Biochemical Pharmacology, Vol. 29, pp. 813-819.

© Pergamon Press Ltd. 1980. Printed in Great Britain.

STIMULATION OF p-NITROANISOLE O-DEMETHYLATION
IN PERFUSED LIVERS BY XYLITOL AND SORBITOL*

LESTER A. REINKE,T FREDERICK C. KAUFFMAN and RONALD G. THURMANZE

Department of Pharmacology, University of North Carolina, Chapel Hill, NC 27514 (L.A.R. and
R.G.T.), and Department of Pharmacology, University of Maryland, Baltimore, MD 21201 (F.C.K),
U.S.A.

(Received 21 March 1979; accepted 14 September 1979)

Abstract—Xylitol and sorbitol, two sugar alcohols which readily enter into pathways of hepatic carbo-
hydrate metabolism, stimulated p-nitroanisole O-demethylation in perfused livers from fasted, but not
fed, phenobarbital-treated rats. The increase in mixed-function oxidation correlated well with the
production of NADH from the metabolism of xylitol and sorbitol (half-maximal stimulation for both
processes was observed with concentrations between 0.1 and 0.2 mM). p-Nitroanisole metabolism by
isolated hepatic microsomes was unaffected by the addition of xylitol and sorbitol; however, when
NADH was added to microsomes, or was generated from sorbitol, sorbitol dehydrogenase and NAD™*,
a synergistic increase in p-nitroanisole metabolism occurred. Ethanol (0.2 mM), which does not enter
into pathways of carbohydrate metabolism, also caused an increase in the pyridine nucleotide redox
state and stimululated p-nitroanisole O-demethylation in livers from fasted rats. In addition, sorbitol
and xylitol stimulated p-nitrophenol conjugation in livers from fasted, phenobarbital-treated animals,
probably by supplying substrate for increased UDP-glucuronic acid synthesis. The data indicate that
sugars which influence the pyridine nucleotide redox state alter rates of mixed-function oxidation and
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conjugation in whole cells.

Nutritional intake has long been recognized to influ-
ence drug metabolism, and in large measure accord-
ing to species and sex differences. For example,
starvation generally decreases hepatic microsomal
drug metabolism in male rats while it stimulates this
activity in female rats and in both sexes of mice and
rabbits (for review, see Ref. 1). Conversely, in rats
fed a high carbohydrate diet, drug metabolism is
decreased both in vitro and in vivo [1,2]. Most
studies exploring the influences of nutrition on drug
metabolism have utilized relatively long-term dietary
changes; much less information is available on the
acute effects of carbohydrates in whole cell prep-
arations. Thurman er al. reported that the infusion
of glucose [3] or dihydroxyacetone [4] into perfused
livers from fasted, phenobarbital-treated rats stimu-
lated p-nitroanisole O-demethylase activity. Simi-
larly, the addition of glucose or lactate to isolated
hepatocytes from fasted, phenobarbital-treated rats
increased alprenolol metabolism [5].

The conjugation of drug metabolites may also be
influenced by the acute nutritional state. For exam-
ple, rates of p-nitrophenol conjugation in perfused
livers from phenobarbital-treated rats were greatest
in fasted-refed animals, intermediate in animals
which had free access to food, and least in 24-hr
fasted rates [6]. These rates of conjugation correlated
well with the hepatic glycogen content, rather than
with glucuronyl transferase activity {6].
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The mechanisms involved in the acute and chronic
effects of nutrition on drug metabolism and conju-
gation remain obscure. These interactions are impor-
tant, however, because fasting is often involved in
certain types of chemotherapy, and because reduced
food intake accompanies many pathological states.
In addition, many precarcinogens undergo mixed-
function oxidation before becoming metabolically
active [7], and a relationship between the diet and
cancer has been established in epidemiological stud-
ies [8].

Sorbitol and xylitol, two carbohydrates which are
actively metabolized in hepatocytes, were employed
in these studies to explore some of the acute inter-
actions between carbohydrate metabolism and
mixed-function oxidation in the perfused rat liver.
The data indicate that sorbitol and xylitol increase
the rate of p-nitroanisole O-demethylation in livers
from fasted, but not well-fed rats. This stimulation
most likely occurs by providing NADH for the
mixed-function oxidase system. A preliminary
account of this work has appeared elsewhere {9].

MATERIALS AND METHODS

Animals. Female Sprague-Dawleyrats, 100-200 g,
received sodium phenobarbital (1 mg/ml) in drinking
water for 2 weeks, prior to perfusion experiments
to induce the microsomal mixed-function oxidase
enzymes [10]. Fasted animals were deprived of food
for 24 hr prior to use.

Liver perfusion. Details of the perfusion technique
have been described elsewhere. Livers were perfused
with Krebs-Henseleit bicarbonate buffer, pH 7.4,
saturated with an oxygen—carbon dioxide mixture
(95:5) in a non-recirculating system. The fluid (37°)
was pumped via a cannula placed in the vena cava
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past a Teflon-shielded oxygen electrode, before
being discarded, in order to monitor continuously
tissue viability. p-Nitroanisole (0.2 mM) was dis-
solved in Krebs—Henseleit bicarbonate buffer, and
the continuous formation of p-nitrophenolate ion
was monitored spectrally, as described previously
[3]. Under these conditions, 4-nitrocatechol forma-
tion from p-nitrophenol was minimal (L. A. Reinke
and R. G. Thurman, unpublished observation). Sor-
bitol and xylitol were dissolved in the buffer and
infused into the perfusion fluid, entering the liver at
final concentrations indicated in the text and figure
legends.

Determination of glucuronide and sulfate conju-
gates of p-nitrophenol in perfusate. Where indicated,
glucuronide and sulfate conjugates of p-nitrophenol
were measured by adding 1.0 ml samples of perfusate
to 0.5 ml of 0.1 M phosphate buffer, pH 7.4, which
contained 275 units B-glucuronidase and 25 units
sulfatase activities (Sigma. Chemical Co., St. Louis,
MO). The samples were incubated for 3 hr at room
temperature to hydrolyze all glucuronide and sulfate
conjugates. The p-nitrophenol liberated was then
measured spectrally at 436 nm.

Hepatic microsomal p-nitroanisole O-demethylase
activity. Hepatic microsomes were prepared by stan-
dard techniques of differential centrifugation {11].
They were subsequently washed and resuspended in
0.15 M KCl. Assays were performed in 25 ml Erlen-
meyer flasks containing 10 mM nicotinamide, 5 mM
MgCl,, 0.5mM p-nitroanisole, microsomes (2-
3mg/ml) and an NADPH-generating system con-
sisting of 0.4 mM NADP"*, 30 mM isocitrate dehy-
drogenase and 0.2 units isocitrate dehydrogenase
(Sigma Chemical Co.), in a final incubation volume
of 2.0 ml of 0.18 M phosphate buffer, pH 7.4. The
incubations were initiated by the addition of the
NADPH-generating system, and were terminated
after 15 min by the addition of 0.5 ml of 0.6 M perch-
loric acid. The precipitated microsomal protein was
removed by centrifugation, and 1.0 m! of the super-
natant fraction was mixed with 0.1 mlof 12 NNaOH.
4-Nitrocatechol formed from p-nitrophenol rep-
resented approximately 20 per cent of the p-nitroan-
isole metabolized under these conditions. Its con-
centration was determined in the alkalinized
supernatant fractions at 480 nm (45 = 8.61 - mM ™),
The p-nitrophenol concentration was determined at
436 nm (ess = 7.11- mM~' - cm™!) after correcting
the absorbance for the contribution of 4-nitroca-
techol (436 = 3.85 - mM™" - cm ™). Microsomal pro-
tein was determined by the biuret reaction [12}, and
p-nitroanisole  O-demethylation  activity was
expressed as the sum of p-nitrophenol and 4-nitro-
catechol formed-min~'-mg™' of microsomal
protein.

Surface fluorescence of pyridine nucleotides and
flavoproteins. The redox state of tissues may be
monitored noninvasively, employing surface fluor-
escence techniques. Certain oxidized flavoproteins
fluoresce at 520 nm when excited at 460 nm, while
reduced pyridine nucleotide fluorescence is excited
at 366 nm and monitored at 450 nm. Changes in
flavoprotein fluorescence reflect predominantly
changes in the mitochondrial oxidation-reduction
state, while pyridine nucleofide fluorescence indi-
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cates changes in both mitochondrial and extrami-
tochondrial NAD* and NADP* coenzymes [13].
With this technique, the liver is illuminated alter-
nately with pulses of 366 and 460 nm light. The
emitted fluorescence is detected by the photomul-
tiplier after passing through secondary filters having
transmission maxima at 450 and 520 nm respectively.

The mechanical and electronic details of the dou-
ble fluorometer are described elsewhere [14]. The
apparatus consists of a high intensity xenon lamp,
a photomultiplier, a combination of primary and
secondary filters mounted on a rapidly (air-driven)
rotating disc, and necessary electronic components.

RESULTS

The effects of xylitol and sorbitol on p-nitroanisole
O-demethylation in perfused livers. The influence of
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Fig. 1. Effect of xylitol on p-nitrophenolate production
from p-nitroanisole and on pyridine nucleotide and flavo-
protein fluorescence in a perfused liver from a fasted,
phenobarbital-treated rat. The production of free p-nitro-
phenol was continuously assayed in the effluent perfusion
fluid, as described in Materials and Methods. The intro-
duction of p-nitroanisole (0.2 mM) and xylitol (0.07 mM)
is designated by the horizontal bars and vertical arrows.
Fluorescence increase (366 — 450 nm) represents reduction
in pyridine nucleotide oxidation—reduction state, while flu-
orescence decrease (460 — 520 nm) represents flavoprotein
reduction. One vertical scale division represents a 5 per
cent change in fluorescence intensity.
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Fig. 2. Effect of sorbitol on p-nitrophenolate production

from p-nitroanisole and on pyridine nucleotide fluorescence

in a perfused liver from a fasted, phenobarbital-treated rat.

The introduction of p-nitroanisole (0.2 mM) and of sorbitol

(0.25 mM) is designated by the horizontal bars and vertical
arrows. Other conditions are as in Fig. 1.

xylitol (0.07 mM) and of sorbitol (0.25 mM) on the
production of free p-nitrophenol from p-nitroanisole
in perfused livers from fasted, phenobarbital-treated
rats is shown in Figs. 1 and 2 respectively. Both
xylitol and sorbitol nearly doubled the rate of p-
nitropheno! formation from p-nitroanisole (Figs. 1
and 2). The decrease in pyridine nucleotide fluor-
escence observed when p-nitroanisole infusion was
initiated results from fluorescence quenching by p-
nitroanisole and p-nitrophenol and, therefore, does
not represent oxidation of these coenzymes [15). The
infusion of both sugar alcohols was accompanied by
a fluorescence increase (reduction) in pyridine
nucleotides, while flavoprotein fluorescence was
unaffected (Figs. 1 and 2).

The effects of increasing concentrations of xylitol
and sorbitol on free p-nitrophenol production from
p-nitroanisole and on the pyridine nucleotide redox
state in livers from fasted rats are shown in Fig. 3.

Both pyridine nucleotide fluorescence and p-nitro-
phenol formation increased in a step-wise fashion as
the concentrations of the sugar alcohols were
increased. Half-maximal changes in surface fluor-
escence and mixed-function oxidation occurred
between 0.1 and 0.2 mM with both sorbitol and
xylitol (Fig. 3).

Xylitol and sorbitol caused pyridine nucleotide
reduction when infused into livers from fed, phen-
obarbital-treated rats (Fig. 4); however, the redox
changes were smaller in this metabolic state than in
fasted livers. Half-maximal pyridine nucleotide
reduction was achieved with 0.5-0.8 mM carbo-
hydrate (Fig. 4). In contrast to the large increases
in p-nitrophenol formation (3-6 umoles/g/hr)
observed in livers from fasted rats (Figs. 1-3), only
very small increases (less than 0.5 umoles/g/hr) in
free p-nitrophenol production from p-nitroanisole
were observed in livers from fed rats (Fig. 4).

p-Nitrophenol is actively conjugated in the per-
fused rat liver, primarily via glucuronide and sulfate
formation [16]. Therefore, samples of perfusate were
incubated with glucuronidase and sulfatase to deter-
mine the influence of sorbitol and xylitol on the rates
of total (free and conjugated) p-nitroanisole O-
demethylation. In livers from fed, phenobarbital-
treated rats, p-nitrophenol produced from p-nitroan-
isole is more actively conjugated (85 per cent) than
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Fig. 3. Effects of xylitol and sorbitol on free p-nitrophen-

olate production and on pyridine nucleotide fluorescence

in perfused livers from fasted, phenobarbital-treated rats.

The data points for the various carbohydrate concentrations

are means * S.E.M. from four to six experiments, as illus-
trated in Figs. 1 and 2.



816 L. A. REINKE, F. C. KAUFFMAN and R. G. THURMAN

2+

Sorbitel
Xylitol .

2
~IB

[o]
~
-
=

Increase in Free p-Nitrophenol
pmoles/g/h
s

8- I I Xylitol

o
by
=
°©
2
o
G~
zR I
P
c 9 .
p-anil
T g Sorbitol
= 44
>U
[ I
e
c o
= 3
=
‘g“ 0 T Y Y 1
@ 0 i 2 5 0
2

Carbohydrate Infused, mM

Fed, Phenobarbital-Treated Rats

Fig. 4. Effects of xylitol and sorbitol on free p-nitrophenolate production and on pyridine nucleotide
fluorescence in perfused livers from fed, phenobarbital-treated rats. Experiments such as those illustrated
in Fig. 1 and 2 were performed in perfused livers from fed, phenobarbital-treated rats, utilizing various
concentrations of xylitol and sorbitol. The data points are means + S.E.M. from four to six experiments,

p-NITROANISOLE, 0.2mM p-NITROANISOLE, 02 mM !
|
soZRBITOL SORBITOL
mM ZmM
A 403, - B 48 2L
/ e
372 /. \‘ 44 [ \ i
341 4 ol
310 361 |
! > NIV ASN A
!
279 \ 321 T\ e
§ \\ 4 5 l f ! \
A
€ 2 48* ® < 28 |
& 3 e l/
o » [<}
£ E A
F 217 E3 24
o £
€ 1 86+ £ 20
8 8 f 2
E i 554 Conjugated 2 i6 4 Conjugated
@© k2]
5 g 1
= 4 £ 3 SO Fr
3 124 £ ] Tee
& a
0 931 0.81b—+
{ v v
oezi-'L E—— 04
J / T ] v
031 Free o I
0-7 . v . - . s — . :
46 5/ 56 61 66 A 78 8 44 49 54 59 6 69 74 7
MINUTES OF PERFUSION MINUTES OF PERFUSION
Fed, Phencbarbital - Treoted Rot Fasted. Phenobarbital - Treated Rat

Fig. 5. Effects of sorbitol on free and conjugated p-nitrophenol in perfused livers from phenobarbital-

treated rats. Samples of perfusate taken at various time points were treated as described in Materials

and Methods for the determination of p-nitrophenol conjugates. The introduction of p-nitroanisole

(0.2 mM) and of sorbitol (2.0 mM) is designated by the horizontal bars and vertical arrows. Panel A:
fed rat. Panel B: fasted rat.
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in livers from fasted rats (25 per cent; Fig. 5; see
Ref. 6). In the fed state, the rate of conjugation
subsequently declined as the rate of p-nitrophenol
production from p-nitroanisole decreased (Fig. SA).
During sorbitol infusion, an increase in free p-nitro-
phenol formation was observed in livers from fasted
animals (Fig. 5B). Sorbitol also caused the conju-
gation rate of p-nitrophenol in livers from fasted
animals to increase slightly, from a rate of
0.84 = 0.08 umole/g/hr during the 10 min prior to
sorbitol infusion to 1.36 = 0.06 umoles/g/br in the
presence of sorbitol (means = S.D. for six deter-
minations). In livers from fed rats, sorbitol infusion
did not increase the total rate of p-nitrophenol for-
mation from p-nitroanisole, although there was a
reproducible tendency for free p-nitrophenol to
increase slightly under these conditions (Fig. 5A).
Xylitol infusion produced similar effects on p-nitro-
phenol formation and conjugation in livers from fed
and fasted rats (not shown).

Ethanol increases the intracellular NADH redox
state via the action of alcohol dehydrogenase [17].
The influence of ethanol (0.2 mM), on free and total
p-nitrophenol formation from p-nitroanisole and on
pyridine nucleotide and flavoprotein fluorescence is
shown in Fig. 6. The infusion of ethanol] caused a
reduction in both pyridine nucleotide and flavopro-
tein redox states. In addition, both total production
and unconjugated p-nitrophenol production were
increased during ethanol metabolism (Fig. 6).
Ethanol did not stimulate p-nitroanisole metabolism
in livers from fed rats (not shown).

Effects of sorbitol and xylitol on microsomal p-
nitroanisole O-demethylation. In isolated hepatic
microsomes, sorbitol and xylitol had no effect on p-
nitroanisole O-demethylation {(Table 1). However,
when the microsomes were fortified with NADH or
with an NADH-generating system consisting of sor-
bitol, NAD*, and sorbitol dehydrogenase, a stimu-
lation of p-nitroanisole metabolism was observed.
In the absence of NADPH, NADH supported only
a low rate of mixed-function oxidation (Table 1).
The effect of NADH + NADPH on p-nitroanisole
O-demethylation was greater than the additive effect
of either cofactor alone (i.e. NADH synergism
{18,19].

DISCUSSION

Stimulation of mixed-function oxidation by xylitol
and sorbitol in perfused livers from fasted rats. In
mammalian liver, xylito!l is dehydrogenated, pre-
dominantly by an NAD*-linked xylitol dehydrogen-
ase, to form xylulose [20], and sorbitol is converted
to fructose by an NAD*-dependent sorbitol dehy-
drogenase [21]. Subsequently, both fructose and
xylulose are phosphorylated and enter the glycolytic
and gluconeogenic pathways at the triose phosphate
level {20, 22]. In livers from fasted rats, sorbitol,
xylitol and fructose are rapidly converted into glu-
cose [23, 24]. Tt has been suggested that the metab-
olism of glucose via the pentose phosphate pathway
is the predominant source of NADPH [25], the
obligatory cofactor for mixed-function oxidation
[26]. Livers from 24 hr-fasted animals contain less
than 2% of the glycogen stores of well-fed animals
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[27] and, therefore, sorbitol and xylitol may stimulate
mixed-function oxidation by providing substrate for
NADPH generation through the pentose phosphate
shunt. Indeed, the stimulation of drug metabolism
by glucose in whole cells from fasted animals has
been proposed to occur via this mechanism [3, 5].
Alternatively, the metabolism of glucose, sorbitol
or xylitol could indirectly increase cytosolic NADPH
by supplying pyruvate for the malic enzyme shuttle
mechanism [3, 5.

The pyridine nucleotide reduction produced by
sorbitol and xylitol correlated with the increase in
p-nitrophenol formation from p-nitroanisole, with
half-maximal changes of both phenomena occuring
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Fig. 6. Effect of ethanol (0.2mM) on p-nitroanisole O-
demethylation and pyridine nucleotide and flavoprotein
fluorescence in a perfused liver from a fasted, phenobar-
bital-treated rat. Conjugates of p-nitrophenol were deter-
mined as described in Materials and Methods. The intro-
duction of p-nitroanisole (0.2 mM) and of ethanol (0.2 mM)
is designated by the horizontal bars and vertical arrows.
Other conditions are as in Fig. 1.
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Table 1. Effects of sorbitol and xylitol on hepatic microsomal p-nitroanisole O-
demethylation

p-Nitroanisole O-demethylation activity*

Addition (nmoles/min/mg microsomal protein)
None 1.20 2 0.06

Xylitol (10 mM) 1.1220.01

Sorbitol (10 mM) 1.13 £ 0.01

Sorbitol (10 mM)

NAD* (1.0 mM), 1.61 = 0.01%

Sorbitol dehydrogenase (0.5 units)

NADH (1.0 mM) 1.62 = 0.057

NADH (1.0 mM) (no NADPH) 0.27 = 0.05+

* Values are means * S.D. of triplicate determinations, as described in Materials
and Methods, in hepatic microsomes from fasted, phenobarbital-treated rats. NADH
and sorbitol dehydrogenase (Sigma Chemical Co.) were added to the flasks just prior
to the NADPH-generating system in their respective assays.

1 Significantly different (P < 0.001) with respect to flasks with no additions.

with 0.1-0.2 mM carbohydrate (Fig. 3). The stimu-
lation of p-nitroanisole O-demethylase activity in
hepatic microsomes when incubated with an NADH-
generating sorbitol-metabolizing system or NADH
alone (Table 1) simulates the effect of sorbitol in the
perfused liver (Fig. 1) and suggests identical mech-
anisms. NADH synergism of NADPH-dependent
drug metabolism is well established [18, 19]. The
mechanism involved in this synergism is not well
understood, but probably involves donation of elec-
trons to cytochrome P-450 via cytochrome bs {18, 19].
NADH synergism in microsomes is also apparent in
these studies, since NADH addition or generation
resulted in a greater increase in p-nitroanisole O-
demethylation activity than was observed from sum-
ming the effect of NADH and NADPH alone (Table
1). Thus, NADH synergism of mixed-function oxi-
dation is also a possible explanation of the stimu-
latory effect of xylitol and sorbitol.

Stimulation of p-nitroanisole O-demethylation by
low concentrations of ethanol in livers from fasted
rats appears to result from NADH synergism of
mixed-function oxidation [9]. This stimulation of p-
nitrophenol formation could be blocked by the
inhibitor of alcohol dehydrogenase, 4-methylpyra-
zole [28]. was insensitive to amino-oxyacetate, a
transaminase inhibitor [29], and correlated well with
NADH produced from ethanol metabolism. Ethanol
is not a carbon source for gluconeogenesis in the
perfused liver, since it is metabolized to acetaldehyde
and then to acetate [30]. In addition, ethanol inhibits
gluconeogenesis [31]. Thus, ethanol (0.2 mM) stimu-
lation of mixed-function oxidation in livers from
fasted animals must occur through NADH pro-
duction without producing carbohydrate interme-
diates. Production of NADH directly from the
metabolism of xylitol and sorbitol rather than via
carbohydrate intermediates is most likely the pre-
dominant factor in the stimulation of p-nitroanisole
O-demethylation by these sugar alcohols. This pos-
sibility, however, does not exclude other mechan-
isms, e.g. activation of pentose phosphate shunt
activity.

Sorbitol and xylitol do not stimulate mixed-func-
tion oxidation of p-nitroanisole in livers from fed
rats (Fig. SA) where large glycogen stores are present

[27]. Furthermore, sufficient NADH may be pro-
duced from normal glycolytic flux in this metabolic
state to saturate the cytochrome bs system. In this
metabolic state, neither the production of more
NADH from the metabolism of sorbitol or xylitol,
nor the addition of excess carbohydrate would be
expected to stimulate mixed-function oxidation, in
agreement with the experimental observation (Fig.
S5A).

Interactions of sorbitol and xylitol with conjugation
of p-nitrophenol in perfused livers. p-Nitrophenol is
more actively conjugated in livers from fed, phen-
obarbital-treated rats than in livers from fasted
animals [6], (Fig. 5). Differences in rates of conju-
gation were more closely related to carbohydrate
reserves, as indicated by glycogen levels, than to
activities of UDP-glucurony! transferase [6]. Inlivers
from fasted, phenobarbital-treated rats, sorbitol
increased not only the rate of mixed-function oxi-
dation, but also the rate of conjugation of p-nitro-
phenol (Fig. 5, Results). While the stimulation of
p-nitroanisole O-demethylation by sorbitol may be
largely explained by NADH synergism (see above),
the most likely explanation for the increased rate of
conjugation is increased UDP-glucuronic acid syn-
thesis via gluconeogenesis from sorbitol

Conversely, in livers from fed rats the infusion of
sorbitol or xylitol tended to increase the concentra-
tion of free p-nitrophenol in the perfusate (Figs. 4
and 5). This is due most likely to inhibition of con-
jugation of p-nitrophenol (Fig. 5). Sorbitol has also
been shown to inhibit glucuronidation in isolated
hepatocytes, probably via redox inhibition of UDP-
glucose dehydrogenase [32].

In conclusion, these studies demonstrate that
hepatic drug metabolism and disposition can be
altered acutely by the carbohydrate supply to the
liver. Removal of glycogen stores through fasting
markedly decreased the conjugation of p-nitro-
phenol and established conditions where NADH
generated from the metabolism of xylitol and sorbitol
stimulated mixed-function oxidation. Additionally,
infusion of these carbohydrates increased the rates
of conjugation in livers from fasted animals. These
findings may be relevant to the disposition of chemo-
therapeutic agents in pathological states where
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reduced food intake and/or intravenous carbo-
hydrate infusion are commonly employed.

Note added in proof—In livers from fasted, pheno-
barbital-treated rats, sorbitol (5 mM) infusion
increased measured NADH by 250 per cent, con-
firming the increase in pyridine aucleotide fluor-
escence observed (Fig. 3).

—

10.
11.
12.
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