 98

210.0 100

64.3
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Appendix VII

Technician No. 1

Exp. 7» Recovery

1 99.6

2 99.2

3 101.4

4 101.8

5 100.8

S.D. Exp

1.1 1

2.5 2

1.3 3

1.3 4

0.9

-1.4

5

Technician No. 2

7o Recovery S.D.

101.7 2.5

102.3 0.9

102.1 1.2

103.6 0.7

107.9 2.5

- 1 . 6Average 1 0 0 .6 103.5



Appendix VIII

Glucose Content of Whole Skin

Investigators
Number

of
Patients

Skin Glucose 
Mg/100 Gm 
Skin Wet Wt.

Blood Glucose 
Mg/100 cc 
Blood

Ratio %
Skin/Blood
Glucose

Urbach & Sicher 1929 30 47 98 48

Trimble & Carey 1931 7 56-8 126 51

Urbach et al 
(Vienna)

1937 — 61 105 59

Cornbleet 1940 56 60.2-81.5 78.9-104.0 --

Urbach & Lentz 1945 10 58 94 61.4

Monacelli et al 1952 10 52 — —

Peterka & Fusaro 1964* 24 46-6 84^6 55

* First report using a specific glucose enzyme technic on whole skin



Appendix IX

Repeat Skin and Blood Glucose Content of the Backs of Normal Persons

Months FSS 7= FBS 7= Ratio 7, 7=Subjects Sex Age between mg/lOOGm Change mg/lOOcc Change' FSS/FBS Changetesting Wet Wt. * * *
1 M 23 10 49 2 92 14 53 15

48 79 61
2 M 24 12 54 11 84 0 64 11

48 84 57
3 M 22 11 44 5 83 6 53 2

42 78 54
4 M 24 11 45 9 88 6 51 4

41 83 49
5 M 23 8 50 12 80 4 63 16

44 83 536 M 29 12 51 14 91 3 56 11
58 94 62

7 M 23 9 46 22 88 5 52 15
56 94 60

8 M 22 11 47 28 84 12 56 14
60 94 64

9 M 26 10 50 16 90 8 56 9
42 83 51

10 M 26 12 37 16 73 22 51 6
43 89 48

11 M 31 12 56 5 91 7 62 0
53 85 62

12 M 34 7 43 2 78 4 55 6
42 81 52

Average of InitialL Testing,..48......
Average of Repeat Testing.,. .48...... ..86...... ...56.....
Average of Individual
Changes. from Initial Testing .... .. 127c . .. .97=.Differences in Aver.Change as a Group . .0%.............. 1 7=.................... 0%

From Initial Testing



Appendix x

Glucose Content of Back, Arm, Abdomen, and Thigh and Ratio of Skin/Blood Glucose

Disappearance Fasting Blood
Rate IV GTT Glucose mgm/

Subject Age %/min (Excess) 100 cc Blood

1 25 5.62 83
2 30 4.18 94
3 23 4.59 94
4 26 4.09 83
5 25 4.44 89
6 31 3.15 85
7 24 3.08 96
8 28 2.97 95
9 23 3.21 81

10 25 4.00 84
11 24 2.74* 85
12 24 2.40* 82
13 34 3.57 81
14 24 1.84* 77
15 23 2.68* 89

Skin Glucose mgm/100 gms
Wet Weight (Av. of Three Ratio per cent
Sampl es from Each :Site) Skin/Blood Glucose
Back Arm Abdomen Thigh Back Arm Abdomen Thigh

41 42 37 43 49 51 45 52
58 61 62 57 62 65 66 61
60 59 57 49 64 63 61 52
42 47 46 47 51 57 55 57
43 52 45 50 48 58 51 56
53 57 57 58 62 67 67 68
47 58 56 58 49 60 58 60
56 66 59 57 59 69 62 60
43 49 53 49 53 60 65 60
46 51 48 48 55 61 57 57
63 54 58 49 74 64 68 58
46 48 47 46 56 59 57 56
42 44 45 42 52 54 56 52
39 41 40 42 51 53 52 55
44 50 50 44 49 56 56 49

* Considered abnormal only with respect to their excess glucose disappearance rates 
the intravenous glucose tolerance test (IV GTT).(Ref.#6)

as determined by
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Appendix XI

Comparison of Ranges and the Averages of Glucose Content of Various Cutaneous 
of the Body with the Coefficient of Correlation of Skin 

Glucose to Fasting Blood Glucose of 15 Males.

Site

Range of 
the Averages 
Skin Glucose 
mgm/100 Gms.

Average 
Skin Glucose 
mgm/100 Gms.

Range of Ratios 
Skin/Blood 
Glucose in %

Average Ratio 
of Skin/Blood 
Glucose in %

Back 39-63 48 48-74 56

Arm 41-66 52 51-69 60

Abdomen 37-62 51 45-67 58

Thigh 42-58 49 52-68 57

Sites

Coefficients of 
Correlation Skin 
Glucose to Fasting 
Blood Glucose

0.566

0.869

0.691

0.725



Appendix XII

The Skin and Blood Glucose Content of Normal Subjects 
(in the Fasting State)

Subject Age Sex FSS
Mg7-

1 23 M 44.9
2 23 M 43.1
3 21 M 42.5
4 21 M 52.0
5 24 M 37.1
6 23 M 48.2
7 29 M 50.8
8 50 F 53.1
9 24 M 54.1

10 27 M 49.2
11 21 M 38.1
12 22 M 45.0
13 22 M 43.3
14 23 M 46.2
15 23 M 45.5
16 30 M 56.1
17 24 M 45.3
18 22 M 44.1
19 26 M 55.3
20 23 M 49.4
21 23 M 49.7
22 22 M 42.8
23 22 M 51.3
24 23 M 31.0
25 21 M 36.3
26 26 M 51.9
27 21 F 48.7
28 20 F 48.0
29 26 M 45.2
30 28 N 53.8
31 34 M 42.9
32 25 M 43.2

Average 25 46.5

Standard Deviation (S.D. oo

FBS FSS/FBS
Mg% %

84.2 53.3
85.9 50.2
79.3 53.6
89.7 58.0
73.4 50.5
99.2 48.6
90.7 56.0
87.3 60.8
83.6 64.7
89.6 59.9
83.9 45.4
83.5 53.9
77.4 55.9
88.2 52.4
89.0 51.1
91.1 61.6
87.7 51.7
83.1 53.1
89.6 61.7
91.8 53.8
82.8 60.0
84.3 50.8
80.2 64.0
73.1 42.4
84.6 42.9
84.0 61.8
93.9 51.9
76.1 63.1
97.5 46.4
82.6 65.1
77.8 55.1
80.7 53.5

85.2 54.6

-6.3 -6.2
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Appendix XIII
The Skin and Blood Glucose Content of Patients 

with Psoriasis (in the Fasting State)
Patient Age Sex FSS FBS FSS/FBS

mg% mg 7, mg7»

1 68 M 62.5 96.4 64.8
2 67 M 55.6 78.3 71.0
3 69 M 57.5 88.1 65.3
4 22 F 44.0 80.6 54.6
5 75 M 55.4 88.6 62.5
6 42 M 43.8 79.2 55.3
7 40 M 60.8 83.6 72.7
8 73 M 60.0 82.4 72.8
9 45 M 52.7 81.5 64.7

10 57 M 42.7 129.2 33.0
11 50 M 57.5 100.0 57.5
12 66 M 76.6 100.8 76.0
13 50 M 49.9 94.6 52.7
14 37 M 49.8 76.7 64.9
15 59 M 70.3 76.3 92.1
16 34 M 62.8 93.6 67.1
17 52 M 54.9 82.0 67.0
18 48 M 41.8 72.5 57.7
19 49 M 51.7 84.9 60.9
20 52 M 45.0 83.0 54.2
21 55 F 63.2 77.7 81.3
22 53 F 53.3 78.3 68.1
23 35 F 52.1 72.8 71.6

Average 50 55.0 86.1 64.7

- 8.8 - 12.4 t i l . 4

V/

Standard Deviation S.D.



Appendix XIV

Subject Sex
Age

(years)

Disappearance 
Rate IV GTT 
7o/min(excess)

Fasting Blood 
Glucose mgm/100 

cc Blood

Fasting Skin 
Glucose mgm/100 
Gms. Wet Wt.

Ratio %

Skin/Blood
Glucose

Type of
Infection Present

1 F 43 1.53 202 113 56 Cellulitis of foot
2 M 27 0.52 161 136 85 Furunculosis
3 M 70 1.18 119 71 60 Impetiginized eczema

Average of Exogenous Insulin 
Dependent Diabetics With Infection .............. 161 ............107 . . . .  67

and pyoderma

1 M  49 1.37 110 79 72 Moniliasis and
intertrigo

2 F 73 0.67 106 68 64 Infected leg ulcer
3 M  57 1.49 103 67 65 Cellulitis and

pyoderma
4 F 65 1.50 95 68 72 Infected leg ulcer
5 M  71 0.11 89 58 65 Onychomycosis
Average of Exogenous Insulin
Independent Diabetics With Infection . ......... 1 0 1 .............. 68 . . .  . 68

Average of Both Groups ............ ......... 1 2 3 .............. 83 . . .  . 67

1 F 56 1.51 177 101 57 Pyelonephritis
2 F 53 0.61 162 159 98 Pyelonephritis
3 F 45 0.97 73 73 100 FUO
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Diabetics Without Infection
Appendix XV

Disappearance Fasting' Blood Fasting Skin Ratio %
Age Rate IV GTT Glucose mgm/ Glucose mgm/100 Skin/Blood

bjects Sex (years) %/min(Excess) 100 cc Blood Gms Skin Wet Wt. Glucose

1 M 35 0.46 355 235 66
2 M 62 0.31 350 277 79
3 M 24 0.24 260 180 69
4 M 78 0.85 200 142 71
5 M 45 0.18 173 116 67
6 M 63 1.63 162 105 65
7 F 55 1.50 150 89 59
8 F 73 1.26 126 95 75
9 F 62 1.45 116 108 93

10 M 45 0.53 552 533 64

Average of Exogenous Insulin-dependent
Diabetics....................................................  194 ..............  138 ............ 71

1 M 42 1.50 161 119 74
2 F 75 1.37 132 83 63
3 M 70 0.99 114 74 65 •

4 M 66 1.68 101 77 76
5 M 45 0.80 82 53 65
6 M 27 1.40 81 56 69

Average of Exogenous Insulin Independent
Diabetics . . . . 112 . . . 77 . , . 69

Average of Both Groups Without Infection . . . 163 . . .115 . , . 70
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Appendix XVI

Clinically Normal Subjects with Abnormal IV GTT

ijects Sex
Age

(years)

Disappearance 
Rate IV GTT
?0/min (Excess)

Fasting Blood 
Glucose mgm/ 
100 cc Blood

Fasting Skin 
Glucose mgm/100 
Gms Skin Wet Wt.

Ratio %
Skin/Blood
Glucose

1 M 23 2.24 99 48 49

2 M 26 2.29 98 45 46

3 M 23 2.81 92 49 53

4 F 23 2.73 86 43 50

5 M 26 1.81 84 52 62

6 M 23 2.82 80 50 63

7 M 22 1.90 80 51 64

Average . . . .  88 . . .  . . . . 48 . . .  . . . .55

> 1 'I!

A"",



Appendix XVII

Comparison of Diabetics with Normal Subjects

Type of Patient No.

FBS
Range
mg/lOOcc

Average
FBS

FSS
Range
mg/100Gm(WW)

Average
FSS

Range of 
ratio
FSS/FBS (7.)

Average
of

ratios

Diabetics taking 
Insulin 10 52-355 194 33-277 138 64-93 71

Diabetics not 
taking 
Insulin 6 81-161 112 53-119 77 63-76 69

Normal subjects 
with 

Abnormal 
IVGTT

7 80- 99 88 43- 51 48 46-64 55

Normal Subjects 32 73- 99 85 31- 56 47 42-65 55
LT
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Appendix XVIII

Previous Reports of Skin Sugars in Diabetics
Number Fasting Blood Fasting Skin Ratio %

Investigators of Glucose mgm/ Glucose mgm/100 Skin/Blood
Patients 100 cc Blood gms. Wet Weight Glucose

Trimble & Carey (1931) 14 226 114 (83-202) 62 t  6%

Urbach & Lentz (1945) 5* 133 65.5 49.6

7** 127 82.8 65.7

Peterka & Fusaro (1965) 16* 163 115 70

8** 123 83 67

* Diabetics without cutaneous lesions 

** Diabetics with cutaneous lesions



Appendix XIX

Normals
No. Sex Age Fasting Glucose Values+ Glucose Tolerance Test Values+

Mg7<>

1 M 23 B 83.7* 86.0 82.8 G 155.5 139.2 111.6 97.8 83.0 63.2 45.2
T 13.79 18.52 23.64 28.80 32.51 38.07 42.36

S 44.4* 46.1 44.3 G 67.4 68.0 57.5 49.9 52.8 26.3 41.4
T 34.11 39.69 44.12 49.34 54.00 58.38 63.55

2 M 23 B 88.0 85.0* 84.6 G 169.1 165.8 144.5 127.4 115.0 96.8 81.2
T 12.89 18.02 23.06 29.34 32.85 37.92 42.70

S 41.6 43.5* 44.2 G 81.5 80.8 69.2 62.4 63.0 49.4 51.4
T 33.85 39.06 44.32 47.62 52.37 58.07 63.47

3 M 21 B 82.6 77.9* 77.6 G 168.8 149.1 118.2 90.1 68.8 47.8 26.2
T 13.62 19.58 23.32 28.50 33.18 38.39 43.31

S 44.1 39.6 43.7* G 58.8 53.1 46.4 38.8 43.1 35.7 —

T 34.47 39.58 44. 61 48.72 53.69 57.79

B = Blood

S = Skin <r

G = Glucose, excess mg%, calculated by substracting the median fasting value from the total mg% value

T = Time in minutes at which the mg% value directly above was done 
* = The median of three samples
+ = Each value is the average of two glucose determinations 
R = Repeat test
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Normals
No. Sex Age Fasting Glucose Values+
4 M 21 B 94.6 88.6* 86.0 G 112.

T 13.
S 51.3* 56.8 47.8 G 46.

T 34.
5 M 24 B 79.0 72.7 74.0* G

T 13.
S 41.0 34.9 35.5* G 55.

T 34.
6 M 23 B 103.1 98.9* 95.6 G 153.

T 14.
S 52.0 44.9 47.8* G 56.

T 35.
7 M 29 B 90.9* 95.9 90.4 G 144.

T 13.
S 56.1 47.2 49.2* G 47.

T 34.
8 F 50 B 89.3* 89.4 83.2 G 202.

T 13.
S 57.2 49.3 52.7* G 61.

T 35.
9 M 24 B 84.0* 84.9 82.0 G 121.

T 13.
S 57.0 51.2 54.1* G 27.

T 34.

9
52
2
76

70
8
25

1
50
0
17

6
09
4
59

2
46
1
46

6
32
0
35

Glucose Tolerance Test Values+

106.9
19.27

93.2
24.35

47.6
40.07

43.4 
44.. 9 3

18.32
122.8
23.56

55.6
39.70

57.0
45.45

145.2
18.53

130.6
23.22

60.2
40.54

67.4
45.79

122.2
18.05

104.6
23.41

40.7
39.73

38.4
45.41

173.6
18.68

144.5
23.75

53.6
38.37

51.2
44.55

102.7
18.46

86.6
23.47

37.7
39.86

35.8
44.35

88.2
29.07

76.8
33.37

46.2
50.46

40.8
54.84

107.2
28.35 32.92
51.5
48.84

54.8
53.35

116.4
28.46

102.2
33.14

53.3
50.62

58.0
54.12

78.3
28.12

63.0
33.29

42.3
48.68

33.8
53.43

128.5
28.49

107.6
33.94

52.9
48.43

50.4
53.67

73.0
28.74

58.9
33.23

42.4
48.19

31.6
53.18

59.2
38.71

50.6
43.51

40.2
60.50

—

67.2
38.30

49.8
43.89

51.6
58.44

43.4
63.39

90.1
39.21

79.0
43.91

61.4
58.96

50.0
62.87

51.8
38.42

40.1
43.91

31.6
59.24

30.6
64.02

92.6
37.90

83.6
43.16

50.2
58.76

38.6
63.58

46.2
38.60

34.1
43.42

25.8
57.79

20.4
63.38
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Normals
No. Sex Age Fasting Glucose Values+ Glucose- Tolerance Test Values-!

10 M 27 B 89.8* 89.5 90.3 G 146.2 124.5 98.6 76.4 65.5 53.4 43.8
T 13.36 18.57 23.29 28.32 33.50 38.59 43.22

S 53.6 49.2* 44.8 G 39.4 36.0 40.5 43.7 40.2 36.4
T 34.49 39.91 44.34 48.97 53.27 ■58.67 —

11 M 21 B 83.3* 82.7 87.0 G 149.0 124.9 111.3 86.4 67.0 50.4 32.1
T 14.41 18.95 24.05 29.22 33.96 39.19 44.51

S 37.9* 39.2 37.4 G 61.4 64.4 52.2 54.0 45.0 51.0 37.0
T 35.73 40.95 45.67 49.52 54.12 58.90 64.09

12 M 22 B 85.6 81.3 83.6* G 135.0 118.6 89.4 77.2 55.8 44.4 31.4
T 13.64 18.32 23.62 28.42 33.91 38.33 43.46

S 52.8 44.5* 44.2 G 56.7 59.2 46.8 62.8 39.6 22.4 24.6
T 34.86 39.56 44.38 48.05 53.44 58.50 63.81

13 M 22 B 79.6 76.1 76.5* G 146.4 113.7 85.8 64.6 42.8 24.0 12.8
T 14.13 18.82 24.06 29.18 33.56 38.74 43.02

S 51.5 35.7 42.7* G 74.3 49.4 17.4 29.9 22.4 17.0 17.0
T 34.57 39.96 43.92 49.65 54.56 58.47 63.72

14 M 23 B 86.8 88.5* 89.5 G 132.8 114.2 84.2 60.8 40.7 24.0 10.3
T 13.31 18.13 23.52 28.54 33.66 38.48 44.21

S 49.8 43.3 45.5* G 51.2 40.8 37.4 27.2 27.1 20.2 19.1
T 34.70 39.72 45.36 48.63 53.17 57.94 62.96

15 M 23 B 89.1 88.9 89.1* G 129.8 128.8 120.2 102.0 79.0 71.4 55.3
T 13.98 18.71 23.36 28.04 33.10 38.92 44.20

S 54.2 46.4* 44.6 G 74.8 68.9 53.2 61.0 54.0 51.1 ----- --

T 34.24 40.52 45.35 49.10 53.06 58.73 63.43
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Normals
No. Sex Age Fasting Glucose Values+

16 M 30 B 91.6* 89.5 92.2 G 144.0
T 14.06

S 56.8 56.5* 55.1 G 73.4
T 34.44

17 M 24 B 86.4 87.5* 89.2 G 163.6
T 13.75

S 48.8 43.7* 43.4 G 65.0
T 34.51

18 M 22 B 83.6 83.5* 82.2 G 134.6
T 14.34

S 45.4 45.4* 41.5 G 57.0
T 34.88

19 M 26 B 88.8 89.7* 91.2 G 146.0
T 13.31

S 55.9 54.7* 40.1 G 57.4
T 33.99

20 M 23 B 93.3 92.0* 90.2 G 141.4
T 13.38

S 50.1* 46.1 52.0 G 59.4
T 34.44

21 M 23 B 89.0 78.9 80.4* G 139.3
T 13.79

S 53.4 51.0* 44.6 G 54.0
T 34.83

Glucose Tolerance Test Values+

135.8 117.0
18.60 23.46
62.8
39.68

62.8
44.61

127.4
19.22

95.8
23.90

54.7
39.68

50.3
44.52

117.6
18.37

94.3
23.20

40.2
39.45

36.3
44.18

124.8
18.97

105.8
23.93

52.6
39.40

43.0
44.52

126.3
18.70

112.0
23.86

54.8
39.34

49.4
44.12

130.8
18.91

111.4
24.01

49.4
39.98

51.6
45.31

95.4
28.64

81.4
33.47

62.8
48.63

51.5
52.92

76.2
28.68

50.5
33.58

44.3
48.48

39.4
53.30

69.2
28.71

53.6
33.91

33.6
48.75

26.0
53.62

87.1
28.31

70.5
32.97

42.0
48.68

38.0
53.59

93.5
29.32

83.0
33.21

45.0
49.16

30.5
53.07

110.2
28.67

82.2
33.90

47.4
48.61

42.4
54.44

74.0 60.0
38.55 43.48
47.6 43.2
57.67 62.74

41.0 18.2
38.42 43.43
38.0 26.0
57.39 62.97

39.7 32.8
38.56 43.29
18.9 14.4
58.07 63.74

58.9 43.4
38.19 43.44
40.5 23.7
57.71 63.09

69.6 60.4
38.22 43.12
40.2 31.9
58.31 63.15

85.0 59.3
38.81 44.23 £
38.8 33.0
58.69 63.35



Normals
No. Sex Age Fasting Glucose Values+

22 M 22 B 00

S CMm

23 M 24 B 00
S 52.

24 M 23 B 77.

S 31.

25 M . 21 B 87.

S 34.

26 M 26 B <h00

S 55.

27 F 21 B 95.

S 50.

80.5 84.6 G 139.4
T 13.15

43.6* 41.9 G 52.8
T 34.21

80.6* 81.3 G 141.8
T 14.12

50.2* 40.9 G 53.3
T 34.98

70.6 71.6* G 130.0
T 13.68

30.4 31.5 G 59.6
T 34.47

84.1* 82.6 G 114.0
T 14.25

36.3* 37.8 G 47.8
T 34.57

81.6 86.6 G 160.1
T 13.99

42.8 49.8* G 60.4
T 35.17

93.2* 93.1 G 33.6
T 14.33

46.3 49.7* G 16.0
T 35.83

0*

9

8

2

3

1*

1

7

0*

1

6

2

Glucose

119.2 
18.86
45.5
40.06

134.6
18.71
48.1
39.58

119.2
18.45
42.6
39.13

99.0 
18.96
50.5 
39.68

150.0
18.90
72.3
39.48

29.1 
19.52
12.8
41.05

Tolerance Test Values+

104.0 
23.32
48.2 
44.65

124.0 
24.42
45.2
45.04

102.8
23.58
39.3
44.55

87.1
24.01
39.6
44.49

139.4
24.11
68.8
44.88

27.5
24.61
9.5

46.30

81.6
28.90
42.4
48.45

107.8
-29.42
50.4
48.81

72.3
33.13
20.1
49.41

68.5 
29.48
45.1
48.81

124.4
28.56
62.4 
48.76

23.0
30.12
8.8

49.63

73.1 
33.18
45.6
53.57

94.9
33.79
47.1
53.82

57.6 
38.03
34.8 
53.36

58.2
33.62
31.9
54.14

110.8
34.21
57.0
53.61

17.3
34.46
7.9

54.23

58.5
38.50
38.2
58.57

90.6 
38.45
44.8
58.90

42.2 
43.30

43.0
38.57
34.9
58.62

101.8
38.58
59.5
59.11

10.1
39.70
5.8

59.27

43.5 
43.41
28.6 
63.49

81.4
43.82
41.6
64.12

45.2 
48.36
5.7 

63.25

29.7 
43.54
15.6
63.85

94.4
43.85
53.2 
63.89

6 . 8
45.01
4.4

64.24 U iO



Normals

28 F 20

29 M  26

30 M  28

31a M  34

31b

31c

No. Sex Age Fasting Glucose Values+

B 78.5 74.4 75.3* G 156.4
T 14.34

S 52.7 46.0* 45.5 G 51.7
T 34.63

B 99.8 98.1* 94.6 G 122.8
T 13.34

S 47.6 44.5* 43.3 G 57.2
T 35.95

B 83.8 80.6 83.3* G 140.6
T 14.03

S 58.2 53.0* 50.3 G 54.4
T 35.20

B 81.0 75.7 76.6* G 152.8
T 13.58

S 45.8 40.6 42.3* G 69.8
T 34.83

B 81.7 84.4 82.1* G 165.4
T 14.60

S 61.1 44.6* 40.2 G 76.0
T 34.83

B 72.8 73.8* 74.2 G 182.2
T 13.79

S 51.5* G 81.0
T 34.73

Glucose Tolerance Test Values+

143.6
19.17

117.4
23.92

102.7
28.57

83.8
33.50

68.8
38.80

51.8
43.73

57.2
39.87

54.4
44.91

51.0
49.67

47.0
54.41

39.2
59.22

39.8
64.13

108.5
19.04

103.3
24.03

93.4
29.01

80.1
34.98

69.5
39.00

61.8
43.96

64.0
39.95

58.6
45.07

58.0
49.02

51.6
54.00

46.0
58.82

39.0
64.13

124.0
19.06

102.2
24.16

88.0
29.41

86.8
33.92

62.4
39.67

55.0
43.72

54.2
40.92

57.7
44.67

54.2
48.59

46. 6 
53.64

45.6
58.89

45.2
63.97

138.3
19.25

127.2
23.59

104.3
28.98

95.7
33.58

80.8
38.81

69.2
43.90

59.6
39.90

46.5
45.38

52.6
48.66

49.4
53.84

47.3
58.60

42.6
63.52

144.8
18.86

116.6
24.00

103.8
29.08

89.6
33.63

73.0
39.05

57.1
43.77

68.0
40.12

64.4
44.99

61.8
48.73

61.0
53.67

46.4
58.98

36.8
63.63

167.2
18.72

150.4
23.72

134.8
28.75

121.7
33.61

113.2
38.36

101.0
44.01

87.0
39.77

82.6
45.26

80.1
48.57

76.7
53.89

74.3
58.59

61.7
63.60
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Normals
No. Sex Age Fasting Glucose Values+

32 M 25 B 83.
S 56.

14R B 96.

S 69.

21R B 83.
S 47.

20R B 79.
S 53.

18R B 77.
S 42.

9R , B 84.
S 56.

79.5* 79.0 G 158.4
T 12.81

45.2* 41.1 G 64.9
T 34.16

94.1* 91.4 G 139.7
T 12.44

58.0* 54.5 G 47.8
T 34.46

83.0* 83.8 G 112.5
T 13.25

35.6 47.7 G 44.7
T 34.02

71.8 78.7* G 123.6
T 13.01

48.3* 42.6 G 50.5
T 33.84

79.3 78.2* G 129.5
T 13.16

41.6* 41.0 G 71.0
T 34.32

85.1 82.9 G 75.0
T 13.69

44.1* 44.0 G 29.2
T 34.93

6

8

2

9

0

5*

3

9

5

9

5*
9

Glucose Tolerance Test Values+

151.6 140.2 123.2 111.6 104.4 95.518.34 23.01 28.20 33.36 38.16 42.37
56.3 84.6 55.6 69.6 62.9 55.138.98 43.14 48.71 52.97 57.87 63.33
164.8 110.2 84.4 78.6 60.4 52.6
17.87 23.17 27.87 32.68 37.63 42.84
44.8 38.8 44.6 33.8 12.3 27.038.53 43.90 47.80 52.99 58.19 62.90
90.5 83.0 73.2 61.4 52.1 39.6
18.16 22.98 27.88 32.97 38.26 43.19
37.2 31.6 31.4 32.0 24.0 19.4
39.29 43.99 48.25 52.91 58.15 63.62
119.5 97.0 82.3 74.2 65.3 60.2
17.91 23.01 28.33 33.09 39.08 43.60
47.0 47.4 45.2 43.8 38.7 38.4
40.37 44.50 48.08 53.15 58.50 63.08
121.9 106.8 88.8 74.8 59.7 50.4
17.89 22.94 27.91 33.36 38.55 43.15
58.2 63.1 56.4 43.0 42.2 37.6
39.78 43.76 48.61 53.14 57.70 63.29
67.0 54.4 40.7 29.1 24.6 13.6
18.38 22.96 28.03 33.11 37.88 43.37
28.9 24.6 29.6 24.8 21.1 23.0
40.21 44.30 48.15 53.19 58.13 63.15

— J
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Appendix

Hospitalized
Normals -H- Fasting Glucose Values+

No. Age Mg%

38a 21 B 77.4 79.2* 80.8 G 153.0
T 12.93

S 46.0 42.8* 39.7 G 54.4
T 33.44

38b B 78.0 76.3* 76.2 G 157.2
T 13.47

S 47.6* 49.5 23.0 G 53.0
T 33.94

38c B 81.8* 80.2 82.0 G 175.6
T 13.03

S 49.6 43.7 45.8* G 75.4
T 34.09

-B- = Hospitalized normals all male

______ _____ _ __________________ __. ____________________________

XX

Glucose Tolerance Test Values+

114.5 89.6 67.1 48.8 37.2 25.
18.36 23 12 28.00 32.81 38.57 43.
44.8 42.6 35.2 29.6 23.6 15.
39.75 44.38 48.61 53.20 57.60 62.

130.0 105.4 74.4 54.5 42.2 29.
18.30 23.38 28.37 33.13 38.22 42.
42.3 41.4 41.0 28.8 26.2 17.
39.08 43.09 48.22 52.67 58.10 63.

149.5 126.2 91.6 60.8 56.6 32.
18.10 22.15 27.60 33.11 38.85 43.
66.9 60.5 45.8 47.1 43.2 28.
39.55 43.75 48.26 53.08 57.83 63.

4
48
2
30

8
78
3
00
2
14
0
18

—— — —— — —
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No. Age Mg”

Hospitalized
Normals Fasting Glucose Values-i-

39a 26 B 78.8 74.9* 72.5 G 155.0
T 13.53

S 50.9 46.3 48,2* G 62.4
T 34.50

39b B 75.3 70.2 73.6* G 167.3
T 13,85

S 44.8 41.5* 37.1 G 61.3
T 34.75

39c B 80.0 77.4* 76.4 G 173.3
T 14.03

S 46.8 45.4* 38.6 G 85.0
T 34.88

40a 24 B 91.6* 96.3 82.1 G 140.0
T 13.20

S 41.9 41.9* 47.5 G 47.4
T 33.56

40b B 86.2 84.7* 82.5 G 153.6
T 13.25

S 49.3 47.3 48.3* G 54.0
T 34.21

40c B 105.4 82.8 85.8* G
T 13.18

S 49.2 42.3 45.1* G 74.7
T 34.23

Glucose Tolerance Test Values!-

143.0
17.84

125.6
23.28

115.2
28.29

55.4
39.28

52.1
44.49

43.4
48.29

166.1
19.12

147.9
23.67

128.4
28.67

72.7
40.61

61.7
45.26

66.2
49.40

160.8
19.21

143.6
23.81

130.8
28.97

71.0
40.65

73.1
45.64

68.6
49.09

137.6
17.91

135.4
22.62

101.6
28.08

69.2
39.05

68.1
43.84

34.4
48.26

145,8
18.17

125.6
23.54

113.1
28.69

68.8
39.13

64.8
43.63

59.5
48.25

18.32 23.45 28.44

70.4
38.69

52.0
43.74

—

101.8
33.21

93.0
38.26

74.6
43.34

46.2
53.10

48.2
57.93

34.3
63.07

111.5
33.63

88.0
39.48

81.2
44.19

60.4
53.39

53.2
58.20

53.5
63.28

114.4
33.86

97.1
39.56

84.9
44.55

63.0
54.08

54.0
58.86

51.2
64.34

99.7
32.86

76.5
38.27

81.0
43.13

52.2
52.92

59.6
57.76

56.1
62.85

103.8
33.46

101.2
38.44

91.4
42.90

62.5
52.96

52.4
57.85

56.4
63.15

33.51 38.03 43.11

55.8
53.45

55.0
57.83

44.4
63.31
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Hospitalized
Normals Fasting Glucose Values+ 

Mg7oNo. Age

41a 29 B 73.7 69.3 73.6* G 162.2
T 12.95

S 47.5 43.5 46.2* G 55.0
T 33.28

41b B 70.6* 78.5 68.2 G 184.8
T 14.18

S 41.6 31.6 36.6* G 59.9
T 34.14

41c B 76.9 73.7* 70.6 G 203.1
T 13.19

S 46.8 43.7* 43.6 G 61.8
T 33.49

42a 23 B 74.2 69.3* 68.1 G 160.8
T 13.74

S 51.7 47.5* 43.7 G 61.2
T 34.90

42b B 67.5 63.6 63.7* G 195.9
T 13.21

S 54.6 44.5* 43.2 G 75.2
T 34.56

42c B 74.1 68.2 68.7* G
T 13.85

S 43.8 40.7* 38.2 G 95.6
T 34.59

Glucose Tolerance Test Values+

141.8
17.89

113.4
22.62

81.3
28.20

63.1
32.68

50.0
37.75

42.8
42.61

51.8
38.42

53.0
43.38

43.2
48.54

31.8
52.78

29.0
57.93

28.2
62.97

155.8
18.17

108.6
23.38

92.6
28.84

69.1
33.41

41.4
38.35

30.0
43.82

60.5
39.04

142.3
44.54

47.5
48.58

55.3
53.18

37.6
58.59

33.3
63.33

153.4
18.95

121.6
24.37

99.4
28.34

— 39.8
38.07

29.7
43.40

49.6
38.76

45.3
43.96

46.2
48.65

43.6
53.39

40.0
58.16

25.6
63.18

143.8
18.33

127.6
23.93

100.7
28.87

91.9
33.83

75.8
38.50

54.5
44.52

59.0
39.71

54.0
45.90

40.8
49.74

39.0
53.76

34.0
58.61

33.4
63.59

166.6
18.45

139.9
23.97

115.2
29.08

97.2
33.51

72.3
39.23

51.6
43.89

65.2
40.28

60.8
45.02

50.7
48.90

52.6
53.54

48.0
58.73

110.7
63.31

18.90 23.93 28.87 33.65 39.35 43.87
80.8
40.23

81.1
44.95

60.8
48.72

56.2
53.41

48.6
58.11

41.2
63.08
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Hospitalized
Normals Fasting Glucose Values+ 

Mg%No. Age

43a 24 B 88.

S 41.

43b B 104.

S 81.

43c B 00

S 50.

44a 36 B 73.

S 46.

44b B 77.

S 44.

44c B 76.

S 49.

78.7* 76.6 G 155.2
T 12.73

40.3* 34.4 G 53.3
T 33.57

90.2 95.0* G 178.5
T 13.19

57.7 60.0* G 118.2
T 33.60

84.7 86.4* G 194.4
T 13.23

43.6 46.3* G 93.6
T 33.76

72.8* 72.4 G 154.4
T 13.82

37.8 42.7* G 61.0
T 34.27

70.4* 66.8 G 178.6
T 13.69

44.2* 42.1 G 68.8
T 34.58

75.1* 73.5 G 181.3
T 15.67

47.1* 44.9 G 68.4
T 35.36

2

6

4

0

2

5

4

7

0

9

7

4

Glucose Tolerance Test Values+

140.2 121.6
17.98 22,89
51.0 51.5
39.25 43.63

161.4 47.4
18.23 23.11
91.6 67.7
39.08 44.01

192.3 162.6
18.07 23.12

101.7 87.4
39.82 43.35

131.6 118.8
18.97 23.80
61.0 60.5
39.77 44.70

155.0 138.0
19.06 23.86
76.1 52.0
39.74 45.03

152.8 127.4
20.77 25.20
75.8 62.6
40.44 45.39

87.2
27.66

69.9
32.83

44.0
47.73

50.2
52.77

139.9
28.02

88.6
32.84

73.4
48.40

48.0
53.79

146.7
28.37

132.0
33.58

81.4
48.18

49.2
53.15

101.0
29.05

86.3
33.32

61.9
48.62

45.7
53.35

113.2
28.95

103.2
33.61

59.3
49.03

54.4
53.81

108.7
29.57

86.4
34.12

51.8
49.16

49.4
55.34

51.6
38.59

40.8
43.00

41.2
58.04

33.0
62.96

68.9
38.45

65.1
43.38

53.8
57.69

36.8
63.37

113.1
39.28

101.5
42.87

65.8
58.21

68.8
63.15

78.4
38.82

71.6
43.53

46.2
58.06

43.0
62.93

85.2
38.96

72.0
43.98

54.4
58.86

48.6
63.60

65.0
39.25

50.4
43.99

39.5
59.39

39.2
64.32
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Hospitalized
Normals Fasting Glucose Values+

No. Age Mg%

45 a 32 B 62.5 65.9 63.3* G 83.5
T 14.01

S 43.3 36.9* 32.8 G 45.4
T 34.70

45b B 64.4* 68.9 63.5 G 116.6
T 13.45

S 44.6 47.3 46.4* G 43.0
T 34.45

45c B 60.3 61.5* 66.9 G 132.5
T 14.14

S 46.5 45.0 46.3* G —

T —

46a 23 B 82.4* 76.7 84.1 G 236.3
T 13.85

S 42.5* 44.8 41.3 G 48.8
T 34.14

46b B 75.8 75.5* 75.2 G 183.0
T 12.98

S 129.7 77.0* 59.3 G 43.6
T 33.64

46c B 81.6 80.4* 77.8 G 200.8
T 13.65

S 48.0 37.6* 37.3 G 91.4
T 34.01

— — i

Glucose Tolerance Test Values+

70.0
18.49

37.4
24.28

40.0
29.06

43.2
33.76

24.6
38.76

26.0
43.71

43.0
39.88

39.5
44.77

36.2
48.57

30.0
53.56

25.4
58.40

20.6
63.17

82.1
18.91

55.8
23.43

47.2
28.57

29.2
33.54

11.6
38.88

25.9
43.81

34.5
39.82

34.4
44.72

23.1
48.67

17.3
53.45

16.5
58.20

12.4
62.96

131.7
19.18

81.8
24.62

70.9
28.97

60.0
34.17

47.4
39.18

42.4
44.81

58.2
40.19

54.0
46.04

52.4
49.40

50.6
53.55

38.8
59.06

34.2
63.41

148.3
18.19

123.7
23.31

94.0
28.74

79.0
33.49

69.3
38.55

45.3
43.11

49.6
39.53

54.4
43.77

46.6
48.47

61.4
53.06

35.8
58.34

29.7
63.11

165.0
18.63

143.5
23.30

134.6
28.32

184.2
33.03

120.9
38.31

103.4
43.36

60.8
38.98

93.9
44.09

88.8
48.43

70.6
53.53

31.0
58.32

22.6
63.48

169.2
18.39

163.5
23.36

131.2
28.25

116.0
33.23

91.8
38.51

79.8
43.33

82.8
39.21

88.8
43.95

75.0
48.68

69.8
53.42

57.6
57.83

38.8
63.25
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No. Age Mg7»

Hospitalized
Normals Fasting Glucose Values-!

47a 23 B 83.2 76.7 79.4* G 148.1
T 12.91

S 61.4 43.4 43.4* G 65.6
T 33.65

47b B 89.3 120.9 114.4* G 180.0
T 13.32

S 94.8 51.4 53.6* G 44.0
T 33.57

48a 28 B 84.3 79.4 81.9* G 150.4
T 13.58

S 52.2 47.5 48.7* G 63.8
T 34.05

48b B 83.3 81.2* 79.8 G 167.9
T 13.67

S 36.6 31.3* 21.6 G 45.4
T 35.00

48c B 83.4* 82.0 84.0 G 195.7
T 14.45

S 56.6 53.4* 47.9 G 83.0
T 35.19

49a 22 B 73.0* 73.2 71.6 G 145.8
T 14.11

S 45.3* 41.0 48.5 G 44.5
T 34.78

Average 26 years

Glucose Tolerance Test Values-!

133.5
17.69

118.4
22.67

110.4
28.20

83.4
33.03

73.4
37.92

64.1
43.02

41.1
38.60

59.5
43.67

78.0
48.35

65.6
52.92

49.2
58.11

45.5
62.99

151.0
18.36

104.3
23.14

81.6
28.30

51.8
32.89

36.2
38.46

23.2
43.02

35.3
38.99

23.6
43.60

21.1
48.83

22.8
53.36

— 32.8
63.41

139.8
18.53

118.2
23.53

99.1
28.58

92.4
33.03

82.2
38.32

67.1
43.41

72.0
39.45

59.0
44.43

53.4
48.91

49.1
52.99

49.1
58.35

40.0
63.14

153.8
18.67

143.8
23.57

119.6
28.66

113.4
34.07

98.1
38.75

82.9
43.69

31.0
39.93

46.6
44.72

31.7
48.16

37.4
53.60

38.4
58.15

40.1
63.32

181.0
18.84

174.1
23.99

149.2
29.92

126.2
34.29

118.2
39.27

95.5
45.22

77.6
40.63

68.2
46.06

64.5
49.80

62.2
54.28

61.0
59.27

54.2
63.77

120.3
18.89

100.8
23.81

88.2
28.87

78.7
33.88

65.0
38.97

52.8
44.16

48.5
40.16

21.2
45.18

45.5
48.27

37.9
53.52

29.9
58.68

46.3
63.27
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Appendix XXI

Average Excess Glucose Disappearance Rates 
of Eight Normal Subjects 

with Three Dextrose Dosages 
35, 40, and 45 Gms.

Subject 35 Gms 
K=%/min

38 5.81

39 2.33

41 4.81

43 4.62

44 2.64

45 3.94

46 4.98

48 2.69

Average K 3.98

40 Gms. 
K^o/min.

45 Gme. 
K=%/min.

5.74 5.43

2.63 2.38

6.15 6.63

2.92 j  2.27

3.00 4.54

6.44 4.07

1.50 3.12

2.31 2.32

3.84 3.85



Appendix

No. Sex Age Fasting Glucose Values+
Mg%

Diabetics

1 F 73 B 124.6* 125.3 121.9 G 140.5
T 20.02

S 93.6* 96.5 81.5 G 30.0
T 34.21

2 F 55 B 175.3 156.4* 149.2 G 369.5
T 15.04

S 91.6* 69.7 94.5 G 87.0
T 36.63

3 M 27 B 161.5 160.6* 149.6 G 108.1
T 14.44

S 135.3* 127.4 139.7 G 102.8
T 34.76

4 M 24 B 267.4 262.4 256.7* G 170.2
T 13.16

S 178.6* 184.5 172.4 G 75.7
T 35.69

5 M 35 B 394.8 354.6 356.2* G 110.8
T 13.30

S 238.0 235.2* 232.9 G 73.8
T 34.11

XXII

Glucose Tolerance Test Values+

138.4
23.48

129.2
28.41

125.8
32.54

120.4
37.59

107.6
42.80

101.4
47.86

50.1
38.51

45.6
44.02

37.2
49.22

33.0
53.64

23.3
58.34

33.0
63.49

197.0
19.41

106.0
25.00

101.2
28.85

98.3
34.93

78.4
40.51

74.9
44.93

55.3
41.84

92.6
46.46

91.9
50.59

93.0
54.72

33.9
59.00

52.4
63.60

118.4
18.82

105.8
24.01

111.4
30.14

124.9
32.95

98.8
37.39

90.4
43.35

106.0
38.80

132.8
45.21

107.0
49.67

109.4
53.65

108.6
58.21

110.7
63.02

210.3
18.43

154.4
23.73

239.7
28.59

109.7
33.58

125.0
39.35

298.9
43.49

78.6
41.20

82.8
44.43

73.2
47.88

63.0
53.02

58.4
58.34

62.8
63.14

164.0
19.13

141.2
23.37

120.3
28.23

117.3
32.67

103.7
37.97

116.5
42.92

69.7
39.93

20.4
44.16

69.7
48.46

64.4
53.04

48.0
57.79

75.6
62.71
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Diabetics
No. Sex Age Fasting Glucose Values+

Mg%

6 F 73 B 102.5 105.3* 111.2 G 134.3
T 13.34

S 69.3* 66.4 69.4 G 51.2
T 35.34

7 M 70 B 130.0 117.8* 109.2 G 204.0
T 13.42

S 86.6 72.9* 70.2 G 49.0
T 35.08

8 F 62 B 166.5 151.3* 166.4 G 296.6
T 13.17

S 125.3 109.6* 106 G 68.3
T 34.21

9 M 63 B 170.5* 154.0 222.6 G 143.4
T 13.58

S 106.9 105.3* 102.0 G 78.6
T 34.07

10 M 45 B 65.8 49.4 53.9* G 191.8
T 14.34

S 34.5 32.4* 31.9 G 92.0
T 34.59

11 M 71 B 91.8 88.5* 85.6 G 81.1
T 14.30

S 85.2 59.6* 56.0 G 91.0
T 34.49

Glucose Tolerance Test Values+

125.8
19.04

179.6
24.28

316.2
29.49

128.7
33.69

108.5
39.39

57.6
40.50

59.4
45.12

64.2
49.87

56.4
54.21

43.4
58.57

196.1
18.49

186.6
23.72

175.4
29.28

155.8
34.10

150.0
39.19

67.8
40.01

59.8
44.43

75.4
49.30

68.4
54.07

61.2
58.56

: : : :
178.2
23.17

162.2
28.15

134.2
33.10

149.4
38.09

57.2
39.08

73.6
44.04

66.5
48.11

77.9
54.03

70.2
58.04

126.4
18.32

120.4
23.12

107.4
28.45

97.3
33.15

89.6
38.46

82.4
39.52

82.9
45.64

72.6
48.89

79.4
53.26

70.4
58.23

187.8
19.59

187.4
23.92

180.2
28.52

168.6
33.72

165.4
39.11

102.9
40.00

115.0
45.30

103.2
49.08

107.8
54.45

109.4
59.33

101.0
18.98

91.2
24.93

105.8
29.16

103.6
33.64

103.0
39.47

92.8
40.32

90.3
45.43

91.6
49.41

85.6
54.44

82.0
58.78

111.4 
43.61
51.4
63.60

143.1 
44.37
64.0
63.55

158.1
43.12
83.6
63.12

78.3
44.83
68 .8
63.20

164.4 
44.18

113.7
63.91

98.8
44.27
85.6 
63.42
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Diabetics

Fasting Glucose Values+ 
Mg%

No. Sex Age

12 M 59 B 78.0

S 78.0

13 F 65 B 93.7

S 73.0

14 M 42 B 187.4

S 136.7

15 M 45 B 175.0

S 143.5

16 M 79 B 118.2

S 92.3

17 F 45 B 75.7

S 77.5

.8* 73.0 G 153.4
T 13.74

. 6* 55.4 G 45.4
T 34.96

.2 94.9* G 157.2
T 13.57

.6 66.6* G 81.0
T 35.53

. 9* 159.2 G 167.8
T 13.90

.0* 117.6 G 73.0
T 34.82

.5* 170.7 G 140.8
T 14.63

.1* 110.9 G 73.2
T 34.57

.2* 109.4 G 165.8
T 14.81

.7* 71.5 G 77.0
T 34.20

.8 71.5* G 216.4
T 13.49

.5* 69.6 G 83.4
T 34.41

77

77

95

65

162

121

174

120

113

75

70

71,

Glucose Tolerance Test Values+

138.7
18.85

128.6
24.60

120.9
29.12

107.8
33.96

101.2
38.84

97.1
44.06

45.0
40.01

88.3
45.30

56.7
48.97

48.7
53.74

58.1
58.73 - - - -

149.4
18.76

145.8
23.69

141.5
29.15

162.9
34.27

125.8
39.27

111.9
43.70

85.2
40.21

77.3
44.73

89.6
48.53

83.9
54.05

82.3
58.44

83.3
63.20

165.8
18.56

134.9
24.03

133.6
28.64

122.0
33.78

125.4
39.03

104.9
44.83

92.2
40.18

78.8
45.74

80.6
48.92

88.1
54.37

75.8
59.34

73.6
63.32

100.9
19.66

— 116.8
28.48

108.8
33.58

112.2
38.61

102.2
44.98

72.4
39.29

64.2
45.70

60.4
48.59

59.2
53.38

68.0
58.38

62.2
63.67

171.8
18.87

165.8
24.38

153.4
28.73

143.6
33.20

133.8
38.69

126.8
43.55

89.0
39.36

79.5
44.79

91.0
48.56

79.4
53.46

77.8
58.35

82.0
63.09

218.0
18.27

202.5
23.42

194.4
28.28

189.5
33.27

172.4
38.74

161.8
43.91

88.6
39.46

94.4
44.72

92.7
48.45

84.6
53.49

85.6
58.39

94.4
63.30
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Diabetics
No. Sex Age Fasting Glucose Values+

Mg%

18 F 45 B 95.9 94.4* 92.9 G 157.0
T 12.52

S 59.1 52.0* 56.5 G 92.0
T 34.09

19 M 78 B 208.6 199.7* 193.8 G 139.6
T 13.77

S 143.9* 144.3 137.6 G 77.6
T 34.61

20 M 49 B 110.8* 111.6 108.0 G 161.5
T 13.19

S 85.2 7 6.4* 75.0 G 89.4
T 33.54

Average 55 years

Glucose Tolerance Test Values+

157.8
17.44

143.4
22.90

124.2
26.96

106.6
32.88

93.4
38.95

80.8
43.35

67.0
47.54

90.0
40.35

81.7
44.38

77.1
48.99

70.5
53.01

73.4
57.47

65.8
62.55

53.9
67.15

145.0
18.44

139.6
23.87

133.0
28.42

125.9
33.39

115.6
39.16

112.2
44.38

91.0
40.25

93.4
45.40

83.8
49.61

69.0
53.70

75.8
58.89

82.6
63.43

163.2
17.74

138.6
23.13

127.4
27.96

124.2
32.86

117.7
37.65

112.4
42.77

88.5
38.36

85.8
43.60

74.9
48.00

76.7
52.82

76.8
58.21

67.0
63.11
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Appendix XXIII

Excess Blood K Values of Diabetics 
Under 50 Years of Age

Diabetic
imber Age K Yo/min

3 27 0.56

4 . 24 0.16

5 35 0.67

10 45 0.59

14 42 1.45

15 45 0.60

17 45 0.99

18 45 2.50

20 49 1.34

Average ^ 40 0.95

S.D. -0.75



Appendix XXIV

No. Sex Age Fasting Glucose Values+
Mg%

Psoriatics

1 M 49 B 86.0 83.9 83.4 G 151.
87.4 85.7 83.0 T 13.

Av. 84.9

2 M 42 B 82.9 80.8 80.2 G 159.
80.0 77.0 74.0 T 14.

Av. 79.2

3 F 22 B 87.1 84.4 81.9 G 128.
77.5 78.5 74.0 T 14.

Av. 80.6

4 M 37 B 78.5 78.8 75.1 G 189.
77.4 75.0 75.3 T 13.

Av. 76.7

5 M 50 B 94.9 94.4 86.6 G 135.
100.4 95.9 95.4 T 14.

Av. 94.6

Glucose Tolerance Test Values+

131.0
19.39

114.6
24.13

99.3
30.27

86.2
35.57

77.2
38.70

63.1
45.16

133.0
20.69

114.9
24.34

103.1
29.57

92.6
33.11

69.4
38.04

42.3
43.69

124.4
19.04

100.7
24.16

96.2
29.11

82.7
33.90

58.7
39.31

44.4
45.73

176.6
18.30

161.4
23.14

150.8
27.81

139.8
32.61

131.3
39.36

123.6
43.35

120.0
19.27

103.5
24.36

93.7
29.27

86.5
33.64

71.2
38.79

59.0
44.18

7
81

2
24

2
59

9
84

2
14
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Psoriatics

Mg7o

No. Sex Age Fasting Glucose Values+

6 F 20 B 86.0 83.8 88.2 G —

85.0 84.2 88.9 T
Av. 86.0

7 F 22 B 84.8 86.4 84.8 G 204.0
87.2 87.8 85.8 T 13.94

Av. 86.1

8 M 23 B 89.7 88.4 88.1 G 142.1
88.9 86.0 86.6 T 14.12

Av. 88.0

9 F 13 B 79.2 77.8 80.3 G 168.4
77.6 76.3 79.4 T 14.04

Av. 78.4

15 M 43 B 92.5 93.3 94.1 G 187.4
88.0 88.0 93.2 T 13.24

Glucose Tolerance Test Values+

195.9
18.06

184.0
22.86

151.7
28.22

144.1
33.54

134.0
38.65

123.3
43.04

176.1
18.45

150.5
23.36

133.3
28.52

125.0
33.53

101.0
38.57

82.0
43.57

118.8
19.14

99.2
23.84

75.8
29.01

54.7
33.70

41.1
38.37

27.3 
43.76

148.3
18.64

114.8
24.49

118.8
29.66

110.5
34.26

85.5
38.22

180.2
17.97

167.4
22.97

152.2
27.63

131.4
34.29

124.2
38.24
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Psoriatics
No. Sex Age Fasting Glucose Values+

Mg%
13 M 37 B 94.9

89.2
Av. ,

14 F 47 B 85.1
87.8

Av.

10 F 29 B 77.4
74.9

Av.

11 F 29 B 83.4
83.1

Av.

12 F 26 B 64. 6
65.2

Av.

92.2 87.5 G 131.3
87.0 85.6 T 13.22
89.4

82.4 86.1 G 129.6
84.7 85.5 T 12.95
85.3

73.8 74.4 G 196.2
74.1 72.3 T 13.40

74.5

81.1 83.4 G 185.4
83.1 84.4 T 13.49
83.1

60.3 62.3 G 144.1
64.5 62.1 T 14.23
63.2

Glucose Tolerance Test Values+

124.9
18.23

128.0 101.5
18.05 23.61

166.4 139.3
18.85 23.78

168.9 150.9
19.19 24.20

130.7 102.3
19.21 24.44

116.6 109.1
28.37 33.17

89.5 75.4
27.98 33.03

108.9 87.0
28.31 33.53

115.1 98.1
28.96 34.22

83.8 71.2
29.78 33.91

96.1 103.7
38.06 43.38

62.5 50.8
38.55 43.75

67.1 50.7
38.92 43.38

70.3 47.6
39.00 45.12

53.5 46.1
40.19 44.18
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Appendix XXV

Blood Glucose Disappearance Rates (Excess) 
in 15 Psoriatics 50 Years of Age and Under

K Value
Age Sex Y0/minuteSubject 

1 

2

3

4
5

6

7

8 
9

10

11 29

12 26

13 37

14 47

15 43

Average 33

M 2.83

M 4.19

F 3.43

M 1.44

M 2.34

F 1.87

F 2.90

M 5.59

F 2.44

F 4.53

F 4.34

F 3.95

M 0.94

F 3.18

M 1.17

3.05

s. D. -  1.25

49 

42 

22 
37

50 

20 

22 

23

J /3
29
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Appendix XXVI 

Test Tape (Lilly) Experiment *

*
Subj ects

I.V.
Dosage
gms.

15 min. Blood 
Glucose Value 

mg7„

20 min. Blood 
Glucose Value 

mg7o

1 45 277 227

2 45 270 210

3 45 281 279

4 35 212 202

5 45 306 269

6 35 226 215

7 35 246 220

8 45 310 250

9 35 270 231

10 35 285 210

11 35 270 259

12 45 299 274

13 35 264 231

14 35 285 238

* All subjects had negative test tapes at the end of 

20 and 65 minutes after rapid intravenous dextrose

loading
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Appendix XXVII

Glucose Concentration in Skin

Subject Diagnosis Excess Glucose Time i
mg% Minute

Normal 30 14
47 18
56 30
41 38
32 47

Normal 42 15
58 17
68 34
59 44
43 62
18 77
13 94

Normal 48 15
61 18
72 29
60 36
49 41
34 45
29 51

Diabetes 30 34
Mellitus 54 39

55 44
34 49
29 54
23 58

Psoriasis 59 34
70 39
69 45
49 49
45 54
34 59

Diabetes 52 35
Mellitus 71 40

77 44
76 49
70 54
61 59

6
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Appendix XXVIII

Skin Glucose Concentration In mg% 
(wet weight)On Coordinate Graph

Paper

Peak approximately at 
30 to 35 minutes

Time ( in minutes)
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Appendix XXIX

Glucose Disappearance From The Skin 
Plotted On Semi logarithmic Paper

Time ( in minutes)
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Skin Excess Glucose Disappearance Rates

Appendix XXX

with 35, 40, and 45 gms of Dextrose

Skin K at Skin K at Skin K .Subject 35 Gm 40 Gm 45 Gm%/min. %/min. 7o/min.

38 4.14 3.49 3.09
39 1.67 0.79 1.67
40 0.01 0.34 1.47
41 2.66 2.63 2.27
42 2.44 0.34 0.30
43 1.41 3.63 1.73
44 1.43 1.26 2.36
45 2.82 4.48 2.33
46 1.54 2.59 2.64
48 1.75 0.09 1.42

Average 1.99 1.96 1.93
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The Percentage Excess Glucose (after IV dextrose loading)
Appendix XXXI

Found in the Skin at 30 Minutes

Subject
Dosage
35 Gm. 
%

Dosage 
40 Gm. 
%

Dosage 
45 Gm. 
%

38 24.8 19.4 25.0
39 21.9 22.0 21.5
40 30.2 23.5 19.3
41 23.3 21.8 17.4
42 18.2 18.0 23.4
43 16.4 29.8 25.7
44 22.7 21.3 21.7
45 17.5 14.9 20.4
46 18.2 26.9 25.6
48 29.2 13.6 26.5

Average 22.2 21.1 22.6
S.D. t 4.9 - 5.0 - 3.1
S.E. - 1.6 - 1.6 - 1.0
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Appendix XXXII

SKELETAL MUSCLE

LIVER
GLYCOGEN

\k
G-G-P ,

OTHER
TISSUES

BLOOD
GLUCOSE

BLOOD 
LACTIC ACID

Lactic Acid
Glycogen/P y ru v ic  Acid \ l  

/ /  HMP
' Nucleic Ac id'"'''Shunt 

Synthesis

SKIN INTRACELLULAR SPACE

Kreb 
Cycle 

Proteins 
+ Fat ' 

Synthesis

EXTRACELLULAR 
LACTIC ACID

EXTRACELLULAR 
GLUCOSE

, G-G-P

,HMP
Shunt

Extracellular 
Extravascular 

Space 
of the 
Skin
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Appendix XXXIII

Intermittent Cori Cycle of the Muscle

Blood
Lactic
Acid

Muscle 
Lactic 
Acid

Liver

Blood
Glucose

Muscle
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Appendix XXXIV

Continuous Cori Cycle of the Skin

Li

Blood
Lactic
Acid

Skin
Lactic

Glucose

/Skin
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Appendix XXXV

Skin Glucose Cycle ( I )  and Skin Glucose- 

Lactic Acid Cycle (II)

Liver

Z x ii

/

/

\
\

\

Large" Blood 
Lactic Acid 
Reservoirt

Skin
Capillary 

Lactic Acid

t
Skin 

Extracellular 
Lactic Acid

\ \
X

Cell Lactic 
Acid

'Large" Blood 
Glucose 

Reservoir

/ /
Skin

Capillary 
Blood 

Glucose

\

\x Skin 
Extracellular 

Glucose

/ /

/
Cell Glucose- Z  

- P 0 4 X
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