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ABSTRACT: The postmortem stability of the main phospholipids of lung surfactant-phos- 
phatidyl choline (PC), phosphatydal ethanolamine (PE), phosphatydal inositol (PI), phos- 
phatydal serine (PS) and sphyngomyelin (S) in three different deaths; one caused by fresh- 
water drowning, one by salt-water drowning, and one from a sodium-pentobarbital overdose 
has been studied. The drug overdose was considered the control because there was no 
surfactant involvement. The results show the stability of these kinds of lipids in the first 24 
h, with a progressive decrease from 48 h on until 96 h, with a significant correlation to the 
time of P < 0.01 in most cases. 
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In daily forensic practice there are some causes of de a th - - t hose  due to asphyxial 
syndromes, pulmonary edema, intoxications, for example, where a systematic and de- 
tailed study of the lungs must be performed. 

It has been clearly stated that the diagnosis of death by drowning may be one of the 
most difficult challenges in forensic pathology because findings are often minimal, am- 
biguous, or even completely negative [I]. Fortunately,  there is a large number of analytical 
procedures that can be performed [2] when autopsy findings are not clear enough. How- 
ever, there are still some special cases- -pr imar i ly  those of criminal o r ig in- -where  lab- 
oratory results can not help to establish the exact cause of death: was it truly drowning? 
Was it drowning in fresh or salt water? 

Pulmonary surfactant is a highly surface-active material with a very complex compo- 
sition that maintains alveolar stability at low lung volumes. Surfactant consists mainly of 
phospholipids (PLs), but also contains specific proteins and carbohydrates. From these 
lipids, phosphatydal choline (PC) accounts for about 52% of the total phospholipids in 
pulmonary tissue, and phosphatydal ethanolamine (PE) 20% [3]. 

In a previous paper [4], we have demonstrated the usefulness of some surfactant 
phospholipids as markers available, not only to distinguish between drowning and post- 
mortem immersion, but also between fresh- and salt-water drownings. 

Their variations have also been studied in experimental cases of asphyxia [5], and the 
reported results are quite similar to ours. 
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Although there are some publications that deal with postmortem degradation of lipids 
[6-10], there is no exact reference to the postmortem stability of phospholipids in pul- 
monary tissue, which should be known before determining their application in the forensic 
field. 

Materials and Methods 

We used 75 Wistar albino female rats (body weight, 300 +- 30 g), and divided them 
into three groups. 

1. Control Series (Group I): 25 animals killed using an overdose of sodium pentobarbital 
(150 mg/kg, i.p.). 

2. Fresh-water series (Group II): 25 animals killed by drowning in fresh (tap) water, 
according to a technique previously described [11]. 

3. Salt-water series (Group III): 25 animals killed by drowning in salt water [11], which 
had been artificially prepared [12]. 

Once dead, five animals from each group were immediately autopsied, and the lungs 
and trachea removed. The other 60 cadavers were kept in supine position at ambient 
weather conditions (averages: temperature: 24.1 - 0.5 OC; humidity: 50.2 - 1.3%; 
atmospheric pressure: 712.2 +- 1.8 mmHg), and 5 from each group were autopsied in 
the following 4 days: 24, 48, 72, and 96 h after death. 

The main phospholipids in pulmonary tissue, PC, PE, phosphatydal inositol (PI), 
phosphatydal serine (PS), and sphyngomyelin (S), were extracted with chloro- 
form:methanol (2:1 ratio) from 0.6 g lung-tissue pieces [13]; the final extracts were 
concentrated under nitrogen stream, divided into aliquots and frozen at -40~ until 
used. 

Surfactant phospholipids were separated into their component species with chroma- 
tographic procedures in high-performance thin layer chromatography (HPTLC) silica- 
gel 60 plates, from E. Merck, with chlorophorm:methanol:petroleum ether: acetic acid:boric 
acid (40:20:30:10"1.8, v:v:v:v:w), according to a method widely used [14]. The solvent 
system was freshly prepared and the chromatograms were developed to within 1 cm of 
the top of the plate in tanks lined with solvent saturated filters. Lipids were made visible 
by brief exposure to iodine vapor, and identified by using appropriate standards (Sigma, 
St. Louis, MO). Their phosphorus contents were then quantified directly in the gel using 
a reaction based [15] on the acid digestion of the gel with 70% perchloric acid. Amidol 
and ammonium molybdate were then added, and the resulting blue color was quantified 
at 830 nm by spectrophotometry. 

To develop the calculations, phosphorus was assumed to be %5 of the total weight of 
any phospholipid [16]. The results for all the five different phospholipids are expressed 
as a percentage of the lipid in the total phospholipid composition of a given sample. 

To test their postmortem stability, statistical analysis was carried out using a linear 
regression studies and ANOVA-1 tests. 

Results and Discussion 

Results are expressed in the following three tables, each one corresponding to a dif- 
ferent cause of death. 

The expressed results confirm our previous studies [4] about the usefulness of some 
surfactant phospholipids to establish the diagnosis of drowning, as could be observed by 
comparing the different profiles of the three series at time "0." These differences are 
also observed in phospholipids obtained from rats autopsied 24, 48, 72, and 96 h after 
death. 

Regarding the postmortem degradation of the different lipids, we have observed that 
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TABLE 1--Surfactant phospholipids composition (%) in Series 1 (Control). 

Phospholipid Time postmortem (h) 
% 0 24 48 72 96 

PE 23.8 • 2.0 23.6 • 1.8 19.2 • 1.1 12.6 • 0.8 8.8 • 0.5 
PS 5.6 - 0.4 5.5 -+ 0.4 5.3 • 0.4 3.5 -+ 0.4 3.1 • 0.3 
PI 4.6 • 0.4 4.3 • 0.4 3.8 • 0.4 3.3 • 0.3 1.9 ~ 0.2 
PC 54.3 -4- 2.9 51.6 _+ 2.1 44.5 _ 3.8 33.5 -+ 2.9 24.6 --- 1.9 
S 5.5 • 1.1 5.8 -4- 0.5 6.2 • 0.4 4.4 • 0.4 4.6 - 0.7 
TOTAL 93.8 91.8 79.0 57,3 43.0 

TABLE 2--Surfactant phospholipids composition (%) in Series H (Fresh Water Drowning). 

Phospholipid Time postmortem (h) 
% 0 24 48 72 96 

PE 21.8 • 1.8 21.7 ___ 1.6 15.2 - 0.8 15.1 • 0.8 11.0 • 0.7 
PS 4.9 -+ 0.2 4.9 _+ 0.5 3.4 • 0.3 3.2 • 0.5 2.7 - 0.4 
PI 3.9 • 0.5 3.5 --- 0.4 2.4 - 0.3 1.3 • 0.3 N.D. 
PC 44.1 -+ 3.3 45.3 - 3.4 37.6 • 2.3 29.9 • 1.6 20.6 --- 2.5 
S 6.9 • 0.6 6.4 • 0.5 5.5 -+ 0.5 4.8 m 0.3 4.2 --- 0.4 
TOTAL 81.6 81.8 64.1 54.3 38.5 

TABLE 3--Su~factant phospholipids composition (%) in Series III (Salt Water Drowning). 

Phospholipid Time postmortem (h) 
% 0 24 48 72 96 

PE 24.0 --- 1.6 24.3 • 2.2 17.0 • 0.9 12.5 ~ 0.7 10.6 • 0.8 
PS 4.7 • 0.7 4.5 ___ 0.4 4.4 _ 0.3 3.0 • 0.6 2.1 -+ 0.4 
PI 3.5 • 0.4 3.6 - 0.3 3.0 • 0.2 1.4 • 0.3 N.D. 
PC 58.5 - 2.2 59.9 _+ 3.1 51.6 • 2.1 44.8 • 2.0 31.9 --- 2.2 
S 6.3 • 0.4 6.2 ___ 0.4 5.5 -+ 0.4 4.9 • 0.8 4.5 • 0.6 
TOTAL 97.0 98.5 81.5 66.6 49.1 

t he re  is a clear stabil i ty in the  first 24 h for  all the  phosphol ip ids  in all the  t h r ee  groups  
s tudied.  Lit t le var ia t ions  be t w een  0 and  24 h have  no  statistical s ignif icance and  c a n n o t  
be  a t t ached  to biologic processes.  B e t w e e n  24 and  48 h s tar t  the  processes  of  deg rada t ion ,  
d iminish ing  the  levels ( % )  of the  d i f ferent  lipids. Similar  resul ts  were  fo rmer ly  pub l i shed  
by Ol ive i ra  de Sa [6] work ing  wi th  guinea-pig  bra in  phosphol ip ids ,  and  by  o the r s  work ing  
wi th  phosphol ip ids  ex t rac ted  f rom b lood  in cases of fatal  s t rangula t ions  [7], aqueous  
h u m o r  [8], and  subcu taneous  fats [9]. 

A f t e r  48 h of  p o s t m o r t e m  interval ,  deg rada t ion  is clearly stabil ized,  and  we can  f ind 
a significant  d iminishing of all lipids for  all series. 

T h e  progress ive  deg rada t ion  in all t he  PLs poin ts  ou t  t ha t  they a re  af fected by the  
same degradan t  factors.  In  our  condi t ions ,  these  factors  s tar t  the i r  in f luence  f rom 24 h 
on,  bu t  no t  in the  first 24 h. Accord ing  to these  da ta ,  we have  to t h ink  in autolyt ic  and  
put re fac t ive  processes  as causes of  degrada t ion .  In the  first 24 h,  l ipases show a h igh  
stabil i ty and  phosphol ip ids  tend  to keep  the i r  values  [6], bu t  af ter  this  t ime,  the  a l ready 
m e n t i o n e d  processes  (autolysis,  pu t re fac t ion  and  the  d iminu t ion  of p H )  p roduce  a deg- 
r ada t ion  of the  phosphol ip id ic  molecules ,  what  are conversed  in to  m o r e  s imple molecules ,  
usually f ree  acid fats and  closely re la ted  ones.  Accord ing  to a p rev ious  p a p e r  [7] we also 
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believe that  degradat ion  is enhanced  by phosphol ipases  f rom th rombocy tes  and granu- 
locytes,  since red cells has  not  this kind of enzymes.  

Af te r  the analysis o f  pos tmor t em stability and rate  of  degradat ion ,  we have not found 
differences  among  the  three  series. It means  that  ne i ther  fresh nor  salt water  seem to 
a f f e c t - - i n  our  artificial c o n d i t i o n s - - t h e  previously men t ioned  factors that  produce  deg- 
radat ion of the PLs. 

Because levels at 0 h are the same as at 24 h, we have calculated the linear regression 
equat ion  in all the lipids and series be tween  24 and 96 h, as shown in Table 4. 

All the l i p i d s - - e x c e p t  Sphyngomiel in  in Group  I - - s h o w  a progressive degradat ion  
f rom 24 to 96 h, t ime of  our last de terminat ion .  

With  regard to the very high correla t ion indexes,  we should consider  that  this is an 
exper imenta l  design,  carried out in specially selected laboratory rats of  closely re la ted 
families, with the same age and sex. The  variat ion coefficient ( V C ) - - t h a t  may be s tudied 
in rats of  the first series at 0 h - - i s  a round 8% for all the lipids (except  sphyngomyel in ,  
20%).  We used a series of rats with great  homogene i ty ,  an u n c o m m o n  situation in 
forensic-science specimens,  where  V C  ranging be tween  10 and 40% are accepted  as usuals 
in healthy human  adults [14]. All these facts should be taken into account before their  
extrapolat ion to human  samples.  

The very best  results are of fered  by PC,  with " r "  close to 0.99 in the three  series. This 
is logical if we consider  that  PC supposes  about  54% of all the PL and has little VC. On 
the  contrary,  those who are scarcely present  in lung surfactant ,  as PI and PS, has a more  
he te rogeneous  rate  of degradat ion  in our exper imenta l  condit ions,  perhaps  due to lack 
of  sensitivity in the  techniques  used.  

In conclusion,  we have conf i rmed the  great  pos tmor t em stability of  the  lung surfactant 
phosphol ipids ,  whose  levels have been  found to be similar in the first 24 h,  and we have 
shown that  they decrease  progressively and according to linear correla t ion equat ions until 
the  t ime of our  last de terminat ion ,  96 h after death.  In consequence ,  we think that  PIs 
are very appropr ia te  biochemical  substances to per form studies of  forensic interest ,  even 
some days after  death.  

TABLE 4--Linear regression equation expressing the degradation of the PL along the time 
(between 24 and 96 h). 

Phosphatidyl-Ethanolamine 
I Y = 28.8 - 0.21X r = -0.985 P < 0.01 
II Y = 23.9 - 0.14X r = -0.939 P < 0.05 
III Y = 27.5 - 0.19X r = -0.967 P < 0.05 
PhosphatidyI-Serine 
I Y = 6 . 6 -  0.04X r = -0.948 P < 0 . 0 5  
II Y = 5 . 3 -  0.03X r = -0.927 P < 0 . 0 5  
III Y = 5.7 - 0.04X r = -0.959 P < 0.05 
Phosphatidyl- Inositol 
I Y = 5.3 - 0.03X r = -0.961 P < 0.05 
II Y = 5.1 - 0.05X r = -0.988 P < 0 . 0 1  
III Y = 5.1 - 0.05X r = -0.986 P < 0,02 
Phosphatidyl-Choline 
I Y = 61.6 - 0.38X r = -0.991 P < 0.01 
II Y = 53.8 - 0.34X r = -0.993 P < 0.01 
III Y = 69.8 - 0.38X r = -0.990 P < 0.01 
Sphingomyelin 
I a - -  _ _  _ _  

II Y = 7.1 - 0.03X r = -0.986 P < 0 . 0 1  
III Y = 6 . 7 -  0.024X r = -0.983 P < 0 . 0 1  

"There is no correlation since values at 48 h are higher than at 24 h, as expressed in Table 1). 
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Death by drowning--both  in fresh and salt wa te r - -do  not seem to significantly affect 
either the postmortem stability or the rate of degradation. 

In order to confirm these experimental results, we are performing studies in phospho- 
lipids from human specimens obtained from deaths due to different causes. 
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