
Open Journal of Preventive Medicine, 2014, 4, 561-572 
Published Online July 2014 in SciRes. http://www.scirp.org/journal/ojpm 
http://dx.doi.org/10.4236/ojpm.2014.47066  

How to cite this paper: Brondz, I. (2014) Review: Can Toxic Substances Initiate Psychotic Behavior? Part I. Antimalarial 
Drugs. Open Journal of Preventive Medicine, 4, 561-572. http://dx.doi.org/10.4236/ojpm.2014.47066  

 
 

Review: Can Toxic Substances Initiate  
Psychotic Behavior? Part I. Antimalarial 
Drugs 
Ilia Brondz 
Norwegian Drug Control and Drug Discovery Institute (NDCDDI) AS, Ski, Norway 
Email: ilia.brondz@gmail.com 
 
Received 27 May 2014; revised 29 June 2014; accepted 19 July 2014 

 
Copyright © 2014 by author and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
During and after every military conflict or war, there appears to be rapports about military crimes 
which were done by military and civil personal of conflicting sides. The basis of these offences is dif-
ferent; however the common to these is psychological and psychical background. The psychological 
background is an indoctrination of troopers that all what they are doing is right, well for country, 
nation or defends religion, or ideology. The life and property of enemy (opponent) are less worth 
than their oven. But most important in this indoctrination is the direct or indirect insurances about 
the absence of responsibility and promises about free for punishment for these actions. These as-
pects are well known and well-studied. The psychical background is less studied and more diverse; 
however in all cases the components of stress are present. The stress can be physical, psychical or 
toxic. The physical and psychical stress of engaged in military conflict personal is well studied, its ac-
tion both during the war and as postwar syndrome have sufficient explanations. The action of intox-
ication especially by contaminants in medical forms, or toxins to induce the criminal behavior of 
military personal is nearly unstudied. The exceptions are alcohol, psychogenic substances as nar-
cotics, LSD and special doping agents. This paper presented the evidences of additional toxic stress 
by contaminates in medical forms and intoxication by toxins of military personal engaged in differ-
ent conflicts during last decades. The hypothesis about the influences of the additional toxic stress 
by medication with low quality pharmaceutical forms and some toxins on inducing the crimes gen-
erally and war crimes by military personal is launched in the paper. In this part the investigation 
will be concentrated on antimalarial drugs, especially on contaminated primaquine. Primaquine has 
a special position in preventing malaria infection in areas of conflict on the territories of endemic 
malaria. The possibility of induction of psychotic cases which lead to uncontrolled by person its-self 
actions and which are of criminal nature will be discussed, together with juridical responsibilities 
for these actions. 
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Toxic Stress Induced by Contaminated Medical Forms 

 
 

1. Introduction 
1.1. The Specific Type of Crimes Committed by Military Personal 
During every war the engaged sides are committing war crimes. The war crimes of losers are often more ex- 
posed to public knowledge. The first international tribunal in Nuremberg exposed to public most notorious 
military crimes and crimes against humanity committed by Nazis. In the last decades, permanent International 
tribunal was established in Haag to take care on the military crimes and crimes against humanity. There are 
many national tribunals taking care on military crimes mostly committed by anime’ troops. Some crimes 
committed by allay and national troops also were exposed to public knowledge. In this paper the interest was 
to study the cases committed by soldiers against their comrades by shooting them. There are impossibilities to 
receive the documents about the interrogation of the accused and detailed documentation from military courts. 
Often the person committing the crime shoots himself or is killed in the action. However, sometime it was 
known in press, that the accused persons could not give a tangible account or reason for their actions. Often 
the shootings were initiated by reasons which in normal situation (even a war situation) should not lead to this 
kind of reactions. It looks like the other reasons than the normally taken in account were present. Because of 
secrecy it is difficult to give correct picture based on documentation of interrogations and military court 
judgments or the evidences which were taken in account. However, under no circumstances it was mentioned 
that toxic medication or contact with toxins could initiate psychotic mood by accused, which could be a rea- 
son for tragic results. In this paper this aspect is discussed and the hypothesis about the toxic initiated psy- 
chosis as a trigger to tragic results is launched. The possibility of initiate psychotic mood by accused with 
non-proper quality of medical forms of drugs and or contact with toxins should be studied more carefully, and 
possibly this aspect must be taken in account by society, military and courts in similar cases in the future and 
also retrospective. 

1.2. The Geography of Endemic Malaria Coinciding with Military Actions 
In beginning of 20th century endemic malaria was present nearly in all humid tropics in Africa, Southern Ameri- 
ca and Asia. Distribution of malaria is shown on Figure 1. 

Military activities in several of endemic malaria regions as Korea, Vietnam, Iraq and Afghanistan will be 
discussed. Neither the time for incidents, not precise locations or names of accused or victims will be given, be- 
cause of privacy security and the author self-restriction to intervene in integrity of military courts decisions. 
However, most of cases are similar to shootings at Fort Hood, USA happened 03.04.14. In the press was only 
mentioned that Iraq veteran kills three people at Texas military base Fort Hood, 16 injured as gunman, who was 
receiving psychiatric help, went on shooting spree before killing himself. The suspect, a soldier who had served 
in Iraq, he “had behavioral health and mental health” issues. There was no known motive for the shooting, the 
general Milley said. 

The most of these cases are known from American and Grate British troops, however it is no ground to be- 
lieve that similar incidents were absent among the troops of other nationalities. The most correct explanation to 
this is that the American and Grate British society is an open to the press, and press in these countries is active 
and free in more extends than in the others. 

1.3. The Necessity for Military to Protect Troopers and Domestic Civil Population against 
Malaria Infection 

It is well-known fact that during World War I (1914-1918) Allies imposed the blockade on the import of quinine 
and bark from Cinchona officinalis L., and C. pubescens Vahl, to Germany and German troops in Africa suffered 
immense problems with malaria [1]. In all geographic regions with endemic malaria the troopers are exposed to 
be infected with malaria as it was in Korea war, Vietnam war, in both wars in Iraq and war in Afghanistan. 
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Figure 1. Blue zone is chloroquine sensitive malaria, red zone is chloroquine resistant malaria, and black 
zone is multi-resistant malaria. 

1.3.1. History of Problem 
Malaria is vector born infection blood diseases. It is strong dependent from the presence of suitable vector and 
infected host. The detailed geographic distribution of malaria and types of malaria vector (carriers) described in 
[1]-[3]. 

Before discovery of synthetic antimalarial drugs quinine was a single remedy against malaria diseases. About 
1630, Jesuits, working in South America (Peru) received the knowledge that the bark from cinchona trees was 
used by the native people as drug against malaria. A variety of alkaloids, including cinchonine, cinchonidine, 
quinine, quinidine, dihydroquininidine, and dihydroquinine were discovered later in the bark of these trees. 

Jesuit Cardinal John de Lugo (1583 - 1660) [1] received the honor for introduction of the bark of cinchona in 
Europe. The alkaloids present in the bark of cinchona shown in Figure 2. 

These alkaloids were a long time an only medication against malaria. As it was presented above malaria 
strong depends on presence of three factors: malaria parasite, suitable vector and host organism in biosphere. 
The first factor is a parasite. There are several types of parasites cause malaria in humans: Plasmodium vivax, P. 
ovale, P. malariae and P. falciparum. There are many subtypes and local variants for every type of this parasite. 
The second factor is a vector. The main vector for these parasites is Anopheline mosquitoes [1] [3]. When hu-
mans were bitten by Anopheline mosquitoes infected with malaria parasite they became ill with malaria, but in 
the same time they became a part of malarial biosphere as a carrier of a pool of parasites in their blood [1]. The 
third factor is the presence of humans as natives, tourists, migrant workers or foreign military personal in mala-
ria endemic arias, the humans who are carrier of a pool of parasites in their blood. 

Humans infected in one endemic aria by malaria can by traveling to the other aria which was before free from 
malaria or free from particular type or subtype of parasite introduce or reintroduce in this aria a new type or 
sub-type of parasite [1] [2] and expose the entire population of this aria for malarial infection. Especially signi-
ficance of this dangerous situation present when large contingents of troopers return home from infected by ma-
laria endemic aria. The sanitation from malaria of return home contingent of troopers is a priority for health au-
thorities. 

Prevention of introduction of malaria parasite strains from Korea was first used on large scale when US troops 
returned home from Korea war by ships. More than 330,000 men and women each received a single 15 mg daily 
dose of primaquine during the 14-day Pacific Ocean crossing [4]. 

1.3.2. Synthetic Antimalarial Drugs 
As it was mentioned in paragraph 1.3. of this paper the needs for substituents of quinine and bark from cinchona 
trees was grate and acute in Germany already during the World War I. Robert B. Woodward and William von 
Doering reported a successful synthesis of quinotoxine and conversion of quinotoxine into quinine in time  
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Figure 2. The alkaloids present in the bark of cinchona. 

 
of World War II; however, it was a very poorly documented procedure, never successfully realized. A method 
for preparation of chloroquine an antimalarial drug by the condensation of 4,7-dichloroquinoline with 1-diethyl- 
amino-4-aminopentane was patented in Germany, patent 683, 692 in 1939. The structure of chloroquine is de-
picted in Figure 3. 

Chloroquine is quite toxic drug. The need for synthetic substances with antimalarial properties persisted also 
after discovery of chloroquine. In 1946 Elderfield et al., [5] reported successful synthesis of long list of sub- 
stances with antimalarial activity; the primaquine was chosen as the more suitable and active substance in this 
series of aminoquinoline analogs. Elderfield et al., also reported the substance later known in USSR as Quino- 
cide. Quinocide is more toxic than primaquine. Table 1 shows the analogs of aminoquinoline synthesized and 
tested by Elderfield et al. 

Despite of the fact that nearly 70 years got from the first successful use of primaquine this drug do not lost its 
importance in the struggle against malaria [1]. However, the drug is quite toxic and its therapeutic dose is not 
fare from toxic and for some of people the therapeutic dose is a toxic dose [1]. Tolerance to primaquine of some 
people is quite low. 

1.3.3. Tolerance to Primaquine 
Tolerance to primaquine in Caucasians to the usual therapeutic doses of primaquine is quite good. However, the 
tolerance to primaquine in Negroes is essentially lover [1] [6]. The incidence and degree of anemia and intra- 
vascular hemolysis are greater in Negroes at a daily dose level of 20 mg (base) and higher [6]. In some Cauca- 
sian ethnic groups, including Sardinians, Sephardic Jews, Greeks and Iranians, in whom the tolerance to prima- 
quine is even, lower than in the Negro so that the hemolytic reaction from a given dose of drug may be more 
severe [6]. The main disadvantage of primaquine and all 8-aminoquinolines is that the drugs cause methemoglo-  
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Figure 3. The structure of chloroquine. 

 
Table 1. The list of substances with antimalarial activity reported in [5] by Elderfield et al., in 1946. 

Numbering of the atoms in rings of aminoquinoline R8 substituents Other R substituents 

N R8
R7

R6

R5R4

R3

R2

 

  

Substance number or name in rapport ofElderfield et. al.   

1 NH(CH2)2N(C2H5)2 R6 = OCH3 

2 NH(CH2)3N(C2H5)2 R6 = OCH3 

3 NH(CH2)3NHCH(CH3)2 R6 = OCH3 

4 NHCH(CH3)(CH2)3N(C2H5)2 R5 = R6 = OCH3 

5 NHCH(CH3)(CH2)3NHCH(CH3)2 R5 = R6 = OCH3 

6 NHCH(CH3)(CH2)3N(C2H5)2 R5 =  Cl; R6 = OCH3 

7 NH(CH2)3N(C2H5)2 R5 =  Cl; R6 = OCH3 

8 NH(CH2)3N(C2H5)2 R5 = R6 = OCH3 

9 NH(CH2)3N(C2H5)2 R2 = C6H5 

10 NH(CH2)3N(C2H5)2 R2 = C6H5; R6 = OCH3 

11 NH(CH2)2NHC2H5 R6 = OCH3 

12 NH(CH2)5N(C2H5)2 R6 = OCH3 

13 NH(CH2)3O(CH2)3N(C2H5)2 R6 = OCH3 

14 NH(CH2)3N(C2H5)2 R6 = OH 

15 NH(CH2)3N(C2H5)2 R5 = OC6H5; R6 

16 NH(CH2)6NHCH(CH3)2 R6 = OCH3 

17 NH(CH2)6NHCH2CH2CH3 R6 = OCH3 

18Primaquine NHCH(CH3)(CH2)3NH2 R6 = OCH3 

19 NHCH(CH3)(CH2)3NHC2H5 R6 = OCH3 

20 NHCH(CH3)(CH2)3NHCH(CH3)2 R6 = OCH3 

21 NH(CH2)6NHCH3 R6 = OCH3 

22 NH(CH2)3CH(C2H5)NHC2H5 R6 = OCH3 

23 NHCH(CH3)(CH2)2CH(CH3)N(C2H5)2 R6 = OCH3 

24 NH(CH2)3CH(NH2)(n-C4H9) R6 = OCH3 
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Continued 

25 NH(CH2)3N(C2H5)2 R5 = p-OCH3C6H4; R6 = OCH3 

26 NHCH(CH3)(CH2)3NHCH2CH2CH3 R6 = OCH3 

27 NH(CH2)7N(C2H5)2 R6 = OCH3 

28 NH(CH2)2N(C2H5)2 R2 = CH3 

29 NH(CH2)6N(C2H5)2 R2 = CH3 

30 NH(CH2)2N(C2H5)2 R4 = CH3 

31 NH(CH2)6N(C2H5)2 R4 = CH3 

32 NH(CH2)6N(C2H5)2 R5 = CH3;R6 = OCH3 

33 NH(CH2)2N(C2H5)2 R6 = Cl 

34 NH(CH2)6N(C2H5)2 R6 = Cl 

35 NH(CH2)6NHCH(CH3)2 R5 = R6 = OCH3 

36 NH(CH2)6N(C2H5)2 R6 = CH3 

37 NH(CH2)2N(C2H5)2 R6 = CH3 

38 NHCH(CH3)(CH2)3NHCH2CH(CH3)2 R6 = OCH3 

39 NHCH(CH3)(CH2)3NHC(CH3)3 R6 = OCH3 

40 NH(CH2)2N(C2H5)2 R2 = R6 = CH3 

41 NH(CH2)2N(C2H5)2 R7 = CH3 

42 NH(CH2)2N(C2H5)2 R7 = CH3 

43 NH(CH2)2N(C2H5)2 R5 = OCH3 

44 NH(CH2)6N(C2H5)2 R2 = R4 = CH3 

45 NH(CH2)6N(C2H5)2 R5 = CH3 

46 NH(CH2)6N(C2H5)2 R5 = OCH3 

47 NH(CH2)6N(C2H5)2 R2 = R6 = CH3 

48 NHCH2CHOH(CH2)2NHC2H5 R6 = OCH3 

49 NH(CH2)6N(C2H5)2 R4 = Cl 

 
binemia, however the other toxic effects of primaquine and 8-aminoquinolines should not been overseen [1]. It 
should be mentioned that pure primaquine as pro analyses grade never was biologically tested out, the substance 
always was contaminated with quinocide [1] [7]-[22]. 

1.3.4. Toxicity and Neurotoxicity of Primaquine and 8-aminoquinolines 
Primaquine and all 8-aminoquinolines strong differ from natural antimalarial present in bark of cinchona trees. 
Quinine has a number of abilities; it kills mono- and multi-cellular organisms like bacteria, fungi, protozoa, in- 
sects, parasites, germs, reduces fever, reduces spasms, calms nerves, relieves pain, stimulates digestion and re- 
gulates the heartbeat [1]. Quinine is moderate toxic for humans’. The structure of primaquine is shown on Fig-
ure 4. 

Some of batches of primaquine are heavily contaminated with quinocide [1], [7]-[22]. Quinocide is more tox- 
ic than primaquine [1] the structure of quinocide is shown on Figure 5. 

Contamination of primaquine with 6% of quinocide elevates the toxicity of this mixture twice in comparison 
to primaquine with 0.5% quinocide [7]-[8].Primaquine is inducing methemoglobinemia [23]-[26], effects on the 
red blood cell membrane [27]. Some of polyamines are involved in the development of hepatic encephalopathy  
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Figure 4. Structure of primaquine. 

 

 
Figure 5. Structure of quinocide. 

 
and cerebral edema [28]. The neurotoxicity of the 8-aminoquinolines [29] [30] is characteristic for these substances. 
In most of described neuropsychiatric disturbances after malaria prophylaxis were notified with use of mefloquine, 
plasmocid, clioquinol, plasmochine and rhodoquine [31]-[58]. However, already in 1951 appears that primaquine 
can exhibit the similar effects in animal models [53]. Later in 1981 Lee et. al., in the Bulletin of World Health Or- 
ganization [59] supported the observations: “In the present study, the subacute toxicity of primaquine was studied 
in beagle dogs, rhesus monkeys, and albino rats. ... Certain derivatives of the 8-aminoquinolines have been shown 
to affect some blood constituents and haemopoiesis, to induce functional changes in the central nervous system, 
and to cause other organ lesions”, and “gliosis of the cerebral cortex in some monkeys”. 

Despite very broad use of primaquine in curative medicine, more than several hundred million cases per year, 
the description of neurotoxicity of this drug is very poor presented in literature. The description of neurotoxicity 
of quinocide is not presented at all; however it is known that combination of different 8-aminoquinolines poten- 
tiate toxic effects. In experiments described in [7] and [8] were clear shown that elevation of contamination of 
primaquine from 0.5% to 6.0% doubles the toxicity. In this model the disruption of electron transport chain was 
studied. Peripheral and central nerve systems are very sensitive to the biochemistry of the disruption of electron 
transport chain. 

1.3.5. The Situation to Date 
It is unbelievable that the drug used in about of seventy year was presented on the market to these extends con- 
taminated [1] [7] [8] Figure 6. 

In Figure 7 shown the document published in [60] which give evidence that batches of primaquine contami- 
nated with more than 8% were used in productions of medical forms. 

The samples even more contaminated were often found. In these circumstances the intoxication could happen. 

1.3.6. The Hypothesis and Consequences 
It is obvious that all 8-aminoquinolines have numerous toxic effects and one of these is neurotoxicity, the mix-  
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Figure 6. The analytical separation of individual substances in industrial sample of primaquine: peaks between the 14.0 and 
18.0 min are the enantiomers of primaquine, the peak between 19.0 and 22.0 min is quinocide. 
 

 
Figure 7. The peak at 15.2 min is 6.1411 % quinocide in the industrial sample of primaquine. 
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ture of several 8-aminoquinolines is more toxic than pure substance. The neuropsychiatric adverse effects of 
mefloquine is best studied among the 8-aminoquinolines, however the absence of data do not suggests that 
primaquine or mixture of primaquine with quinocide are harmless. All evidences gathered up to date are sug-
gest that primaquine contaminated with quinocide is a potential neurotoxic drug and can lead to psychotic 
conditions. The art of these is difficult to predict and the physical and psychical stress can aggravate the situ-
ation. 

1.4. Conclusion  
The primaquine is frequently used drug with significant and multiple toxic side effects. Study of its neurotoxic 
side effect is urgently needed as well as production of non-contaminated by quinocide material. In malarial en-
demic zones, the use of the pure primaquine as described in [22] by military can be preferable as well as use of 
the pure primaquine as described in [22] for the population in these zones general. Toxic substances as antima-
larial drugs primaquine and others can initiate psychotic behavior in humans.  

The military personnel should receive more attention in short and long time terms especially than they were 
exposed to potent toxic substances with neurotoxic effects. 
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