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SECTION 1 - RESEARCH PROTOCOL

1. Title : Digoxin Absorption and
T Metabolism in Patients with
Acute Diarrhoea,

2. Principal Investigator: Dr. J. Lindenbaum
3. Co-Investigator : Dr. A.N. Alam

4. Starting Date : B Fe?muary 1, 1983
5. Completion Date: | MaFch'3l, 1983

6. Total Direct Cost : 51,880

7. Scientific Programme Head:

This protoco) has been approved by the Nutrition Working Group.

* Signature of Scientific Programme Head ; L«) _gl (fzfigz;mm*ﬂﬂ
Date: ’2—- ﬂ[@g:?
7

This signature implies that the Scientific Programme Head takes
responsibility for the planning execution and budget for this
particular protocol.

8, Abstract Summary:

Digoxin was found to be metabolized to cardiolnactive reduced
derivatives (digoxin reduction products, oxr DRP} that are excreted mainly in
the urine (1,2). DRP are formed exclusively by anaerobic bacteria present in
the gastrointestinal tract(3), so that urinary DRP excretion after a dose
of digoxin is a measure of the functional activity of the anaerolic
gut flora in humans. We plan to study digoxin absorption and metabolism in 20
patients admitted to ICDDR,B with acute diarrhoeal illness. Following a single
oral dose of lanoxin {0.25 mg), urine will be collected for 48 hours and
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lanoxin & DRP concentrations will be measured by separate radio-
immunoassay. As a control group, it is also planned to recruit
100 healthy Bangladeshi adult volunteers to establish the
prevalence of DRP excretion in the Bangladeshi population.
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SECTION II - RESEARCH PLAN

INTRODUCTION:

1. Objective : The primary aim of this study is t0  gzscertain

. Background :

the absorption and metabolism of digexin following
a test dose of digoxin in acute diarrhoeal patients.

Digoxin is the most widely used cardiac glycoside in the treatment of
congestive heart failure and certain arrhythnias. Despite extensive clinical ﬁf
experience, insight into its pharmacokinetics, and the widespread availability R
of radioimmunoassay measurements of serum concentrations, major problems in -
the therapeutic use of the drug remain. Digitalis . compounds are agents
with a low therapeutic ratio. Their use is further complicated in that
individual patients vary considerably both in the dosage of digoxin required

to produce a beneficial therapeutic effect and in their sensitivity to its
toxic effects (1). In addition to interpatient variability, there may be
significant fluctuation from time to time in the dosage requirements of a
single individual, resulting in therapeutic inefficacy at some times, or
digitalis = toxicity at others (1.2). The importance of this problem lies not
only in the widespread use of cardiac glycosides, but also in. their potential
for toxicity. Toxic effects of digoxin administration are among ths most
serious and common adverse drug reactions encountered in ciinical medicine

(3). Work by many investigators over the past two decades has identified
several of the causes of variability in therapeutic response to these agents.
Variations in renal function, diffuse myocardial disease. the presence of
certain supraventricular arrhythmias, infancy, and interactions with other
drugs such as quinidine have all been shown to modify digoxin requirements
(2,4). Another major cause of variation that was first identified by our group
in 1971 is variability in digoxin absorption from the gastrointestinal tract({5).
This problem was recogriized after a number of patients at Harlem Hdspita1
Center with atrial fibrillation were found to have high digoxin dosage require-
ments and relatively low serum digoxin contrations. Significant variation in
drug bicavailability from various tablet preparations was found to be
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responsible (5). This was found to be due to differences in tablet dissolution
rate (6). As a result of this work, various regulatory agencies have accepted i
our recommendation (6) that dissolution rate requirements be established for - :
digoxin tablets, and tablets with low dissolution rates and consequeht poor
bioavailability have been removed from the world market. Impaired digoxin
absorption has also been shown to occur during therapy with a number of other

drugs such a neomycin, kaolin-pectin, antacids and sulfasalazine, as well as in

some patients with malabsorption syndromes (4, 7-9).

Digoxin Metabolism

Despite recognition of factors that may affect digoxin absorption and the
removal of poorly absorbed tablets from the market, the problem of marked vari-
ability in digoxin therapy persists. Digoxin toxicity remains common; in addi«h
tion, we frequently continue to encounter patients in whom serum digoxin concen-

trations are subtherapeutic despite adequate drug dosage and compliance. There .-

is evidence that variation in digoxin metabolism may play an important role in ggf
certain patients. It had long been standard teaching that digoxin is excreted %;
largely unchanged. via the urinary tract, and that the gnall amount of.metaboi :g
1ism that occurs, ihvolving the removal of 1, 2 ar all 3 of the digitoxose suéars'%:

from the molecule and/or its glucuronidation, is of minor clinical significance,

I
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since these metabolites ramain cardioactive (although digoxigenin is about 1/3
as active as the parent compound) (10, 11). However, it is now recognized that ¢
in a significant minority of patients, extensive metabolism of digoxin to dihydro-{'
digoxin, in which the double bond of the lactone ring is reduced, may occur (12-14).

Dihydrodigoxin (and other reduced metaholites, such as the agiycone, dihydro-;l

digoxigenin) have markedly decreased inotropic and toxic effects in various sys-

tems, including intact animals, heart-lung preparations, isolated auricles, papi]-'
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digoxin, suggesting a smaller volume of distribution (24). In addition, the é
compound was rapidly excreted, with mean serum and urinary elimination half-1ives
of 8.1 + 1.3 (SEM) and 13.8 + 2.1 hr, respectively (24). These findings paralieled
those reported in cats (21). We then studied 120 patients on chronic digoxin
therapy at Harlem Hospital Center and found that 14 (11.7%) excreted more than 40%
of total urinary digoxin in the form of reduced metabolites (14).

We then applied the RIA method to the aralysis of the patterns of excretion

of reduced metabolites in urines obtained from 131 normal subjects who participated ;
in bicavailability studies that were conduqted in our laboratory over the past
decade {23). Certain striking findings emerged from our retruspective analysis.

These included: (1) Delay in metabolite appearance. After a singte oral dose of

digoxin, peak digoxin excretion occurred during the first 8 hours; in contrast,
Tittle or no DRP appeared in the urine during this period, and peak levels were

usually achieved at 24-48 hr. (2) Consistency of metabolite formation. Most

individuals studied repeatedly over a period of several months to a year consis-
tently excreted or failed to axcrete reduced metabolites. The 131 subjects could fﬂ
be divided into two groups on the basis of their response to thetr first exposure I
to digoxin. The ma?ority(approximately 2/3) excreted 0 to 5% DRP (calculated as

DRP divided by the total excretion of digo£in and its metabolites X 100), with 5%

being the Tower limit of accurate detection under routine conditions of the assay;

they are referred to as "non-excretors”. One-third of the subjects excreted
between 5 and 70% DRP, with 1 in 10 excreting more than 40%; they are referred to
is "excretors". With subsequent exposures to digoxin, regardless of the number
of single or steady state doses given, more than 90% of subjects remained in their

original category as excretors or non-excretors. (3) Occasional disappearance of

the tendency to reduce digoxin. An important finding was an exception to the rule:

6 subjects who had repeatedly formed iarge amounts of DRP no longer excreted any:



detectable DRP on subsequent repeated expasure to the drug. This indicated
that environmental factors must in part determine variability in metabolite

production. (4) DRP formation appeared to vary inversely with bicavailability.

In tngse excretor subjects whe received two digoxin preparations of differing
bioavailability, greater DRP excretion usuaily occurred with the preparation
that was absorbed less well. In two DRP excretors who received digbxin by

both the oral and intravenous route, DRP excretion was greater after oral admin-

istration. (5) Change in DRP excretion after antibiotic therapy. A provocative

observation was the disappearance of DRP formation in two excretor subjects who
by chance had each taken a brief course of érythromycin for an upper respiratory
tract infection over a two week period between digoxin doses.

Although these retrospective findings were not definitive, they provided
potential clues that allowed us to form hypotheses that could be more rigorously
tested by prospective experiments. We speculated that the inverse relationship
of DRP formation to bioavailability indicated a gastrointestinal site of meta-
bolite formation, possibly in the colon, in view of our finding of maximal dihy-
drodigoxin formation on the second day after an oral dose of digoxin; that this
metabolism was an activity of the colonic bacterial flora, which might vary from
time to time in a given person and which was sensitive to the effecfﬁ of anti~
biotic therapy. The reason why most penple did not form reduced metabolites,
and a minority did, could be due to differences in their enteric flora. We
then tested these hypotheses in planned, prospective in vivo and in vitro experi-
ments. We first showed that by intentionally varying the bicavailability of thé
digoxin preparation administered, we could markedly alter the extenf of DRP for-
mation in excretor subjects under steady state conditions (25). W4e then attempt-
ed to show that cultures of the fecal flora of excretor subjects could convert

digoxin to DRP in vitro. Stool samples were obtained from 30 normal volunteers




who excreted 15-70% DRP in vivo when given one or more oral doses of digoxin.
One gram aliquots of stool were incubated in pre-reduced anaerobic media con-

taining digoxin 10 ug/ml for 43-96 hours under anerobic conditions, iIn 29 of

the 30 subjects studied, 90 to 100% of the digoxin originally present was con-
verted to DRP. The pre-addition of erythromycin or clindamycin at concentra-

tions of 1 to 5 ua/ml, or of tetracycline at 50 ug/ml, markedly or completely

inhihited DRP formation by the stool cultures (25).
Having demonstrated that bacteria capable of metabolizing digoxin were X %
present in excretor subjects, we then studied the effect of antibiotics on the |
tendency to form DRP in vive., Three known excretors wefe placed on 0.5 mg
digoxin in tablet form daily for 10-17 days and then given a 5-day course of .. %{
erythromycin or tetracycline. Digoxin was continued throughout antibiotic
therapy and for the following week. In each subject a dramatic fall in ORP - .
excretion occurred during the first 48 hours of antibiotic therapy. Reduced

metabolites, which were at a level of 30-65% in the urine before therapy, fell =

to undetectable or barely detectable (less then 2%) levels in each volunteer

by the fifth day of antibiotic therapy and remained at those levels during the
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subsequent week. Stool specimens from each subject contained both digoxin and

DRP before antibiotics, but only digoxin after. Steady state serum digoxin

concentrations, obtained on 3 consecutive days before and after antimicrobial P

treatment, rose in each subject, approximately to double baseline values in two e
a Lol

of them (25).

These experiments appeared to show that (1) DRP were made by antibiotic -
sensitive bacteria in the gastrointestinal tract (2) this was the only impor-

tant site of DRP formation, in view of the disappearance or virtual disappearance

of the metabolites after antibiotics and (3) changes in the enteric flors may

markedly alter the state of digitalization.




ldentification of QRP-forming hacteria

We then set out to isolate the organism responsible for ORP production by
the human gut flora (14). Of more than 400 colonies of organisms isoiated from
the stool of two excretor subjects, only two were found to produce DRP. Both

were identified as Eubacterium lentum, an anaercbic non-sporeforming gram posi-

tive rod frequently but not universally found in the human gut flora (14). We
have also tested 150 stock strains of anaercbes and aerobes representative of the
normal gut flora. The only organisms found to elaborate DRP were strains of

E. lentum (14). Of 28 strains of E. lentum that we have tested, 18 made DRP.”

[t thus appears that a subset of a single species of bacteria found in the human
gastrointestinal tract is responsible for the conversion of digoxin to its reduced
metabolites (14). We have alsc recently found that a substantial minority of non-
excretor subjects contain bacteria in their stool in high concentration that are
capable of converting digoxin to DRP in vitro (despite the fact that this process
does not occur in vivo) (14). Five DRP-forming organisms isolated from stool
cultures obtained from two non-excretor subjects were also identified as

fubacterium lentum. It is apparent, then, that neither the presence of DRP-forming

organisms, nor their.concentration in stool, is the determining factor as to wheth-
er a person given digoxin will form reduced metabolites in vivo.

In summary, then, a substantial minority of patients receiving digoxin con~

vert a fraction of the drug to cardioinactive reduced metabolites. In approximate-

1y 10% of patients, conversion is massive (i.e., more than 40% urinary DRP excre-
tion) and potentiaily of clinical significance. Our work over the past three
vears has shown that DRP excretors and nen-excretors tend to remain in the same
category regarding their tendency to form these metabolites; that DRP are made in
the gastrointestinal tract as the result ¢f the action of enteric bacteria; that

this process appears to be mediated by Eubacterium lentum, a frequent constituent




27 tne normal gut fiora; and that therapy with certain antibiotics may reverse

this process and lead to incranents in the amount of circulating digoxin,

Changes in the Colonic Flora with Acute Enteritis

A number of investigators have reported changes in the composition of the
human gut flors during acute infectious enteritides. In patients with cholera
(26), enterotoxigenic E. coli infections (27), and other non-vibrio acute diar-
rheas (27, 28), marked shifts in the normally predominantly anaerobic féca]
flora (29) have been reported. During acute diarrhea in these patients, facul-
tative aerobic organisms predominated in the stool, and the concentration of
anaercbes, such asBacteroides, was strikingly diminished (1~ to 5-fold log
decrements in concentration). Follow-up studies 4 to 10 days after onset of
these illnesses showed a gradual return to the normal balance of fecal organisms
(26, 27). Similar findings were reported in some, but not all, human volunteers
in whom diarrhea was induced by the adininistration of saiine via a small intes-

tinal tube (30). A1l of these studies were performed before Fubacterium lentum

was well characterized as a major component of the human intestinal flora, and
the effect of diarrheal states on the concentration and acitiv..y of Eubacteria
has not been reported.

We propose to study digoxin absorption and metabolism in patients during and
after recovery from acute diarrhea due to a variety of infectious causes.

Acute diarrheal illness has been reported in isolated case reports
to cause a fall in serum digoxin concentrations in previously well digitalized
patients (31, 32). Digoxin malabsorption has been reported in some but not all
patients with a variety of malabsorption syndromes (8, 9). It is possible that
digoxin metabolism would be enhanced as a result of an acute diarrheal illness,
in view of the inverse relationship between diqoxin absorption and its metabolism

by the flora of the lower intestine. On the other hand. the acute suppression of

the anaerobic flora of the farge bowel that has been documented with acute infec-




tious diarrheas may also involve Eubacterium lentum, in which

case digoxin metabolism would be suppressed. In the latter
instance, a digitalized patient who developed acute diarrhoea
would be at risk for digoxin toxicity, since suppression of
the anaerobic flora in a DRP excretor may result in substantial

increments in serum digoxin concentration (25}.

Specific aims:

(i} To determine the urinary concentrations of digoxin
and its cardioinactive reduced derivatives (DRP) in patients

with acute diarrhoea c¢f varied etiology, and

(i1) to understand better the abscrption and metabolism
of digoxin in acute enteritis where the anaerobic gut flora
e,g, Eubacterium lentum,responsible for DRP production in

humans, may be disturbed,
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Methods of procedures

It is planned to study digoxin absorption in 20 patients seen at the
ICDDR ,Bangladesh for acute diarrheal illness, Only adults who are able to

give informed consent will be studied, The absorption and metabolism of a.

single 0,25 mg dose of digoxin in tablet form will be tested, A digoxin

preparation of rapid dissolution rate and high bicavailability (standard

B P AT AR TR R #3
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Burroughs Wellcome Lanoxin tablets) will Be given, Urine will be collected

for two consecutive 24 hour periods after the dose, and digoxin and DRP

P
A
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concentrations measured by separate radioimmunoassys (24,33) in Dr, Lindenbaum's

laboratory at Columbia University, We have previously established that a 48

=R

hour urine collection suffices as a measure of both digoxin absorption and
metabolism in normal volunteers (Lindenbaum, J: unpublished). To be certain
of the validity of this in patients with diarrhea, in selected patients who
need toﬁﬁlspita]izéd beyond 48 hours, urine collections will be extended to
include up to 6 days after the dose, The patients will be restudied approxi-
mately lo days and 2 wmonths after recovery from the acute diarrheal episode,
In general, patients who are not given antibiotics will be studied,

In selected patients, serial dilutions of stool specimens obtained during
and after recovery from acute diarrhoea will be incubated in a "pre-reduced"
anaercbic broth éontéining digoxin 10 ug/ml for 48 hr and supernatant fluid
tested for the production of DRP, as well as residual digoxin, by our radig-
IMMUNCASSAYS,

In addition, it is proposed to study one or more normal control groups
from the Bangladeshi population to establish the frequency of DRP excretion in

Bangladeshis, The only populations studied to date have been white and black

Americans, in whom the prevalence of DRP excretion (as measured in urine
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B
obtained after a test dose of digoxin) has been found to be of the ﬁ'
£
order of 33-40% (14,23). It is proposed to study 100 normal healthy g

Bangladeshi adults, possibly employees of ICDDR,Bangladesh who volun-
teer to participate. After informed consent is obtained, 0.25 mg of
digoxin will be given by mouth and urine collected for 48 hrs. If
possible, we would also like to study normal Bangladeshi population
groups in whom strict vegetarianism is a practice, if such groups‘

are available, in order to obtain 1nfonnétion about the effect of diet

on the human anaerobic gut flora.

The dose of digoxin to be used, 0.25 mg, should be free of significant
risk in the patients and normal volunteers to be studied. Occasionally
transient nausea {without vomiting} has been seen‘in normal individuals
with this nondigitalizing dose. However, no serious arrhythmias or other
notable side effects have been encountered by us in over 300 normal subjects
studied over the past 12 years, or have heen reported in the very extensive
literature on digoxin.

Only previously healthy subjects with no history of chronic illness,
renal disease, heart disease, or recent therapy with cardioactive drugs,
will be studied. Patients with severe dehydration, uncorrected electrolyte
disturbances, elevated serum creatinin, chronic renal disease or subnormal

urine output will be excluded, as will patients who are vomiting. The

patients and the control subjects will be informed by one of the investi-
gators of the research nature of the study and will not be coerced in
any manner to participate.

The performance of the study will not interfere in any way with any
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planned therapy for the patients (e.g., oral rehydration). 2 ml of

b
|
.
w;
L
33
»
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venous blood will be required for determination of serum electrolytes.

serum creatinin, plasma sp.gr. etc. Stool samples will be collected
for M/E and culture & sensitivity. An E.C.G. will be done in the study

patients to exclude any major cardiac abnormality.

Significance :

The Proposed study would shed  1ight on the biologic behavior of the
human anaerobic gut flora during and after intestinal infections as well
as provide valuable information concerning the proper use and dosage of

cardiac glycoside drugs in patients with diarrhoeal disease.

FACILITIES REQUIRED :

Patients will be admitted in the present study ward of ICDDR,B.

Laboratory facilities in the clinical pathology, biochemistry and

microbiology department will be utilized. Radioinmunoassys will be done
in Dr. Lindenbaum's laboratory at Columbia University, New York. No new

equipment or other resources will be required.
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SECTION III - BUDGET
A. Detailed Budget

Personnel :

Name Position % Effort Taka $

Dr. J. Lindenbaum Principal - No cost to ICDDR,B
Investigator

Or. A.N. Alam Co-Investigator 20% 9334

Supplies and Materials :

Lab Tests(Plasma sp.gr., electrolytes, .creatinin) 1600 -

Plastic containers for ,

collection of urine 4090 r

Urine analysis 175

Stool M/E 52 )

Stool culture 375 ;

RIA for Digoxin & DRP: To be done in Dr. Lindenbaum's laboratory. N

E.C.G. 1250 '

Lanoxin: to be provided by the courtesy of Burroughs Wellcome Co.

Equipment - Nil

Hospitalisation cost:

A,
Qutpatént care : Nil
ICDDR,B transport Nil
Transportation of material : Nil i
Rent, Communication, Utilities: Nil
Printing and Reproduction: Nil
Contractual services: Nil \
Construction : Nil
Tk.- 34,186 T
103 overhead cost $ 1710 (51 = ;;‘7%3)

GRAND TOTAL = $1880

T T M AT T gt g e

bine
S g

-

e e S b s o oo

gt



N
.

Ty

Fuipk et

SHERRCY
A

-y

ABSTRACT SUMMARY FOR ETHICAL REVIEW COMMITTEEA

20 adult patients ( age » 17 yrs) with acute diarrhoea attending

the outpatient department of ICDDR,B will be admitted into the study

ward. ﬁa
There is no potential risk involved in the study. 53
Not applicable. ﬁ?

A11 records will be kept strictly confidential. They will remain
with the Principal Investigator. If data is put on computer tapes,

study patients will be referred to by number only.

Informed consent (signed or thumb impression) from patients or
their guardians will be obtained prior to the stuay. There is no
procedure in this study which may unmask the privacy of the subject.
Interview will be taken only related to their medical and perscnal
history and is needed to assess the condition of the patients. Five
minutes will be enough for such interview.

This study will yield valuable information on the biologic behaviour' ¢
of the human anaerobic gut flora during and after acute intestinai
infections. The patient will gain by the treatment of his illness and

the society will gain if a correct information concerning the dosage

of cardiac glycoside drugs in patients with diarrhoeal disease could be
obtained.

This study will require examination of blood (2 cc only), stool, urine
once after admission. #-:E
The patients will be followed up 10 days and 2 months after recovery from
the acute diarrhoeal episode wheh only 48 hrs urine collection will

be made following a single dose of cardiac glycoside as before.
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The ICDDR.B is carrying out research to develop better methods
for improved management of diarrhoeal diseases. Appropriate management
of a digitalised patient who develop diarrhoea is one aspect of the
probiem. In such patients, digoxin toxicity may occur. Thiz study will
help us to determine the appropriate dosage of cardiac glycosides 1n
patients developing acute diarrhoea,.

We hope that you will participate in the study for the greater
wellbeing of the society. If you agree to participate in the study the
following measures will be taken :

1.  You will be given best possible care for diarrhoea.

2. You witl have to stay at least for 2 days in the hospital. Again,
you will have to come back first after 10 days and later after
2 months. You will have tc stay for 2 days each on these visits.

3. On the first day 2 cc venous blood will he taken for examination.
Besides, stool and urine examination will be done, as routine. cne
0.25 mg Lanoxin Tablet will be given and 48 hrs. urine will be
collected. On the follow-up visits 48 hrs. urine will be examined
only after ingestion of 0.25 mg of Lanoxin Tablet.

4,  You will be given appropriate drugs at the time of discharge and
follow ups.
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You will receive acpropriate treatment even if you do not participaté
in the study. You are at liberty to withdraw at any time from the
study and this in no way will hamper your treatment in the hospital.

If you are voluntarily willing to participate in the study, please
give signature/left thumb impression below :

Signature of Investigator Signature/ Thumb Impression
with date. of the patient.
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