INTERRELATIONSHIP BETWEEN R. ., BLOOD SUGAR AND BLOOD
PYRUVATE LEVELS AFI'ER GLUCOSE LOADING IN YOUNG
HEALTHY SUBJECTS
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A preliminary study conducted on 1R voung healihy subjects showed three distinet
patterns of K. Q. changes during normal glecose tldronce test of 2 holrs duration, Subjeciy
Were grouped into three categories viz., A, B and C according to their R, 0. reaciion puttern.
When the three cdarepories of sitbjects were administered Prednisolone {onee only} and
h¥poglycaemic drugs (two types) for b period of 7.davs ol suitnble intervals, the K. Q. and the
hlood pyruvate levels showed distinotive changes in each ol the three gronps following glucose
loading,  In contrast, the blood glucose levels of ench curegary followed inure or lesda similar
pattern withont much varintions, compared to their original hazal G. T. T. values.

The possible causcs of changes in R, 0. and hlood pyruvate levels vis-a-vis blood
glucose concenrration both before and after the administrarion of phurmacolégical agents wnd

their possible significance huve bean discussed.

Introduction

Conflicting  opinions are frequently
expressed by the: specialists on the issue
of a pilot’s fitness to fiy, when an zhnor-
mality in G.T.T. is deiccted during
routing  investigastions. Differsnces of
opinions arise mostly due (o different
interpretations of the resulis of GT.T.
in absence of corrchorative findings.
In 1his respece “*border e GT.T
abnormalitics have always posad a prob-
lem 1o the specialists,

In absence of a clear evidence, it iy
difficult to predict the course of dizbetes
specinlly at the early and latent stages.

Quite a large percentage of latent diabetes
either become permanently diabetic or
revert back 1o normal with or without
treatment.  Abnormalily in G/T'T, may
be due to various cauvses, Chief disorder
in dizhetes is with carhohydrate metabo-
lism. As the discase advances, all other
metabolisms are gradually affected at one
stage or the otler . Glucose tolerinee
test reflects only the sum total result of
elucose metabolism and does not furnish
any nformation of  the inlermediary
stuges.  Insulficient knowledge of inter-
mediary  metubolism  of glucose is the
chief comtributory cause of controversy
sinee, the interpretations of the resoles
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, based on G.T.T. findings alone is not
. dependable for diagnostic purposes for
TANY TEASIE,
The most important aspect of glucose
metabolism is the capacity of the cells 1o
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utilise glucose in a judicious manner.
Blood sugar level at any moment reflects
only the halance of glucose left in the
blood after its conversion to fat, deposi-
tion us glycogen and its utilisation by the
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cells, These plysiological processes are
all reguiated by various enzyme activiiies
under the influence of endocrine secre-
tions.  In dinbetes, any one of these or
more thun one, muy beat fault. which
nway be of lemporary  or  permanent
nature depending upon the site and the
degree of the disorder in the whole metu-
holic chain.  Blood sugar values alone do
not furnish any.onc of the informulions
cited above, which s so cssential for the
purpose of u relinble diagnosis. (Fig. 1)
Inspite of (his inadequucy. glucose tale-
rance  lesr, conlinwes to be  the
anchor for disgnosis and prognosis of
diabetes of all descriptions.

shecl

Inview of the above & preliminary
study was conducted on young  healthy
subjects with a view to explore the pOsst-
hilities of eliciting the behaviour of some
vital links in the intermediary metabolism.
which are reflected on ‘easy to investi
Fate’ biochemical reaclions. Such infor-
mations are likely to provide a vital clue
as to the nature of the disorder even in
latent or early stages of diabeles, for
which furiher studies are being contemp-
lated.

Studies conducted on some of the phy-
siologicel parameters on 18 subjects indi-
calc fhe above possibilities. The results

of these preliminary studies are being
presented here.

Method

Fighteen healthy subjects in the age
group: between 20-30 vears were  sclected
for the purpose of the study.

Respiratory Quotient (R.Q) for each
subject was determined ar the fasting
level, and after 1and 2 hours of glucoss
administration. whenever it was required
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to be estimated. For this purpose, subjects
alter adequate rest in bed, were made Lo
breathe through @ mouth-piece connected
o 4 Douglas bag. They brealhed in
atmospheric air and breathed out into the
Douglis bag for 6 minutes. The expired
airowas analysed ina Scholinder micro
s analysis apparatus in order to deter-
mine the COL output amd Oy consump-
b, RB. QL wis cstimated from  theése
vitlues using the formula ;

Ce— 0,03

R-Q. = ~5o65 6.

e

where Ce represents CO, percentags in
cxpired air : 0.03, the percentage of CO,
present in the imspired air: 0,265, the
correction  factor for the volume of
inspired and eapired air; Ne, the percent-
age of Mo in the expired air; Oe; the
percentage of Oy in the expired air.

For the estimation of blood pyruvie acid
it fasting level and | hour after the admi-
nistration of the test dose of glucose, 1 ml
of wvenous bloed was collected. Blood
pyruvic acid estimation was done by the
method recommended: by Joiner et all .

Clueose tolerance test was performed
by Somogyi-Melson® methad.  Capillary
blood was collécied from finger prick. The
sibjects were given 100 gins. of glueose
dissolved in water wrally . in a suitable
concenlration as 4 test dose. Blood amd
urine samples were collected at fasting
stage mnd every 30 minutes after the
administration of plucose tIll 20 Bours
samples were collected,

All the subjects were investizated for
R. 0. binod pyruvic acid and blood sugar
on three different occasions at suitably
spaced intervals in the Following manner =
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Toble I. Bosol R.@. values of the subjects in groups ABand C

before and after alucose loading.

R Q.
GROUP | SUEICT [ Fasting | 1 after | 2hvs ofter
“ | glucose | glucose
1__ D'E_Z o580 G-'E.d._
2 o-835 | 082 | 090
5 | o7 |oso | 085
A 6 | o8 | 087 | 0-87
1 | o3 | o087 | 08 |
12 074 | 0-g2 | 079 |
15 | om |ces | oo
15 oeo | o8t | 081
Mean o.8c O-88 0-B5
5 o-13 | 0-78 !_o g2
s | 1.09 |09 | 1-00
B 14 | o004 |[o0-93 | 0-%
18 0-94 | o.83 | 095 |
Mean 0-94 0-90 0-93%
4 c-88 | 0-92 | O 95
- 1o 77 | 0-83 | 0.5
C 8 o-aﬂ_'liaf'ﬁ-ﬂc
10 082 |08 |[coa
16 076 |0 8o |08 |
19 0-74 | 0-81 | 0-8
Mean 0 80 i 057 | 020
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(1) Basal — i. ¢. when no pharmacolo-
gical agents were sdministered to

the subjects. The findings of this
sories served asq reference,

i)  Afler the administiration of Predni-

solone.

(c) Afier 7 days of sdministration of
cither Rastinon or DBL three tablers

A dny.
On #ll occusions G.T.T. snd R.Q.
determination were  conducted upio 2
howrs,

Prednisolone primed G.T.T. was perfor-
med on the next day of the basal readings.
10 mg. of prednisalone were administerad
at 8 hours interval (2 doses) in the Air
Force Hospital Bangalore priorto the test,

th fast dose was piven 2 hours before
thie tesy,

Subsequently. the subjects were put at
random either on Rastinon or DBI for u
period of 7 days. without the kirowledge
of the experimenters as a precaution
against experimental bias.

Rexnlts and Miscassion

Basal R.Q. values of all the 18 subjects
are given in Table 1. Subsequent to the
determinations of B.0). values, subjects
were divided into three groups viz., A. B
and C on the basis of the pattern of R
changes from the fusting level after
ghucose administration, This praciice was
followed with a' view to ensure unifor-
mity among the groups and for subsequent
coniparison  of  intra and inter group
experiments]l pesulis, According o this
classification, vut of the 18 subjects. §

were bracketed in group A, 4 in group B,
and 6in proup C.
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Group A represented the subjects who
showed a rise in R.Q. toa higher value
from the fasting level at 1 hour, followed
by a full at 2 hours alter glucose admini-
siration.

Group B subjects showed a full of R. Q.
at | hour followed by u subsequent rise ot
2 hours after glucose administration.

Group C represented the subjects whe
showed & continuous rise of R.Q, from
the fasting level uplo 2 honrs after glu—
Cose administration.

There was one subject who showed a

continuous fall of R.Q. through all ihe
phases afrer glucose ndministration. This
subject has nol been included in the list,
in view of its being an jsolated case.
However, in a proposed future study this
type of reaction will be kept in view and
analysed.

Belative changes of R.Q. and blood
glucose level are shown in Fig 2. It
will be noted, that thers were minor

inter group variations in the peak and 2
hours values of blood glucose, In
contrast, there were considerahle diffe-
rences in the paltern of B. Q. between
A, Band C. k

In 2 moleculsr structure, the relative
quantitics of oxygen and carbon contai-
ned in the three categories of biological
“fuel™ differ. Therefore the relative
volumes of COz produced and Q5 con-
sumed: during the metabolism  of each
t¥pe of foed also suarv. R.Q. values
therefore, give an ndication as to the
type of “fuel” being utilised by the cells

during the metubolic processcs. Calh-
cart and Muerkowitz™ are of the view
that R.Q. in o given instance isua resil-

tunt of several different metabalic proce-
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sses,  viz., synthesis, interconversion and
combustion,

While discussing the significance of
R.Q. inrelation to general metaboliso,
Cantarow and Schepariz? stated thar, if
the peganism is  utilising exclusively
carbohydrate, the R.Q. would be 1.0, if
utilising far alone, R.Q. would be 0.7
and if protein alone the B.Q. would be (.5,
Conversion of carbohydrale o fal resulis
in R.Q. values increasing above 10
because some of the oxygen of the carbo-
hydrate molecule. which contains rela-
tively more of this clement as compared
ta: faly becomes available during the
oxidative proeess  of 1fs: conversion
resulting in less requirement of Oy in
the inspired @ir for tte organism. On
the same analogy conversion of fat to
carbohvdrate would be reflected on the
R.Q. value being less than 0.7 and for
protein  the R.Q, wvalues will range
hetween 0632 - 0.726. According  to
them & progressive decrcase in the pro-

portion of carhohydrate utilisation (i.e.
in carbohydrate deprivation or diabetes
mellitus) will be reflected in progressive
lowering of the R.Q. approaching to 0.7
or even below this value,

On the ahove hasis, it may be said that
the three groups of subjects A, Band C
in the present experiment, reacted
differently afier the administration of
aglucose  perhaps because their
hasic cnzymalic reaction patlerns were
different.

Fig. 3 shows how the R.Q. and bleod
glucose values reacted before: and afier
slucose loading following the admini-
stration of Prednisolone. There were no
significant intra group changes in blood
glucose values as compared to their basal
values as shown in Fig. 2. Blood glucose
value wise, all the subjects in all the
groups reacted in a similar manner.
However the changes in the R.Q. values



b LA M, 5. OF INDIA

Fic.3 Averatf R.Q. AuD BLOOD SUGAR VALUES IN THE GROUPE

A, B awD € BEFORE AuD AFTER GLUCOSE LOADING

FOLLOWING ADMINISTRATION OF PREDMNISOLONE.

] T | T T T I I T
Grour-A Group-B Group-C
%o #———=Rlood glucose
L. Bl 0F il
frales o 1.0
i 4
o Y40
E
o 1301 -l0.a
m [
g -
2 20k :
'El m
© not —0:8
s
m -
100
80 1 | 2y 1 | I 1 | 1 F
F 1Hr. 2 Hrs. F-  1Hr  2urs. = IHr.  ZHrs
Time
Faw VHE.

after Prednisolone administration are
different in the three groups.

In group A, the R. Q. values showed a
continuous rise (Fig 3) after Prednisolone
nstead of *‘first rise then a fall” pattern
seéen carlier in basal condition.

In group B, the R. Q. values showed no
rise from fasting | hour after Predniso-
lone therapy. It rose subsequently at
2 hours (Fig. 3) which is at variance with
the basal pattern as scen in Fig. 2.

Group C subjects differed from the
other groups in this respect. FEwven afier
Prednisolone administration they did not
chunge their R. 0. response pattern from
the original i.e. “a conlinwous rise™
{Fig. 2 and 3) type remained unaltered.

It is known, that glucocorticoids by
stimulating neoelucogencsis  tend to
“push up” the blood glucose level during
the . T. T. Originally cortisone glucose
tolerance test (C. G T T.) was introduced
by Fajans and Conn® with a view Lo
“unmask™ the potential diabeties i.e.
those apparently normal but destined to
become frankly diabetic luter. According
te the criteria laid down by them fusing
venous bloodand true glucose measure-
ments) the limits of normaul are taken as
160 mg:[100ml. at 1 howr, [50mg, A00ml,
at lx hours amd 140 mg 100 ml. ar 2
hours. The usefulness of this test is still
nol acceplable 10 miuny, Pyke® is of
the opinion that the test is likely to be
no more relishic thin other tesis in order
to differentiate normals from the diobetics.
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Whatever its worth as a test, the signifi-

£ant point o note in the present expari-

mental sel up is that there is a significant
trend of changes in R, Q. values in groups
A and B and less significantly in group €
(Fig-3)alter Prednisolone administration.
These are indicative of the influence of
Prednisolone on the metabolism in groups
Aoand B und not in Group €. In other
words the metabolism of Group C is not
influenced by Prednisolone in contrast 1o
Groups A and B.

Does il indicate then; that the people
who #re considered normal on the basis
of G.ET may have different métabolic
mechanisms keeping their blood glucose
level within the normal Timits? At least
the inter group differences of R.Q. at
“basal’ state and intra group differences
afler Prednisolone administration point 1o
this faet,

Since K.Q. in a given instance is the
resultant of several metabolic processes
as pointed out by Catheart and Marko-
witz (ibid) as opposed to blood glucose
level which merely refleets the balance
of the whole process, it appears fram the
above results, that the R.Q. gives o
better indicution of the adjustments that
take place in the whole metabolic chain,
after glucose loading than the blood
sugar valees alone. A close look at the
pathways of carbohydrate metabolism
(Fig. 1) and the results obtained indicute
such a possibility.

Further evidence in this respect is
provided by the behaviour of R.Q, and
blood glucose levels afrer the administra-
tion of hypoglyvcaemic drugs of known
pharmacological actions.

It will he seen from Fig. 4, that after
the administration of Rastinan (500 mg)
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thrice daily for 7 days, some of the
subjects of group A (only those who
received Rastinon in Group A) showed a
similar pattern of R.Q. changes as scen
earlier during “basal” state (Fig.2). It
Was not so with group B.

In group B the R.Q. remained unultered
all through the period of investigation
upto 2 hours. This reaction cannot be
explained on the basis of known physio-
logical facts.

In group C, however, Rastinon produced
a different reaction altogether as compared
to “basal” and after Prednisolone, admini-
stration, After the administration of Pred-
niselone, the R.QJ. changes observed were
very similar to those of *hasal’ conditi-
ons, where as after Rastinon administration
(Fig. 4), the basal pattern of R.Q. i.c. “a
sontinuous rise” type was converted into a
*first rise and then a fall” which was not
sgen earlier in group C subjects.

It, therefore, indicates that in group C
subjects, after administration of Rastinon,
which is known for its stimulating effect
on B cells of Langerhans and therefore of
increased production of insulin, the basic
enzymatic processes of plucose metabolism
{and perhaps other metabolism too) were
readjusted to a new level of activity, in
contrast to that of the subjects in Group
A. These finer adjustments. however, are
not reflected on the blood sugar values
of either groups.

Pharmacological -actions of DBI are
guite different from Raslinon, though
both are hypoglycaemic agents. Butter-
ficld et al7 are of the opinion that effects
of sulphonylureas in general are most
pronouned on the fasting blood sugar
Ievel, but the extent of this fall cannot be

taken as & practical guide for treatment.
It has been found hy many workers notn-
bly by Duncan et al®, that the lower
level of fasting blood sugar during treat-
ment is not associated with any marked
changes in the mean rise or fall of blood
sugar during standard G.T.I. That the
effects of sulphonylureas as hypoglycae

mic agents 15 due to the Increase in B
cells activity, has been proved by the
electron microscopic studies conducted
by Volk et al® and many others.

Experimentally DBI has been Found to
reduce lissue respiration and produce
laclacidosis, This was confirmed by
the work of Tranguada et al'" and
olthers.

Therefore from the above, it i3 expecied
that DRI administration is likely to en-
hance anaerobic cycle of Embden Meyerh-
of pathway of glucose metabolism in
contrast to Rastinon. The effects of these
two drugs logically therefore should be
reflected on Op consumption and pyruvic
acid level of the blood.

Values of R, . after the administration
of DBI in some of the subjects (only
those who received DBI) of group A, B
and C after glucose loading are shown in
Fig. 5. The most remarkable differences
in the R.Q. pallern are noliceible in
groups A and B as compared to the
corresponding changes seen after Rastinon
administration (Fig. 4).

In group A the R.Q., insiead of the
pattern “first rise, then a fall” was
converied inlé a “continuous  rise”

Lypc.

In group B the R.Q. changed flrom
“first @ fall” type to *“first rise and then a
fall™.
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The R.Q. changes in group C after DBL
administration was lesser than the changes
observed afier Rastinon. But the group
reaclion of ““continuous risc’” was conver-
ted into “first rise then a fall” after both
Rastinon and DBI. .

The ahove results therefore confirmed
that the pharmacologica! effect of DBI on
glucose metabolism is significantly diffe-
rent from that of Rastinon, a fact which
ix well reflected on the R.Q. values
and not sa much on blood sugar
values.

Fig. 6 depicts the average bload pyruvic
acid levels at fasting and a1 1 hour after
glucose loading in basal condition and
following Rastinon and DBI therapy.
The maximum rise of pyruvic acid in

blood from fasting to 1 hour was noticed
after Rastnon therapy in group € and the
minimum was noticed after DRI therapy
in Group A, The R.Q. changes for the
corresponding groups also ran parallel
to that of pyruvic acid levels i. e maxi-
mum - rise after Rastinon therapy in
Group C and minimum rise after DRI
therapy in group A (Table 2). The: inter-
pretation of these results will have to
wail till larger number of samples hoth
from normal and diabetic subjects are
collected.

Out of the 18 subjccts studied, subject
Nos. & and 10 showed horderline abnor-
malitics in basal GTT whereas subject
No. 19 showed a lag storage type of GTT
Curve (Table 3). All the three suhbjeets
belonged to group C according to R. o
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Table-2
51
vhanges of R.Q., Blood Sugar and Pyruvic Acid from Fasting

to 1-hour after glucose Loading in Groups A,B and C &

subject Nos. 8 and 10.

';;mu.,-.; BASAL | RAsTiNoN | DBI
| Ve'tS | Fail & |Rise or Fall [Rise or Fall |
R@ (0.08+| 0.09 + | 0.-02 +
| A [Bc [a2+]| 39 + 43 +
Pyr.A io-és+ 026 + | 0.07 +
R.Q. 0:04~ | *(Nochange)| 0. 03 +
B |ps |a49+] 62 4 A0 +
Pur.A |0-45+| 0:35 + | 0.38 +
. |R.&.. (0-07T+| ©:-12 4 0.-05 +
C_" B.G. 53 + 44 + 54 +
fpur.a [o35+| 044+ | 0.30 +
Syssect [R.Q. o-18+| 0:16 +
%8 Ba [e0+| 50 +
Pyr.A (0-87+| 0-64 +
susrecy |R-Q C-03+ | 0:-06 +
1940 1B.g 60 + 60 +
| PyrA |0-25+| 0.23 + e
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VRS,
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