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Intravenous Theophylline Poisoning and
Multiple-Dose Charcoal in an Animal Model

Large overdoses of 1V theophylline (50 to 100 mg/kg) were administered to
five canines on two separate occasions. On day one, with no charcoal ad-
ministered, theophylline levels were serially obtained between ten minutes
and 12 hours after infusion and the animals were recovered from anesthesia.
Three days later the same dose of theophylline was administered, but then
50 g activated charcoal was placed through a nasogastric tube into the duo-
denum every hour for eight doses. In all five animals tested, activated char-
coal significantly decreased the area under the serum concentration-time
curve, decreased the half-Iife of elimination, and increased the clearance of
theophylline. This effect on pharmacokinetics was not seen when the
nasogastric tube was put into the stomach instead of the small bowel be-
cause the charcoal administered did not pass beyond the pylorus. In a sepa-
rate experiment in which bile theophylline concentrations were measured, it
was demonstrated that enhanced elimination was not from interruption of
enterohepatic circulation of theophylline. This suggests that the demon-
strated physiologic mechanism is that of gastrointestinal dialysis. [Kulig
KW, Bar-Or D, Rumack BH: Intravenous theophylline poisoning and multi-
ple-dose charcoal in an animal model. Ann Emerg Med August 1987;16:842-
846.)

INTRODUCTION

Theophylline administered intravenously in therapeutic doses to human
volunteers has a shortened half-life of elimination when activated charcoal is
administered orally.!5 We attempted to discover to what extent activated
charcoal can enhance the elimination of theophylline given intravenously in
large overdose quantities to experimental animals. This particular experi-
mental setting is important because 1) possible differences could exist in the
kinetics of theophylline given in overdose instead of therapeutic quantities;
2) by giving the theophylline intravenously we could be certain that any
alteration in kinetics from charcoal was not due to the adsorption of drug
remaining in the gut, such as occurs after an ingestion; and 3) patients may
certainly be iatrogenically overdosed with IV theophylline.6

METHODS

Our study was approved by the Animal Care and Use Committee of Den-
ver General Hospital. Mongrel adult dogs weighing 14 to 25 kg were premedi-
cated with 0.25 mg/kg acepromazine maleate IM, and then anesthetized
with 23 mg/kg IV pentobarbital. Endotracheal intubation was performed and
the animals were placed on mechanical ventilators. IV catheters were placed
in the external jugular veins, and the animals were monitored continuously
for arthythmias. Pentobarbital was further administered IV as needed for
proper and humane anesthesia, and the animals were extubated and allowed
to wake up after the 12-hour level was obtained.

Each animal acted as its own control. In the first phase of the experiment
aminophylline in doses of 50, 80, or 100 mg/kg was administered over exact-
ly 20 minutes in 300 mL of normal saline. Theophylline levels then were
obtained at ten, 20, and 30 minutes, and at one, two, four, five, eight, and 12
hours after infusion. :

In the second phase of the experiment (three to four days later) all of the
above procedures were carried out in the same manner. In addition, a midline
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TABLE 1. Pharmacokinetic parameters

Clcot  Clac A Cl
No. Dose AUCc,,* AUC,ct A AUC T Vag, 4(h) T Vauc(hr) A T % (hr) (mLimin) (mL/min) (mL/min)
1 50 mg/kg  350.93 22964 | 35% 3.7 2.9 121% 31.48 55.30 175%
2 50mgkg 21906 14888 |32% 36 22 139% 5683 8362  132%
3 80 mgkg 45564 35551 |22% 48 3.0 188% 4216 5411 128%
4 80 mgkg 66351 42460 [36% 55 3.3 L40% 3448 5388  136%
5 100 mghkg 65053 34459 |47% 5.1 2.1 159% 3696  69.78  189%

*Control, no charcoal administered.

tSame animals given 50 g of activated charcoal into duodenum every hour for eight doses.

abdominal incision approximately 8
cm in length was made under sterile
conditions, and a 16-Fr nasogastric
tube was placed into the small bowel
through a 2-cm incision in the stom-
ach wall by passing the tube manually
through the pylorus. Meticulous he-
mostasis was carried out, and the
nasogastric tube was inserted approx-
imately 10 cm beyond the pylorus and
secured with a purse-string suture.
The wound was sutured and covered
with a sterile dressing.

Aminophylline was given in the
same doses to the same animals, but
in addition, 45 to 50 g of activated
charcoal (Insta-Char®, Kerr Chemical
Co, Northville, Michigan} was admin-
istered in water through the nasogas-
tric tube at the end of the infusion and
at one, two, three, four, five, six, and
seven hours after infusion (eight
doses). Serum theophylline levels were
obtained at the same intervals as in
the first part of the experiment, but
levels also were obtained prior to the
infusion in the second part of the ex-
periment to confirm that they had
fallen to zero in the interim.

In a separate experiment, the same
anesthetic and monitoring procedures
were performed, but were followed by
a midline laparotomy and cannulation
of the gall bladder in two dogs. A size
8-Fr feeding tube was placed into the
gall bladder and secured with a purse-
string ligature. The common bile duct
was ligated to ensure that all bile from
the liver entered the cannula. In this
experiment 80 mg/kg of aminophyl-
line was infused over exactly 20 min-
utes, and serum levels were obtained
at two, four, five, eight, and 12 hours
after infusion. The entire volume of
bile during this same period was col-
lected in each animal, and the bile
concentration of theophylline was
measured.
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TABLE 2. Volume of distribution and elimination constants

No. Dose Vd, .. (Lkg)
1 50 mg/kg .663
2 50 mg/kg 912
3 80 mg/kg 1.061
4 80 mg/kg .836
5 100 mg/kg .983

*Controls, no charcoal administered.

Vdact (LKkg)  Kelggn  kelac
802 187 236
919 195 318
848 144 231
785 126 209
758 136 333

tSame animals given 50 g of activated charcoal into duodenum every hour for eight

doses.

Areas under the curve (AUC} were
calculated by the trapezoid rule. Other
kinetic parameters were calculated by
the following formulae:

Kel= 1n Cp,/Cp,

At
Vd= Dose
AUC x kel /X8
T2 = 0.693 hours
kel
C1= Dose
AUC L/hr

To determine the amount of the-
ophylline excreted in bile over 12
hours the amount of theophylline re-
maining in the dogs (R,;,,) was calcu-
lated using the formula:

Rypn, = Cpyp x Vd

where Cp,, is the plasma con-
centration at 12 hours after ingestion,
and Vd is the volume of distribution
calculated for each dog individually
using the AUC. Subtracting R,
from the total dose of theophylline ad-
ministered equals the total amount of
theophylline excreted during the 12
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hours after infusion.

The dose of aminophylline admin-
istered was multiplied by 0.87 to re-
flect the fact that aminophylline is
87% theophylline (dose-equivalent).
The clearances calculated in L/hr were
multiplied by 16.6 to convert them to
units of mL/min.

Theophylline levels were done by
High Performance Liquid Chroma-
tography {Analytitox, Inc, Denver,
Colorado). The extract consisted of a
solid phase separation technique using
100 pL of sample and 40 pg/mL of 8-
chlorophylline as internal standard.
Caffeine was included in the standards
to demonstrate its lack of inter-
ference. There was no detectable level
of caffeine in any of the dogs (less
than 2 pg/mL}. The final extracts were
dissolved in 0.25 mL of methanol and
10 pL of each was injected on the lig-
uid chromatograph (Beckman HPCC,
model 334; Beckman variable wave-
length detector, model 165; Beckman
Instruments, Inc, Scientific Instru-
ments Division, Berkeley, California)

FIGURE 1A-1E. Serial theophylline
levels in five subjects with and with-
out multiple-dose charcoal admin-
istration.
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The column used was a 150 X 4.6-
mm ultrasphere ODS; run at ambient
temperature, 87.5% phosphate buffer,
pH 3.0, 17.5% acetonitrile. The flow
rate of the column was 1.5 mL/min.

RESULTS

During the initial trial of this ex-
perimental technique the nasogastric
tube was inserted orally into the
stomach in one dog. After eight hours
no charcoal stool had appeared, de-
spite the fact that a total of 450 g of
charcoal had been given. Therefore a
postmortem laparotomy was per-
formed, and it was discovered that the
entire amount of administered char-
coal had remained in the stomach. We
found that there was no effect on the
elimination of theophylline in this
case. Because it appeared that acti-
vated charcoal must move beyond the
pylorus to increase theophylline elim-
ination, all subsequent subjects had a
nasogastric tube passed directly into
the duodenum through a small
laparotomy incision. Only the data
obtained from these animals were
analyzed.

In each case there was an enhance-
ment of elimination by the activated
charcoal (Figure). The cumulative data
on means with standard deviations
could not be analyzed statistically be-
cause three different doses of ami-
nophylline {50, 80, or 100 mg/kg) were
used. Variable dosing was done be-
cause as the experiment progressed,
we learned that higher doses could be
administered without causing convul-
sions or arrhythmias, and the dogs
could be recovered from anesthesia
safely and humanely. We therefore at-
tempted to give the highest dose pos-
sible.

Pharmacokinetic parameters for
each subject are detailed (Tables 1 and
2). In every case there was a decrease
in AUC and half-life with a corre-
sponding increase in clearance. There
were slight variations in volume of
distribution and elimination constants
(Table 2), parameters one would expect
to remain constant. These variations
did not have a significant effect on the
changes seen for AUC, half-life, and
clearance.

In the separate experiment where
bile concentrations were measured in
bile collected over 12 hours from two
separate animals (subjects A and B,
Table 3), the percentage of bile elim-
ination of theophylline was only
1.89% and 2.38%, respectively, of the
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TABLE 3. Bile secretion of theophylline

Total bile volume

Bile theophylline
concentration

Theophylline excreted
in bile mg/12 hours

% excreted in bile

Subject A Subject B
134 mL 68 mL
76 wg/mL 82 wg/mL
10.18 mg 5.58 mg
1.89% 2.38%

total body elimination of theophylline
during the same 12 hours.

DISCUSSION

In vitro studies have shown that
one gram of activated charcoal will
bind almost 300 mg of theophylline,
compared to a maximum of 133 mg of
aspirin.” In vivo experiments in vol-
unteers demonstrated that only 40%
of an administered oral dose of the-
ophylline (7.7 mg/kg) was absorbed
into the blood when 30 g of activated
charcoal was administered 30 minutes
afterwards as a single dose.®

The effect of multipe-dose charcoal
{MDC)} on theophylline kinetics has
been studied more for theophylline
than for any other drug. The reasons
for this include: the kinetics of the-
ophylline are well known; it has a rel-
atively small volume of distribution
and short half-life, which makes it
ideal for these types of studies; the-
ophylline overdoses are relatively
common; IV overdoses with the-
ophylline do occur; and MDC therapy
is relatively benign when compared to
hemodialysis or hemoperfusion,
which are often recommended in
cases of theophylline poisoning.

Unfortunately, one of the earliest
symptoms of theophylline toxicity is
vomiting, which may make the ad-
ministration of charcoal very diffi-
cult.? On the other hand, patients in
coma from coingestants or from com-
plications of theophylline toxicity [ie,
convulsions, cardiac arrest) may have
greatly delayed gastric emptying. As
we have seen in this experiment, if
the charcoal does not get through the
pylorus it will not have an effect on
theophylline elimination. The delayed
gastric emptying that occurred in our
study was probably the result of
acepromazine pretreatment and pen-
tobarbital anesthesia. Because of the
strict requirements of the Surgical Re-
search Laboratory at Denver General
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Hospital that all animal experimenta
tion be performed in a proper and hu
mane manner, there was no alter
native to using these medications.

The scenarios in which MDC ther
apy has been examined in the
ophylline pharmacokinetic studies
have included: therapeutic IV theo
phylline doses in healthy volun
teers!-5 and in patients with cir
rthosis;5 IV overdoses in experimenta
animals; 1011 and in patients witl
either a deliberate?6,9.12,13 or iatro
genic56.2,14 gverdose. MDC therap
has been used successfully for the
ophylline toxicity in a pregnant pa
tient,!> a premature newborn,6 an¢
an infant.!l”

It is clear from the data obtained
from the above studies, plus our own
that MDC therapy enhances the elim
ination of theophylline from the
blood. The presumed mechanism has
been termed gastrointestinal dialy
sis,18 whereby drug secreted from the
blood into the gut lumen {actively o
passively) cannot be reabsorbed be
cause it becomes bound to charcoal

Our study demonstrated that 98%
of the theophylline elimination occur.
ring in the first 12 hours after infusion
did not involve bile elimination
Therefore, any interruption of entero
hepatic circulation of theophylline in
this model did not account for the
marked changes in kinetics seen. The
time course and doses of pentobarbital
for anesthesia could not have caused s
change in the kinetics of theophylline
by enzyme induction. This study was
not conducted in a randomized cross
over design because of the subsequent
necessity and expense of ensuring that
all of the charcoal administered in 4
Phase I trial would have cleared from
the GI tract by the time of Phase I
Because a total of 450 g of charcoal
was administered, this may have
taken weeks.

The optimum dose of charcoal and
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time interval between doses is un-
known. This may depend on other
drug(s) ingested and the patient’s clini-
cal condition. Park et al have shown
in volunteers that smaller, more fre-
quent doses of charcoal may be as ef-
fective as larger, less frequent doses.2
Because this group has also shown an
advantage in using a larger surface-
area charcoal,3 they are currently rec-
ommending 30 g of super-activated
charcoal every two to six hours until
the patient is no longer symptomatic
or until plasma drug concentrations
are well below the toxic range.1®

CONCLUSION

Our study demonstrated that multi-
ple-dose charcoal can enhance the
elimination of theophylline given as a
massive IV overdose to experimental
animals. In addition, the bile elimina-
tion of theophylline was shown to be
insignificant, providing further evi-
dence that the theory of gastroin-
testinal dialysis instead of interrup-
tion of enterohepatic circulation was
operative in this model.
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