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ABSTRACT: To estimate postmortem interval (PMI), the spontaneous conversion of the native 
third component of complement (C3) to its derived fragments in whole blood was studied by 
crossed immunoelectrophoresis. C3 cleavages in vitro at different temperatures showed that the 
incubation of whole blood at a higher temperature led to a faster conversion of beta 1C (native 
C3) to beta 1A (C3c). In cadaveric blood, we found a significant positive correlation between 
percentage of C3 cleavage and PMI. From these results, it is possible to estimate PMI from the 
ratios of C3 cleavage. 
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Various objective methods for determining postmortem interval (PMI) have been used 
over the past S0 years [1]. Almost every body fluid has been tested for the level of inorganic 
and organic constituents and for enzyme activities, such as sugar, nitrogenous compounds, 
and immunoglobulins in postmortem blood [2-4]. In practice, however, these methods are 
not commonly used except for determining vitreous potassium level for assessing PMI. The 
major reason for this is the presence of individual variations in antemortem values. There- 
fore, only substances, which are not influenced by individual antemortem values, are suit- 
able for the estimation of PMI. One possible substance that can be used to estimate PMI is 
the third component of complement (C3). It is known that C3 is spontaneously cleaved into 
several fragments in nonactivated plasma, which cannot be detected in circulation; thus the 
ratio of C3-derived fragments among individuals remains constant. 

C3 is composed of two disulfide-linked polypeptide chains, an alpha chain of molecular 
weight (MW) 120 000 and a beta chain of MW 75 000 [5]. Previously, immunoelec- 
trophoretic analysis showed only one precipitin line in fresh serum, namely beta 1C (native 
C3), and two additional major precipitin lines in aged normal serum [6], such as beta 1A 
and alpha 2D, which are considered to be C3-derived fragments. Using agarose gel immuno- 
fixation electrophoresis, Alper and Johnson demonstrated that beta IA increased with 
longer storage of serum [7]. We report here a spontaneous conversion of native C3 to its 
fragments in whole blood using crossed immunoelectrophoresis (CIE) and the relationship 
between postmortem interval (PMI) and the ratio of C3 conversion in cadaveric blood. 
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Materials and Methods 

Blood 

The ratio of C3 cleavage was measured in vitro and in cadaveric blood. Blood samples 
collected were incubated at 37, 23, and 14~ Sera from each sample were removed at vari- 
ous time intervals: every 12 h at 37~ until 72 h, every day at 23~ until five days, every two 
days at 14~ until ten days. These were immediately stored at --80~ thawed within two 
weeks, and analyzed using crossed immunoelectrophoresis (CIE). 

Cadaveric blood was obtained from autopsy cases for which the time of death had been 
determined from eyewitness accounts, including bystanders and attending physicians. In 
addition, the rectal temperature was simultaneously recorded. Blood samples were drawn 
from the hearts, stored at 0~ within 3 h, centrifuged at 3000 g for 30 min to remove sera, 
and stored at --80~ The blood sample storage at --80~ and the freeze-thaw do not have 
any significant effect on C3 cleavage. 

Antiserum to Beta 1A 

The antiserum to beta IA which precipitated beta 1C as well as beta 1A was kindly pro- 
vided by Professor N. Tamura of the Department of Immunology, Institute of Basic Medical 
Sciences, University of Tsukuba. 

Crossed Immunoelectrophoresis (CIE) 

The method described by Weeke [8] was used to examine beta 1A and beta 1C qualita- 
tively and quantitatively, and modified by using 50- by 50-ram gelbond film for agarose gels 
(LKB, USA). First, electrophoresis was carried out from right (cathode) to left (anode) at 5 
V/cm for 2 h at 15~ and then electrophoresed into antiserum charged agarose from bot- 
tom to top at 2 V/cm for 15 h at 15~ After electrophoresis, the gel was pressed, dried, and 
stained in 0.25% Coomassie brilliant blue. For quantitative analysis, tracings of two loops of 
precipitate were made from two-fold enlarged copies of the immunoelectrogram, and then 
the areas under them were measured by tablet digitizer on the HP 1000 system. 

Results 

C3 Cleavage in Vitro 

C3 cleavage was investigated by crossed immunoelectrophoresis (CIE). The appearance of 
beta 1A in aged blood incubated at 37~ is shown in Fig. 1. Fresh serum, prepared for 
electrophoresis before incubation of whole blood, showed only beta 1C [1]. With longer in- 
cubation time, beta 1C decreased, and beta 1A, which has apparent faster mobility, is in- 
creased gradually [2-7]. 

Time Courses of C3 Cleavage at Different Temperatures 

To examine the conversion of beta 1C to beta 1A, whole blood was incubated for various 
times at 37, 23, and 14~ Time lines showing the percentages of C3 cleavage at different 
temperatures are in Fig. 2. From these results, it was observed that incubation at a higher 
temperature resulted in a higher rate of C3 cleavage so that C3 cleavage at 37~ was about 
five times faster than that at 14~ 



406 JOURNAL OF FORENSIC SCIENCES 

FIG. 1-- Crossed immunoelectrophoresis of aged blood at 37~ Whole blood was incubated at 37~ 
for 0 (1), 12 (2), 24 (3), 36 (4), 48 (5), 60 (6), or 72 h (7). Sera were harvested and stored at --80~ 
Samples were subjected to crossed immunoelectrophoresis. Gels were stained with Coomassie brilliant 
blue. 
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FIG. 2--  Time line of C3 cleavage at different temperatures. Whole blood was incubated at 37~ 
(open circle), 23~ (open triangle), and 14~ (open square). Sera from each sample were collected at 
various times to be applied to crossed immunoelectrophoresis. The areas under two loops corresponding 
to beta 1C and beta 1A were measured, and the percentage of C3 cleaved was calculated by using the 
relationship: 

Percentage of C3 cleaved (%) = 100" (area under beta 1A)/(area under beta 1A and beta 1CJ 
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C3 Cleavage in Cadaverous Blood 

The percentage of C3 cleavage in cadaveric blood was determined by calculat ing the  pro- 
port ion of the  area under  beta  1A to the  total  area. All data ,  including the cause of death,  
rectal tempera ture ,  PMI  (time between death  and  storage of blood sample at  0~ and  the  
percentages of C3 cleavage are given in Table  1. Figure 3 shows a positive correlation ( r  ---- 
0.832) between PMI  and  the percentage of C3 cleavage. The 95% confidence [9] of predict-  
ing PMI  from experimental ly de termined  percentages of C3 conversion was +__8.0 h for all 
data.  The cause of dea th  did not  appear  to influence the relat ionship between PMI  and  the 
percentage of C3 cleavage. The  rectal t empera tu re  affected the ratio of C3 conversion. For 
example,  in Cases 8 and  23, the  rat io was higher  at higher  rectal t empera ture  t han  tha t  at  
lower rectal tempera ture .  

D i s c u s s i o n  

By incubat ing  whole blood, it can be demonst ra ted  tha t  the percentage of C3 cleavage 
increases with t ime, and  tha t  the cleavage is influenced by the tempera ture  of incubat ion.  
Recently, it has been shown tha t  the in t ramolecular  thioester  bond  of C3 is altered by water 
hydrolysis changing it to C3(H20) with the  loss of hemolytic activity [ 10]. This  is followed by 
two proteolytic steps: the first cleavage is f rom C3(H20) to iC3(H20) with factor I and  factor 
H [11], and the second slow cleavage is f rom iC3(H20) to C3c + C3d,g with proteases such 

TABLE 1--Age, cause of death (COD), postmortem interval (PMI), rectal temperature, 
and percentage of C3 cleavage. 

Rectal Percentage 
Age, PMI, Temperature, of C3 

Case Years COD ~ Hours ~ Cleaved 

1 66 OHD 4 31 2.4 
2 20 OHD 20 34 10.6 
3 86 OHD 4 33 5.1 
4 73 OHD 21 23 8.2 
5 50 DA 10 33 5.9 
6 47 un 14 31 6.8 
7 54 Tx-aorta 22 21.5 10.7 
8 70 pneumonia 23 28 13.3 
9 76 OHD 16 23 10.5 

10 50 un 21 23 13.0 
11 53 OHD 17 29 9.8 
12 74 pneumonia 19 31 9.7 
13 42 un 12 32 6.7 
14 39 un 27 26 15.7 
15 55 OHD 12 32 8.5 
16 14 un 4 32 3.3 
17 62 SAH 24 20.5 9.3 
18 82 DA 16 30 7.3 
19 70 OHD 19 26 10.7 
20 62 OHD 21 26 15.6 
21 63 drowning 15 30 10.1 
22 86 OHD 22 25.5 16.3 
23 65 OHD 23 24 10.8 
24 43 crush 25 16 12.3 
25 42 OHD 7 32 7.5 
26 43 SAH 21 28 9.3 

~ of death abbreviations: OHD = organic heart disease, DA = dissecting aneurysm, 
Tx ---- transection, SAH = subarachnoid hemorrhage, and un = unknown cause. 
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FIG. 3--Percentage of C3 cleavage in cadaverous blood. Measured percentages of  C3 cleavage (x) in 
cadaveric blood are plotted against their respective PM1 (hours). Regression analysis o f  the points cre- 
ates a line with the equation: 

PMI  (hours) = 1.64 + 1 .56x  

The correlation coefficient is r = 0.832. 

as plasmin [ 12,13].  Since the rates of proteolytic cleavages may be faster than that of water 
hydrolysis, the first step could determine the rate in the fragmentation of native C3 to C3- 
derived fragments. Because the water hydrolysis is a first order reaction, the cleavage rate of 
beta 1C to beta 1A depends on the concentration of beta 1C. Therefore, kinetics of C3 cleav- 
age may be described as d C / d t  = --  k t ,  where C is the concentration of native C3 at time t, 
and k is a rate constant, which is the conversion rate of C3 to its derived fragments with no 
hemolytic activity. 

In vivo, the modified C3 is probably removed from circulation. Therefore, C3-derived 
fragments are not present with the exception of patients with complement activation such as 
acute glomerular nephritis [14], systemic lupus erythematosus, and sepsis, which are not 
listed in Table 1. After circulation stops, C3 products can accumulate with an increasing 
period of time. Actually, we have shown that in cadaveric blood the percentage of C3 derived 
fragments in relation to native C3 rises with time after death. 

Of the various objective methods employed, postmortem accumulation of potassium (K +) 
in vitreous humor is a widely used gauge for assessing PMI. A number of studies on the 
relationship between PMI and vitreous humor K + established that K + accumulates with 
increasing PMI, but the accuracy is quite variable. Some investigators concluded that the 
standard error of the estimate of time of death was 4.7 h [15], while others reported that 
there was such individual variation that the confidence limits of the method exceeded + 10 h 
[ 16]. The method described here demonstrates that the 95% confidence of predicting PMI 
by experimentally measuring the percentage of C3 cleavage was 4-8.0 h. This is ascribed to 
the fact that C3-derived fragments cannot be detected in antemortem blood. It is therefore 
probable that a method for estimating PMI based on C3 cleavage is of some help in estimat- 
ing the time of death. 

In the next paper, we will show that the equation which is proposed here to represent the 
kinetics of C3 cleavage fits well with the experimental data, and that the percentage of C3 
cleavage in cadaveric blood can be calculated by using the equation. Also, the comparison 
between the percentage which is measured by CIE and the percentage which is calculated 
from the equation may lead to the estimation of PMI. 
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