
TECHNICAL NOTE 

James J. Kuhlman, Jr., 1 M.S.; Robert W. Mayes, 2 Ph. D.; 
Barry Levine, 3 Ph. D.; Robert Jones4; Glenn N. Wagner, 5 D. O.; 
and Michael L. Smith, 6 Ph. D. 

Chloroquine Distribution in Postmortem Cases 

REFERENCE: Kuhlman, J. J., Jr., Mayes, R. W., Levine, B., Jones, R., Wagner, G. N., 
and Smith, M. L., "Chloroquine Distribution in Postmortem Cases," Journal of Forensic 
Sciences, JFSCA, Vol. 36, No. 5, Sept. 1991, pp. 1572-1579. 

ABSTRACT: Chloroquine concentrations in blood and tissues were examined in overdose 
and non-overdose cases to determine appropriate ranges for interpretation. Twenty-nine 
literature overdose cases and 8 non-overdose literature cases were compared with this lab- 
oratory's findings. The results indicate significant postmortem redistribution of chloroquine. 
Combining this laboratory's results and the literature results indicates that using a liver 
concentration of 150 mg/kg as a cutoff between overdose and non-overdose concentrations 
properly identified 30 of the 34 published cases containing liver chloroquine and 19 of the 
20 presented cases. 
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Chloroquine  is the most widely prescribed antimalarial drug in the world today. It is 
also used in the t reatment  of rheumatoid  arthritis [1]. The therapeutic range of  chloro- 
quine in plasma is approximately 10 -8 to 10 7 M (0.003 to 0.03 mg/L) for antimalarial  
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activity and approximately 10-6 M (0.3 mg/L) for treating rheumatoid arthritis. Its mech- 
anism of action is believed to be related to its ability to accumulate in acidic subcellular 
compartments, such as food vacuoles, of the malarial parasite and to eliminate it by 
interrupting its intake of nutrients. Other mechanisms, such as inhibition of phospholipid 
metabolism, may also be involved in its antimalarial activity [2]. 

Chloroquine may be administered orally or parenterally. Following a single 300-mg 
intravenous dose, peak plasma chloroquine concentrations ranged from 0.478 to 1.2 mg/ 
L. Much lower peak concentrations were found after oral administration (0.055 to 0.102 
mg/L). The drug was detectable in plasma for at least 23 days after use [3]. Chloroquine 
is extensively metabolized in man, forming desmethylated, N-oxide and carboxylic acid 
metabolites. Monodesmethylchloroquine possesses activity similar to that of the parent 
drug against Plasmodium falciparum [4]. Urinary recovery of chloroquine is about 42 to 
47% for the unchanged drug and 7 to 12% for monodesmethylchloroquine [5]. Dose- 
dependent pharmacokinetics were reported by one group [6], but this was not substan- 
tiated when more specific chromatographic assays were used. 

Because of its widespread use and availability, it is not surprising that chloroquine has 
been involved in a large number of fatal overdoses [7-18]. Chloroquine concentrations 
in blood, urine, and tissues from selected cases are given in Table 1. In addition, tissue 
distribution data from eight cases in which the cause of death was not chloroquine 
intoxication are given in Table 2 [7]. 

This laboratory performs toxicological analyses on all military aircraft fatalities and 
mishaps to determine whether any toxicant could have influenced the accident. The 
information in Tables 1 and 2 is of particular significance in these investigations as 
chloroquine is one of the most frequently encountered drugs. However,  the li terature 
data on blood and tissue concentrations of chloroquine in non-overdose cases are still 
too limited to assist in interpretation of our results. The following is a collection of data 
obtained over the past several years on the distribution of chloroquine in non-drug- 
related fatalities. 

Experimental Procedure 

Specimens were sent to the Division of Forensic Toxicology at the Armed Forces 
Institute of Pathology (AFIP) by military pathologists worldwide. The decedents were 
on active duty in the military at the time of death. Due to the traumatic manners of their 
deaths and the fact that the autopsies were performed at remote locations, the integrity 
of the specimens could not be assured. Analyses were performed on the specimens as 
received regardless of their condition. 

Two millilitres of biological fluid or 2 g of homogenized tissue were alkalinized with 
2 mL of 0.1N potassium hydroxide after the addition of an internal standard (SKF-525A). 
The samples were then extracted with 15 mL of chlorobutane and, after shaking and 
centrifugation, the organic layer was removed and extracted with 3 mL of 0.2N sulfuric 
acid. The acid layer was removed, alkalinized with 2N potassium hydroxide, and extracted 
with 5 mL of chlorobutane. The chlorobutane layer was evaporated to dryness, and the 
residue was reconstituted with 100 ~L of methanol and chromatographed [19]. 

A Hewlett-Packard 5880 gas chromatograph with a nitrogen phosphorus detector was 
used for chloroquine analysis. The helium carrier gas flow was 1 mL/min, using a J & W 
DB-5 15 m by 0.25-mm by 0.2-~tm capillary column. The injector temperature was 260~ 
and the detector temperature was 300~ The oven temperature began at 110~ was 
held for 1 rain, increased at 20~ to 200~ was held for 1 rain, increased at 10~ 
rain to 280~ and was held for 10 min. A Hewlett-Packard 5890 gas chromatograph with 
a 5970 mass selective detector was used for chloroquine confirmation. The same gas 
chromatograph parameters just listed were used. 
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Results and Discussion 

Data are presented in Table 3 from 28 cases in which toxicological analysis identified 
chloroquine in postmortem specimens. In all cases, the causes of death were clearly 
established at autopsy. Twenty-three of the 28 were aircraft fatalities; the deaths resulted 
from multiple injuries in airplane or helicopter crashes. The causes of death in the 
remaining 5 cases were multiple injuries from a mortar explosion, motor vehicle accident, 
boating accident, gunshot wound to the head, and choking. In each case, the presence 
of chloroquine was interpreted as an incidental finding unrelated to the cause of death. 

Although chloroquine was not involved in the deaths of these individuals, large blood 
concentrations of the drug were often found when their blood was assayed. Concentrations 
greater than 3 mg/L were found in 9 of the 16 cases in which the blood was quantitated. 
This is approximately one order of magnitude greater than the expected therapeutic 
concentrations. The mean blood concentration of the 16 cases was 5.2 mg/L (range, 0.3 
to 14 mg/L). No information in the literature was found on chloroquine concentrations 
in postmortem blood specimens where death occurred from causes other than chloroquine 
overdose. In the overdose cases presented in Table 1, the average blood chloroquine 
concentration was 24 mg/L (range, 3 to 66 mg/L), which is substantially higher than the 
average blood concentration found in the presented AFIP  cases. 

In an attempt to provide greater information for interpretation of these concentrations, 
the tissue distributions of chloroquine in the AFIP  cases were compared with previously 
published data in both overdose and therapeutic cases (Tables 1 and 2). Most of the 
literature chloroquine analyses were performed by spectrophotometry, and the AFIP 
chloroquine analyses were performed by gas chromatography. Chloroquine metabolites 
were not measured in the AFIP  cases. While it is recognized that the less specific spec- 
trophotometric method might result in higher concentrations, the interpretive value of 
the comparison is still valid. For example, liver concentrations of chloroquine in the 
AFIP  cases ranged from 0.6 to 203 mg/kg, with an average concentration of 74 mg/kg. 
In previously published cases, the average liver concentration was 355 mg/kg (range, 2.3 
to 1110 mg/kg) in overdoses and 25 mg/kg (range, 2.9 to 57 mg/kg) in therapeutic cases. 
If previously published therapeutic cases were combined with the current cases, an average 
of 59 mg/kg would be obtained. The ratio of overdose to therapeutic cases is about 6, 
which is a similar ratio to what was found in blood concentrations (4.5). Furthermore, 
if 200 mg/kg were used as a cutoff for identifying overdose cases, 19 of 20 AFIP cases 
and 27 out of 34 cases published in the literature would be correctly identified. Likewise, 
if a 150-mg/kg cutoff were used, 19 of the 20 AFIP  cases and 30 of 34 published cases 
would be properly identified. 

A different statistical pattern is observed if brain concentrations are studied. The 
average brain chloroquine concentration is 2.9 mg/kg (range, 0.5 to 7.3 mg/kg) in pre- 
viously published non-overdose cases and 18 mg/kg (range, 1 to 90 mg/kg) in previously 
published overdose cases. In the AFIP  cases, the average brain concentration was 16 
mg/kg (7.3 to 66 mg/kg), which is much closer to that of overdose cases than to non- 
overdose cases. 

One question that arises from these data is whether the postmortem blood concentra- 
tions of chloroquine are an accurate indication of drug concentrations at death. Drugs 
such as tricyclic antidepressants have been shown to produce higher postmortem blood 
concentrations than are seen antemortem [20]. This postmortem increase in tricyclic 
antidepressants may be due to release of the drug from the liver [21]. Chloroquine also 
appears in high concentrations in the liver, and postmortem release could be possible. 
One way to approach this problem is to compare blood concentrations obtained in non- 
fatal cases sent to this laboratory with concentrations obtained in fatal cases. Thirty-one 
non-fatal cases were positive for chloroquine in urine specimens. The blood was negative 
for chloroquine in 14 cases (limit of quantitation, 0.05 rag/L). The remaining 17 cases 
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TABLE 3--Chloroquine distribution in non-overdose AFIP cases. 

Case Blood, Liver, Lung, Kidney, Spleen, Brain, 
No. mg/L mg/kg mg/kg mg/kg mg/kg mg/kg 

1 - 203 13 21 - 66 
2 - 61 11 10 8.5 7.3 
3 - 128 61 - 40 8.8 
4 - 143 29 16 14 7.5 
5 11 131 31 27 - - 
6 6.4 101 66 19 - - 
7 - 2.7 0.9 1.3 - - 
8 14 87 - - - 10 
9 8.4 76 . . . .  

10 3.9 . . . . .  
11 1.3 . . . . .  
12 - 1.0 . . . .  
13 - 8.1 . . . .  
14 2.1 . . . . .  
15 6.3 . . . . .  
16 2.9 . . . . .  
17 1.7 . . . . .  
18 0.9 . . . . .  
19 0.4 . . . . .  
20 - 53 . . . .  
21 - 83 . . . .  
22 9.4 99 . . . .  
23 - 28 . . . .  
24 - 0.6 - - 0.7 - 
25 9.5 102 8.8 9.4 2.0 38 
26 0.3 120 2.4 9.9 9.7 12 
27 - 26 28 1.1 14 12 
28 - 30 52 44 - 36 
Average 5.2 74 28 15 13 16 
Standard 4.4 56 23 13 13 12 

deviation 

h a d  an  ave rage  c h l o r o q u i n e  c o n c e n t r a t i o n  o f  0.16 m g / L  ( r ange ,  0.05 to 0.51 mg /L) .  Th i s  

is well  wi th in  the  r e p o r t e d  t h e r a p e u t i c  r ange  and  is a p p r o x i m a t e l y  30 t imes  less t h a n  

b l o o d  c o n c e n t r a t i o n s  m e a s u r e d  in n o n - o v e r d o s e  fatali t ies.  Th i s  vas t  d i f fe rence  b e t w e e n  

" a n t e m o r t e m  t h e r a p e u t i c "  and  " p o s t m o r t e m  t h e r a p e u t i c "  s t rong ly  sugges t s  s o m e  sor t  o f  

p o s t m o r t e m  red i s t r i bu t ion  o f  ch lo roqu ine .  T h e s e  da ta  are  s u p p o r t e d  by  the  f ind ings  of  

R o u z i o u x  et  al. [22], w h o  f o u n d  a fac to r  of  10 inc rease  in p o s t m o r t e m  b l o o d  c h l o r o q u i n e  

c o n c e n t r a t i o n s  in c o m p a r i s o n  wi th  a n t e m o r t e m  d rug  conc en t r a t i ons .  

T h e  b l o o d  and  liver c o n c e n t r a t i o n s  o b s e r v e d  in the  A F I P  cases  and  p rev ious ly  p u b l i s h e d  

c h l o r o q u i n e  cases  are s u m m a r i z e d  in Tab le  4. T h e  table  d e m o n s t r a t e s  tha t  t h e r e  is no  

ove r l ap  b e t w e e n  a n t e m o r t e m  n o n - o v e r d o s e  b l o o d  and  p o s t m o r t e m  o v e r d o s e  b l o o d  spec-  

TABLE 4- -B lood  and liver chloroquine concentrations. 

Blood Concentration, 
Mean (Range), mg/L 

Liver Concentration, 
Mean (Range), mg/kg 

Antemortem therapeutic 

Postmortem therapeutic 

Postmortem overdose 

0.16 (0.05-0.51) . . . 

5.2 (0.3-14) 59 (0.6-203) 

24 (3-66) 355 (2.3-1110) 
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imens, but that there is overlap between postmortem non-overdose and postmortem 
overdose cases. 

On the basis of the above discussion, the following conclusions can be made: 

1. Postmortem blood concentrations of chloroquine may be elevated relative to an- 
temortem concentrations, and this elevation does not necessarily mean that a drug over- 
dose or intoxication has occurred. 

2. Liver tissue might be a more suitable specimen for interpretation of postmortem 
chloroquine concentrations. A liver concentration greater than 150 mg/kg would most 
likely indicate a drug overdose. 

3. Brain tissue is not a suitable specimen for interpretation, as there is significant 
overlap between overdose and non-overdose cases in brain concentrations. 

References 

[1] Ellenhorn, M. J. and Barceloux, D. G., Medical Toxicology, Elsevier Science Publishing, New 
York, 1988, pp. 341-347. 

[2] Titus, E. O., "Recent Developments in the Understanding of the Pharmacokinetics and Mech- 
anism of Action of Chloroquine," Therapeutic Drug Monitoring, Vol. 11, No. 4, Oct. 1989, 
pp. 369-379. 

[3] Gustafsson, L. L., Walker, O., Alvan, G., Beermann, B., Estevez, F., Gleisner, L., Lindstrom, 
B., and Sjogvist, F., "Disposition of Chloroquine in Man After Single Intravenous and Oral 
Doses," British Journal of Clinical Pharmacology, Vol. 15, 1983, pp. 471-479. 

[4] Ette, E., Essien, E., Thomas, W. O., and Brown-Awala, E. A., "Pharmacokinetics of Chlor- 
oquine and Some of Its Metabolites in Healthy Volunteers: A Single-Dose Study," Journal of 
Clinical Pharmacology, Vol. 29, 1989, pp. 457-462. 

[5] Brown, N. D., Pooh, B. T., and Phillips, L. R., "Identification and Determination of Carboxylic 
Acid Metabolites of Chloroquine in Human Urine by High-Performance Liquid Chromatog- 
raphy," Journal of Chromatography: Biomedical Applications, Vol. 487, 1989, pp. 189-196. 

[6] Frisk-Hoimberg, M., B~rgkvist, Y., Domeij-Nyberg, B., Hellstrom, L., and Jansson, F., 
"Chloroquine Serum Concentration and Its Side Effects: Evidence for Dose-Dependent Ki- 
netics," Clinical Pharmacology and Therapeutics, Vol. 25, No. 3, March 1979, pp. 345-350. 

[7] Prouty, R. W. and Kuroda, B. S., "Spectrophotometric Determination and Distribution of 
Chloroquine in Human Tissues," Journal of Laboratory and Clinical Medicine, Vol. 52, No. 
9, Sept. 1958, pp. 477-480. 

[8] Conn, H. M. and Verhulst, H. L., "Fatal Acute Chloroquine Poisoning in Children," Pediatrics, 
Vol. 27, No. 1, Jan. 1961, pp. 95-102. 

[9] Kiel, F. W., "Chloroquine Suicide," Journal of the American Medical Association, Vol. 190, 
26 Oct. 1964, pp. 398-400. 

[10] Bonnichesen, R. and Maehly, A. C., "Two Fatal Poisonings by Chloroquine and by Hydrox- 
ychloroquine," Journal of the Forensic Science Society, Vol. 5, 1965, pp. 201-202. 

[11] Ifftsits-Simon, C., "Fatal, Suicidal Chloroquine Poisonings," Archiv fiir Toxikologie, Vol. 23, 
1968, pp. 204-208. 

[12] Robinson, A. E., Coffer, A. L., and Camps, F. E., "The Distribution of Chloroquine in Man 
After Fatal Poisoning," Journal of Pharmacy and Pharmacology, Vol. 22, 1970, pp. 700-703. 

[13] Wilkey, I. S., "Chloroquine Suicide," Medical Journal of Australia, Vol. 1, 24 Feb. 1973, pp. 
396-397. 

[14] McCann, W. P., Permisohn, R., and Palmisano, P. A., "Fatal Chloroquine Poisoning in a 
Child: Experience with Peritoneal Dialysis," Pediatrics, Vol. 56, 1975, pp. 536-538. 

[15] Noirfalise, A., "Chloroquine Intoxication: Two Case Reports," Forensic Science, Vol. 11, 
1978, pp. 177-179. 

[16] Sarvesvaran, R., "Chloroquine Poisoning: Two Fatal Cases," Medicine, Science and Law, Vol. 
19, No. 4, 1979, pp. 265-267. 

[17] Weingarten, H. L. and Cherry, E. J., "A Chloroquine Fatality," Clinical Toxicology, Vol. 18, 
No. 8, 1981, pp. 959-963. 

[18] Kintz, P., Ritter-Lohner, S., Lamont, J. M., Tracqui, A., Mangin, P., Lugnier, A. A. J., and 
Chaumont, A. J., "Fatal Chloroquine Self-Poisoning," Human Toxicology, Vol. 7, 1988, pp. 
541-543. 

[19] Watts, V. W. and Simonick, T., "Screening of Basic Drugs in Biological Samples Using Dual- 
Column Capillary Chromatography and Nitrogen-Phosphorous Detectors," Journal of Ana- 
lytical Toxicology, Vol. 10, Sept./Oct. 1986, pp. 198-204. 



KUHLMAN ET AL. �9 CHLOROQUINE POSTMORTEM DISTRIBUTION 1579 

[20] Apple, F. S. and Bandt, C. M., "Liver and Blood Tricyclic Antidepressant Concentrations," 
American Journal of  Clinical Pathology, Vol. 89, No. 6, June 1988, pp. 794-796. 

[21] Costantino, A., "The Distribution of Amitriptyline and Other Tricyclic Antidepressant Drugs 
in the Postmortem Interval: In vitro Cellular Factors, In Vivo Rabbit Model, and Human 
Medical Examiner Cases," dissertation, University of  Maryland, Baltimore, MD, 1990. 

[22] Rouzioux, J. M., Badinand, A., and Roche, L., "Etude de la Valeur M6dicol6gale des Taux 
Toxiques Obtenus par Pr616vement Post-Mortem," Soci~t~ de M~decine L~gale, 1973, p. 33- 
36. 

Address requests for reprints or additional information to 
LTC Michael L. Smith, Ph.D. 
Division of Forensic Toxicology 
Armed Forces Institute of Pathology 
Washington, DC 20306-6000 


