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Abstract 
Background: The serum levels of C3, C4, and the total hemolytic activity of complement system (CH50) of patients ex-
posed to mustard gas (MG) in the battlefield were measured in this study.  
Methods: C3 and C4 were measured by single radial immunodifusion and CH50 was evaluated according to total hemolytic 
activity of the serum.  
Results:  The serum levels of C3 showed a significant increase on day 3 after exposure to MG. The serum levels of C3 in the 
sera of patients collected during 4-18 and 19-31 days after exposure to MG were also found to have increased significantly 
comparing to those of the controls. The levels of C4 in the sera of patients collected from the patients during 4-18 and 19-31 
days after exposure were also found to be significantly higher than those of the controls. However the increase in the serum 
levels of C4 were not in the same magnitude as those of the C3. The serum CH50, which is a measure of the total hemolytic 
activity of classical complement system also showed a significant increase in patients' sera on day 3 and in the sera collected 
during 4-18 days after exposure. However, the CH50 in the sera of patients showed a decrease in the sera collected during 
19-31 days after exposure to MG.  
Conclusion: Since C3 is an acute phase protein as well as a complement component, these results are discussed in terms of 
a vigorous acute phase response and activation of the complement system. 
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Introduction 
Mustard gas (MG) is one of the well-known 
chemical substances which have been used as a 
chemical warfare agent. The principal toxic com-
ponent of MG is sulfur mustard. As an alkylat-
ing agent, sulfur mustard has an affinity for nu-
cleophilic parts of other molecules, reacting with 
arginine, cysteine and lysine of proteins. It also 
reacts with nucleic acids in particular with DNA, 
altering their normal functions (1, 2). 
In recent times, exposure of soldiers and civil-
ians to MG occurred during Iraq-Iran conflict in 
1985, when hundreds of soldier and civilians 
were exposed to MG by the Iraqi army.   
The ill-effects of the MG in various organs and 
systems of the victims have previously been re-
ported (3- 5). 

The cellular and molecules elements of the im-
mune system in particular showed considerable 
changes in exposed victims (6). In an investiga-
tion on immunoglobulin levels in patients who had 
been exposed to MG in the battlefield, it was 
found that the serum levels of IgG had decreased 
significantly on day 3 after exposure. However 
serum levels of IgG showed a significant increase 
by 19-31 d after exposure to MG (7). Humoral 
immune system produces its effector molecules, 
the specific antibodies which are structurally im-
munoglobulins, with a delay of a week or longer 
after stimulation since B cells which are the es-
sential cellular elements of this system must un-
dergo differentiation to become antibody pro-
ducing plasma cells. The molecules of the com-
plement system, on the other hand, are available 
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in normal concentrations in serum and tissues to 
be activated by various stimuli. Thus, the effec-
tor molecules of this system which contributes to 
inflammation such as C3a, C4a, opsonization 
such as C3b and membrane attack complex 
C5b-C9 are produced in a shorter period of time. 
The present study was undertaken to find out, the 
short-term effects of MG on the complement sys-
tem in patients exposed to MG in the battlefield. 
The serum levels of C3 and C4 are determined and 
the total hemolytic activity of serum (CH50) is 
measured during one month after exposure to MG. 
 
Materials and Methods 
The patients were soldiers, all male and mostly 
in their 3rd decade of life which had been ex-
posed to MG in the battlefield in Iraq-Iran war 
during 1985, these victims had been transferred 
initially to a military hospital and very soon to a 
hospital in Tehran for special treatment. Aliquots 
of the venous blood samples which had been col-
lected from these patients for routine hospital 
investigations were also used for determination of 
serum complement components C3, C4 and CH50 
activity. 
The control sera were obtained from male uni-
versity students who were in the same age range 
as the patients.  
The plates of single radial immunodiffusion (SRID) 
(Behring, Germany) were used for quantitative 
determination of the serum variables. The patient's 
sera were tested along and concurrently with the 
sera from the control for measurement of C3 
and C4 in the SRID plates according to manu-
facturer protocols and recommendation. 

Total hemolytic activity of the classical comple-
ment system (CH50) was determined as stated 
earlier (8). Fresh sheep RBC and rabbit anti sheep 
antiserum where obtained from Razi Institute, 
Karaj, Iran. All buffers for this test were made 
in our own laboratory. Patients and controls sera 
which had been kept frozen at -70ºC were thawed 
and used for this test. The reciprocal of the 
dilution of sera that lysed 50% of the sensitized 
sheep RBC were determined in one milliliter of 
each serum.  
The t-Student test was employed using SPSS 
PC and Stat graphics. The P< 0.05 was consid-
ered significant. 
 
Results 
Complement components-the serum levels of C3 
in patients on day 3, during 2 wk after day 3 and 
last two weeks past exposure to MG were found 
to be substantially higher than those of the control. 
C3 showed a steady increase in patient's sera from 
days 3 onward (Table 1). Serum level of C4 in pa-
tients was also found to be higher than the se-
rum C4 level of the control, in particular during 
the two weeks after day 3 and  last  two weeks 
past exposure to MG (Table 1). 
The results of the total hemolytic activity of the 
complement system (CH50) are presented in 
Table 2. The CH50 in patient's sera collected on 
day 3 and during 4-18 d after exposure to MG 
were significantly higher than those of the con-
trols. The CH50 in patients sera collected dur-
ing 19-31 d after exposure showed a noticeable 
decrease, yet it did not decline to the same 
CH50 level as those of the controls sera. 

 
Table 1: Serum concentrations of C3 and C4 levels in patients during one month after exposed to Mustard Gas 

 

n Mean 
concentration mg/ml SD Time 

Day(s) 
  Patient Control 

Complement 
component Patient Control Patient Control 

P 
 

3 18 14 C3 
C4 

136.8 
31.9 

128.3 
30.0 

27.4 
9.0 

30.7 
11.6 

0.42 
0.61 

4-18 22 14 C3 
C4 

184.4 
42.7 

128.3 
30.0 

29.9 
9.0 

30.7 
11.6 

< 0.0001 
0.001 

19-31 22 14 C3 
C4 

188.3 
42.0 

128.3 
30.0 

40.4 
8.6 

30.7 
11.6 

< 0.0001 
0.001 
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Table 2: Total hemolytic activity of complement system (CH50) in the sera of patients during one month after exposure to 
Mustard Gas with results of their normal controls 

 
n CH50 Unit SD P Time 

Day(s) Patient Control Patient Control Patient Control  

3 15 14 137.8 105.1 24.8 32.7 0.005 

4-18 20 14 136.5 105.1 21.8 32.7 0.002 

19-31 20 14 117.2 105.1 27.6 32.7 0.25 

 
Discussion 
The short outcome of sudden exposure to a 
highly toxic compound such as MG is a trauma 
characterized by tissue injury and inflammation. 
Such a disturbance of the integrity and well- 
being of an individual leads to a series of reac-
tions including production of acute phase pro-
teins and activation of complement system. The 
purposes of these diverse responses are to re-
store homeostasis and to remove the cause of 
the disturbance (9). The acute phase responses 
are initiated by cytokines in particular by IL-1 
and IL-6 leading to activation of hepatic cells 
for synthesis of acute phase proteins and com-
plement components (9). 
Among various serum variables which were stud-
ied in patients exposed to MG, C3 in particular 
showed noticeable alterations comparing with 
those of the normal controls.  
C3 and C4 the two complement components which 
were measured in the sera of patients were found 
to be in higher levels than those of the normal 
controls (Table 1). These two components are 
produced by the liver and cells of the monocyte- 
macrophage linage in response to various stimuli 
(10) while the rise in the serum levels of C4 in 
patients was almost moderate. Serum C3 levels 
were found to have increased significantly on 
day 3 after exposure to MG and its levels showed 
significant increase in the patient's sera collected 
during 4-18 d and 19-31 d exposure. C3 is one 
of the acute phase proteins which often increase 
considerably after infection and tissue injuries. 
The significant increase in C3 in subjects ex-
posed to MG indicates clearly the vigorous re-
sponse of the hepatic tissue and the devastating 

effect of this chemical agent on organs and tis-
sues of the victims. The increase in C3 and proba-
bly other acute phase proteins in subjects ex-
posed to MG are mainly due to the extensive 
tissue injuries rather than microbial invasion since 
others who investigated the status of the hos-
pitalized patients exposed to MG did not find 
infection at this acute phase of the trauma to be 
a special problem of these victims (11). 
The highest CH50 levels in the patient's sera 
were found on day 3 after exposure. Thereafter, 
CH50 levels showed a gradual decrease in the 
patients sera collected during 4-18 d and 19-31 
d after exposure to MG (Table 2). Whereas the 
levels of C3 which is also an acute phase pro-
teins remained significantly in high levels dur-
ing the whole period of one month which this 
component was measured in patients sera and 
did not show any indication of a decrease even 
in the sera collected during 19-31 d after expo-
sure to MG, CH50 levels showed a decrease in 
particular during 19-31 d after exposure. These 
results clearly indicate the significance of C3 as 
an acute phase proteins in this trauma.  
In conclusion, the available data presented in this 
article indicate that following exposure to MG, 
rapid penetration and absorption of this chemi-
cal agent occur in various organs, resulting to 
tissue injuries, necrosis and release of inflam-
matory and vasoactive molecules. Moreover, the 
high production of acute phase proteins in par-
ticular the 3rd component of the complement 
system by the liver and macrophages in due to 
the rapid reaction of the innate immune system 
to maintain necessary support and protection of 
the victims in this trauma. The antibodies and other 
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elements of the adoptive immunity which are pro-
duced with a delay of several days would fur-
ther assist the protection of these patients.  
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