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Efficacy of Activated Charcoal and 
Magnesium Citrate in the Treatment of 
Oral Paraquat Intoxication 

The binding capacity of activated charcoal for paraquat was evaluated in 
vitro and in vivo and compared with Fuller's earth. In vitro activated char- 
coal absorbs paraquat and is as effective as Fuller's earth. Activated char- 
coal's absorbing capacity for paraquat is increased when it is suspended in 
magnesium citrate and is maximal at pH 7.8. Paraquat (200 mg/kg) admin- 
istered orally to male mice, followed 30 minutes later by activated charcoal, 
Fuller's earth (4 gm/kg), and magnesium citrate (0.01 cc/gm) resulted in a 
survival rate of 31% in the controls, 63% in the activated charcoal and Full- 
er's earth groups, and 69% in the magnesium citrate group (P values not 
significant). When activated charcoal was administered concomitantly with 
magnesium citrate, the survival rate was improved significantly to 94% (P < 
0.01). The efficacy and greater availability of activated charcoal and magne- 
sium citrate make  these materials the treatment of choice for gastroin- 
testinal decontamination in oral paraquat poisoning. [Gaudreauh P,q~ried- 
man PH, Lovejoy FH: Efficacy of activated charcoal and magnesium citrate 
in the treatment of oral paraquat. Ann Emerg Med February 1985;14:123- 
i25.] 

INTRODUCTION 
Paraquat 1,1'-dimethyl-4,4'-bipyridylium, is a potent contact herbicide that 

is potentially lethal when accidentally or intentionally ingested. Paraquat 
toxicity is primarily pulmonary, resulting acutely in hemorrhage or subse- 
quently in fibrosis over the weeks following exposure3, 2 Prevention of para- 
quat absorption from the gastrointestinal tract is critical because measures 
to significantly increase its elimination from the body are limited.3 Delay in 
beginning gastrointestinal decontamination in animals has resulted in in- 
creased mortality; 4 therefore, early and aggressive gastrointestinal decon- 
tamination is a critical step in the treatment of paraquat poisoning.S Fuller's 
earth and bentonite, clay materials used as adsorbents, fillers, or filtering 
media, have bound paraquat effectively and prevented its absorption.4, s How- 
ever, their widespread use is limited due to lack of availability in most hospi- 
tals. Activated charcoal, an adsorbent readily available and frequently used in 
the treatment of drug overdose, was considered, until recently, ineffective in 
adsorbing paraquat 6 

We undertook this study to evaluate the adsorptive capacity of activated 
charcoal for paraquat in vitro and to compare its efficacy with Fuller's earth 
and magnesium citrate in improving survival rates in animals. 

METHODS 
We evaluated the adsorptive capacities of activated charcoal and Fuller's 

earth for paraquat in vitro. Labeled 14C paraquat (3 rag) was mixed for ten 
minutes with 30 mg (10:]i and 60 mg (20:1) of activated charcoal, Fuller's 
earth suspended in water, or magnesium citrate. After centrifugation, an ali- 
quot sample of the supematant was obtained, and radioactivity was counted 
on a Beckman LS-250 liquid scintillation spectrometer. The adsorptive capac- 
ity of activated charcoal in a Krebs-Ringer phosphate buffer at pH 1.8, 7.8, 
and 12 was also determined. 

We then evaluated the efficacy of the two adsorbents in vivo. Paraquat (200 
mg/kg) was administered orally to caesarean-delivered male mice (weighing 
20 to 30 gm), followed in 30 minutes by either a) water, b) magnesium cit- 
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EFFICACY OF ACTIVATED CHARCOAL 
Gaudreauit 

TABLE 1. Adsorption of 14C paraquat in vitro by activated charcoal and Fuller's earth 

Groups Activated Charcoal Fuller's Earth 

Water Magnesium Citrate Water Magnesium Citrate 

Radioactivity Radioactivity Radioactivity Radioactivity 

Free Bound Free Bound Free Bound Free Bound 

CPM* % CPM % CPM % CPM % 

Paraquat 15,395 _+ 144 0 16,878 + 32 0 16,119 + 1.0 0 16,992 +_ 13 0 

Adsorbent:Paraquat 
(10:1) 9,746 _+ 122 37 7,995 _+ 48 53 12,200 + 105 24 13,519 _+ 17 20 

Adsorbent:Paraquat 
(20:1) 6,818 +_ 57 56 2,316 +_ 13 86 8,903 + 57 45 10,100 _+ 64 41 

*Counts per minute (mean - standard deviation). 

rate, c) 4 gm/kg of activated charcoal 
suspended in water, d) the same 
amount  of activated charcoal sus- 
pended in magnesium citrate, or e) 
Fuller's earth suspended in water. The 
amount of water, magnesium citrate, 
or the slurry containing activated 
charcoal or Fuller's earth administered 
to each animal was 0.01 cc/gm of body 
weight. Each group was composed of 
16 animals. The animals were ob- 
served for 21 days to determine their 
survival rate. Statistical analysis was 
performed using the chi-square meth- 
od. 

RESULTS 
When the in vitro reaction was con- 

ducted in water with an adsorbent to 
paraquat ratio of 20:1, binding of la- 
beled t4C paraquat by activated char- 
coal (56%) was similar to the binding 
by Fuller's earth (45%} (Table 1). Fur- 
thermore, we noted that the amount 
of labeled paraquat adsorbed by acti- 
vated charcoal at 10:1 and 20:1 ratios 
increased sharply when the reaction 
was conducted in magnesium citrate 
(Table 1). 

The effect of varying pH on the ad- 
sorbing capacity of activated charcoal 
was then evaluated. The binding ca- 
pacity was maximal at pH 7.8 with 
80% of the labeled paraquat bound to 
activated charcoal with a 10:1 ratio of 
adsorbent to paraquat and 93% with a 
20:1 ratio. At pH 1.8, the adsorbing ca- 
pacity was sightly lower, with 66% 
bound with a 10:1 ratio and 80% with 
a 20:1 ratio. At pH 12, 56% of labeled 
paraquat was bound at a 10:1 ratio and 
53% at a 20:1 ratio. 

The administration of Fuller's earth, 
activated charcoal, or magnesium ci- 
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TABLE 2. Effect of treatment on mouse survival rate following oral paraquat 

Total No. Survivors 
Groups No. (%) P Value 

Paraquat 16 5 (31) - -  

Magnesium citrate 16 11 (69) NS* 

Fuller's earth and 
water 16 10 (63) NS 

Activated charcoal and 
water 16 10 (63) NS 

Activated charcoal and 
magnesium citrate 16 15 (94) P <0.01 

*Not significant. 

trate to animals 30 minutes after para- 
quat improved survival rates when 
compared to controls (Table 2). Fur- 
thermore, when activated charcoal 
and magnesium citrate were admin- 
istered concomitantly, we observed a 
significant increase in the survival 
rate, 15 out of 16 animals (94%) com- 
pared to five out of 16 (38%) in the 
control group (P < 0.01) (Table 2). 

D I S C U S S I O N  
Activated charcoal adsorbs paraquat 

in vitro and is as effective as Fuller's 
earth. The adsorbing capacity of acti- 
vated charcoal is increased when the 
charcoal is suspended in such solu- 
tions as Krebs-Kinger phosphate buffer 
or magnesium citrate. These solutions 
may favor the passage of paraquat 
from the aqueous phase to the acti- 
vated charcoal. The binding capacity 
of activated charcoal was maximal at 
pH 7.8 and only slightly lower at pH 
1.8. These data suggest that the frac- 
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tion of paraquat in the intestine (pH~--- 
7.0) will be adsorbed readily by acti- 
vated charcoal and that the fraction in . 
the stomach (pHi--- 1.0) will also be 
well adsorbed. The survival rate of 
mice poisoned with paraquat was dou- 
bled when they were given activated 
charcoal or Fuller's earth. 

The cathartic, magnesium citrate, is 
frequently administered in drug over- 
dose to increase gastrointestinal tran- 
sit and decrease absorption of ingested 
toxins. The efficacy of this therapy 
has never been fully evaluated. The 
survival rate in mice given magne- 
sium citrate (68%} was similar to the 
survival rate in animals given acti- 
vated charcoal or Fuller's earth (63%). 
Furthermore, the concurrent admin- 
istration of magnesium citrate and ac- 
tivated charcoal s ignif icantly im- 
proved survival rates (94%) (P < 0.01). 
This improvement  possibly results 
from the increased adsorption of acti- 
vated charcoal when suspended in 
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magnesium citrate, as noted in the in 
vitro setting, and possibly from the ca- 
thartic effect of magnesium citrate in 
vivo. This is the first demonstra t ion of 
the suspension of act ivated charcoal 
in a cathartic such as magnesium cit- 
rate increasing the adsorptive capacity 
of act ivated charcoal  and improving 
its efficacy in the in vivo setting. 

In summary,  act ivated charcoal  ef- 
fectively adsorbs paraquat, prevents its 
absorption, and is as effective as Full- 
er's earth. The suspension of activated 
charcoal  in  m a g n e s i u m  c i t r a t e  in- 
creases paraqua t  adsorp t ion  and re- 

su l t s  in  i m p r o v e d  s u r v i v a l  ra tes .  
Therefore, following oral paraquat in- 
toxication,  we r ecommend  tha t  acti- 
va ted  charcoa l  m i x e d  w i th  magne-  
s i u m  c i t r a t e  be a d m i n i s t e r e d  as 
quickly as possible. 

REFERENCES 
1. Smith P, Heath D: Paraquat. CRC Crit 
Rev ToxicoI 1976;4:411-445. 

2. Haley, TJ: Review of the toxicology of 
paraquat (1,1-dimethyl-4, 4-bipyridinium 
chloride). Clin Toxicol 1979;14:1-46. 

3. Maseie-Taylor BH, Thompson J, Davi- 
son AM: Haemoperfusion ineffective for 

paraquat removal in ]ife-threatening poi- 
soning. Lancet 1983;1:1376-1377. 
4. Clark DG: Inhibition of the absorption 
of paraquat from the gastrointestinal tract 
by adsorbents. Br J Ind Med 1971;28:186- 
188. 
5. Smith LL, Wright A, Wyatt I, et al: Ef- 
fective treatment for paraquat poisoning 
in rats and its relevance to treatment of 
paraquat poisoning in man. Br M e d  1 
1974~4:569-571. 
6. Okonek S, Setyadharma H, Borchert A, 
et al: Activated charcoal is as effective as 
Fuller's earth or bentonite in paraquat 
poisoning. Klin Wochenschr 1982;60:207- 
210. 

14:2 February 1985 Annals of Emergency Medicine 125/67 


