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Determination of free digexin in sera of 8 patients

with chronic cardiac insufficiency
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AIM: To establish a method for the determi-
nation of free digoxin in serum for clinical use
and to study the relationship between the free
and total digoxin concentrations in chrome
cardiac insufficiency patients receiving digoxin
with different renal function. METHODS.
The ultrafiltration with fluorescence polariza-
tion immunoassay was used to determine the
RESULTS:
The concentrations of digoxin standards in
serum were 0. 96, 1.92, and 3. 84 nmol-1L" ",
The relative standard deviation was <7 %, for
tntra-day and <(§ »p for inter-day determina-

concentration of free digoxin.

tions. The average recovery was 99.985 +

2.18 L.

chronic cardiac insufficiency patients with re-

The ratio of free/total digoxin in

nal dysfunction was lower than that in pa-
tients with normal kidneys (63.54-4.7 % wvs
75.1=23.9 %, P<C0.01}). CONCLUSION:
The present methaod is simple and reliable, In
these patients there is an over-measurement
for total digoxin concentration. suggesting the
presence of elevated endogenous digoxin-like

immunoreactive subatances.
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Measurement of serum digoxin concentra-

Abbrevtations; DLIS = digoxin-like immunoreactive sub-
stances: FPIA = fluorescence polarizanon immunoassays MP
= magmtude of palarization: RSD = relative standard devia-
tions
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tions is recommended as a routine in patients
undergoing digoxin therapy because its thera-
peutic range is narrow and the pharmacologic
effect and toxicity well correlate to its concen-
.21

trations in serum A highly significant.

nonlinear relatnonship was found hetween
serum digoxin concentration and clinical effect
after digoxin dosing”’**.  But the free drug is
an important determinant of pharmacodynamic
activity because only the free (unbound} drug
is transported to its site of action where it
binds to receptors to effect a response™.
The purpose of this study was to establish a
method for the determination of free digoxin
in serum for clinical use and to study the rela-
tionship between the free .and total digoxin
concentrations in chronic cardiac insufficiency
patients receiving digoxn with different renal

function,

MATERIALS AND METHODS

TDX analyser. Digox-
tn 11 assay kit. digoxin calibrators and controls t Ab-
botr Laboratories, USA); digoxin tNational Institute
for the Control of Pharmaceutical and Biclogical Prod-

Instruments and reagents

ucts+ Beijing « China?.
Serum digoxin standards
it 50 ¢y ethanol to 300 ug~1.7"

Digoxin was dissolved
Serum dtgoxin stan-
dards were prepared by adding appropriate amounts aof
digoxin stock solution *o the mixed serum (pretreated
with acetonitrile) from normal subjects to artain 3 con-
centrations; 0. 96. 1. Y2. and 3. 84 nmol+L 1,
Ultrafiltration We modified the method of Das-
gupta ef @f ¥, Serum digoxin standards 350 ul were
pipetted into the sample reservoir af a filter { Uliea-
free-MC. PLTK-mermbrane,, molecular exclusion limit

30 kDa, Millipure, TUSA L. It was spun at 25+3 (
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Tab 1.
these patients were ~_ 667 nmol-s '-L™"

Cight inpatients with chronic cardiac insufficiency.

The values of serum alapine aminotransferase for

Bl urnee

Man Age Hody Creatinuie At ragen Albunun (;'lohu]_m . Renal
‘a wt kg ‘pmol-L. mmol el ! el gL function
1 69 87 722 5.2 13,4 A3 Meornsal
2 a1l hi oL 5.1 13,8 214 ~armal
3 64 53 107, L S0t 3.0 5.6 Normal
1 55 a5 au. 4 0 1L R ty. 5 Normal
3 Ty 7L 151.0 B 7 49,8 17. 8 Abnormal
& 7 78 134. 0 4.5 15,0 24,04 Abnormal
7 n Fa 114.0 11.2 7.5 2606 Aboormal -
# 72 o7 140,32 5.2 1.3 27.4 Abnormazl

Tab 2. Precision of intra-day and inter-day for free digoxin by ultrafiliration with FPIA. m=>5 repetitions, 'x:.s.

Dhgoxin Digoxin measured /amal-1. 7! RSDo-

acdded /nmol «L ° Intre-day Inter-dav Intra-day Inter-day
1. 96 . OB+ 1L 0f e A PR A1l 4. 12
1. 62 1.43+0.12 Lo#70.11 .13 .88
3.84 3,770, 1 3 8= 13 2.85 .78

using 4 457 fixed angle-rotor TDX centrifuge (6000 ~ ¢
for L5 min). An aliguot (20 pul) of che ultrafiltrate
was dilured with 200 pl of dilutiun agent prepared by
our laboratory, and then analvzed by Huorescence
polarizaticon immunoassay (FPLA ).

FP1A Digoxin determinations were done in the
Abbort TDX analyvzer wuh FPIA resgents purchased
from Abbote.
formed accordimg to the manufacturer® drrectinnes.

The FPIA Digoxin 1 assay was per-

Serum-based calibrators and conrrols  were  used
throughout.

Analysis of serum digoxin The rtotal and free
digoxins in serum were determined in 8§ hospitalized
coronary disease patienrs with congestive heart failure
tNew York Heart Association classification. class 1T
(Tab 1).
cregtimne greater than 130 pmol - I.7' and a2 blood
They re
ceived prolonged digoxin treatment at daily Jdoses ol
62.5— 105 pg pu.

before the next dosing {serum walley concentraiiont ay

Renal dysfunction was defined as a4 serum
urea Nitrogen greater than 7.5 mmol+L ",
Blood semples were collected just

& steady ~tate.  The rotal digoxin was determimed by

FPIA. aod free digoxin was determined by ultrafilira
tion with FPIA. The duretion of centeifugal altrabl-

tration far serum was 60 mun.
Results were expressed gs T« and compared by ¢

test.

RESULTS .

Methodology The concentrations of
digoxin calibrators were 0. 0.64. 1. 28. 2. 56,
3.84. and 6. 40 nmol -L7".

between digoxin concentration (C) and magni-

The relationship

tude of polarization {AMP) was< found to be AP
=165.37T—14. 11 'y #=—0.9966. The low-
est measurable level was 236 pmol+L 7%

For each concentration tested . the relative
standard deviations (RSD) for intra-dav and
inter-day (5 repetitions each) were <27 %, and
The RSID for intra-dav

and inter-day were the smallest for the digoxin

=6 U, respectively.

stundards containing the highes~t concentration
{3.84 nmol-L7'. RSD 2.85 " and 0.7% ",
respectively) (Tab 2.,

The analvtical recovery (9 repetitions ) for
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ultrafiltrates of serum digoxin standards
showed that the higher concentration gave the

less recovery {Tab 3).

Tab 3. Recovery for free digoxin by ultrafiltration
with FPIA. a=19 repetitions.
Digoxin added Digoxin measured Recovery
/mmol-L7? /mmol<L~? g
96 0. 98 102. 43
1. 92 1.9¢ 99, 07
3. 84 3.78 98. 35

Serum digoxin in chromic cardiac insuffi-
ciency patients Mean ratios of free to total
digoxin in patients without or with renal dys-
function were 75.1 + 3.9 % and 63.5 &+

4.7 % . respectively (P<70.017 (Tab 1),

Tab 4. Total digoxin and free digoxin in serum of pa-
tients with chromic cardiac insufficiency receiving

digoxin. ‘P < 0.01 vs the group with normal renal
functieon.

Renal ’.l"ota_l F Tee FreetTotal
Ne function digoxin digoxin

° /nmol-L~"' /mmel-L~" /U7 T-ts

1 MNormal 0. 72 0.58 BO. 6
2 MNormal 2. 64 1. B9 71. 6
3 MNormal 0. 87 0. 64 73. 6 75.1+3.9
4 Normal 1.18 0. 88 74.6
5 Abnormal 0,68 0. 46 67. 6
6 Abnormal 1.28 0. 86 87.2 . .
7 Abnormal  0.30 0.55 gl o>OEET
8 Abnormal 1.57 0. 91 58.0

In 2 patient of digoxin intoxication with
normal renal function, the fraction of free
{4.16 nmol -L™’7 to total (5.77 nmol -L™")
digoxin was 72. 1 % . although his total digox-
In concentration in serum attained a high level.

DISCUSSION

A method for measuring free digoxin in

serum ought to be precisely accurate, easily
performed in clinical laboratories. and to have
a guick turnover time'™. Qur results showed
that the measurements of free digoxin by
FPIA 1n ultrafiltrate conformed to these ad-
vantages. The entire procedure for the mea-
surement can be completed within 1.5 h.  Ac-
cordingly. results would be available to the
physicians within a clinically allowable time
during therapeutic drug monitoring of digoxin.

The average protein binding of serum
digoxin at room temperature in 4 cardiac insuf-
ficiency patients with normal renal function
was 24.9+ 3.9 %.
consistent with the previously reported values
of 27.3 9% at 25 'C' by ultrafiltration with
FPIA. and of 23 %" and 25 %™ at 37 C by
equilibrium dialysis with FPIA.

The results were well

The ratio of {ree to total digoxin in car-
diac insufficiency patients with renal dysfunc-
tion was significantly lower than that in pa-
tients with normal kidneys. Similar binding
of digoxin to serum albumin was expected in
the 2 groups because the concentrations of al-
bumin in both groups are not statistically dif-
ferent™. The lower ratio of free/total digox-
in in patients with renal dysfunction indicated
an over-estimation {or total digoxin concentra-
tions, suggesting the presence of increased
concentrations of endogenous digoxin-like im-
munoreactive substances (DLIS.

Elevated of DLIS have

been reported in a number of pathophysi-

concentrations

ological conditions including hepatic diseases

Y8 In fact. we found

and renal insufficiency
that the concentration .of apparent digoxin in
serum was 0. 546 nmol+1.7"in a patient of kid-
ney failure with uremia although he did not
take any digoxin or receive any other cardiac
These DLIS cross-react-

ed with digoxin antibodies when determina-

glycosides therapy.

tions of serum digoxin were performed with
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immunoassay. resulting in falsely high mea-
surements of serum digoxin“". But nt was
difficult to evaluate the extent of interference
from DLIS in
digoxin-'".

In a digoxin wntoxication patient with nor-
mal kidneys the tatio of free to total digoxin
was 72.1 %, higher than that from patients

with renal insufficiency. suggesting the bind-

these patients receiving

ing of protein for digoxin in serum does not
depend on what level has attained in serum
digoxin concentration,

In conclusion . the present method for de-
termination of free digoxin by ultrafiltration
with FPIA is reliable and useful.
sary to analyze the free digoxin. the pharma-

It is neces-

cologically active fraction. in chronic cardiac
insufficiency patients receiving digoxin with

51"

renal dysfunction.
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