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ABSTRACT

From this investigation it was demonstrated that the 

immunological assay, absorption-inhibition was able to detect ABO blood 

groups at initial semen concentrations of 0.1 ml and 0.5 ml, aged 

indoors for at least 35 days and outdoors for at least 7 days. This 

investigation has scientific significance in that it has demonstrated 

that blood group antigens can be removed and detected from cloth 

materials after the crime itself has been committed.

It was also demonstrated that seminal proteins degrade 

progressively over a 2 hour time period by utilizing polyacrylamide gel 

electrophoresis.

In conclusion, this investigation demonstrated the potential 

usefulness of both of these serological procedures for the identifica

tion and characterization of human semen for use in cases of criminal 

rape.
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INTRODUCTION

.Seminal Blood Grouping 

The, act of criminal rape is often considered, by the branches of 

the judicial system as one of the most difficult crimes to prosecute or 

defend. This is due in part to the victim’s fear of retribution that 

is instilled by the.suspect if she pursues prosecution and the fears 

of the social and moral stigmas attached to the victim by society. In 

many cases the question of guilt or innocence is decided on one 

person’s testimony against another’s.

It is well documented that over the past few years there has 

been an increase in the number of rapes being reported as well as the 

actual number of rapes that occured. According to the Tucson Police 

Department and the Rape Crisis Center the number of rapes reported to 

the police in 1978 increased 33% to a total of 155 and the Rape Crisis 

Center reported a 46% increase to a total of 206 (I).:- Some of these 

increases are probably due not only to the increased incidences of rape 

but also due to an increase in the reports that are being made to other 

agencies that aid the victims without involving the police. This 

increase in workload coupled with the difficulty in determining guilt 

in these cases makes the use of scientific investigation very 

important to the judicial system.

One of the major problems in the prosecution of rape is the 

lack of physical evidence in the form of bodily harm to prove that a 

rape actually occured (2).
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Up to the present time most laboratory attention has been 

devoted to the identification of spermatozoa or the quantitation, of the 

enzyme3 acid phosphatase.. These procedures were performed to determine 

if sexual intercourse had occured and if it had, how recently it had 

happened. These procedures, although helpful, are of limited value. 

Acid phosphatase is a ubiquitous enzyme, found not only within the 

male seminal plasma but also in female vaginal secretions. The only 

difference is that the female secretes a lesser quantity than is found 

in the male seminal plasma.

Presence of spermatozoa in a vaginal secretion may confirm ' 

sexual intercourse. However, this alone is of limited value since 

spermatozoa have been found as long as 48 hours after intercourse and 

that the presence of the sperm would not prove that intercourse had 

recently occured, i.e., sperm may be present from previous sexual 

activity. In a recent study it was reported that spermatozoa could be 

identified from fresh preparations in only 4 instances out of 300 

alleged sexual attacks (3). Even under optimal conditions (a short 

period of time elapsing between attack and examination, an unbathed 

victim, ejaculation by the suspect and reliable laboratory method for 

detecting spermatozoa) there is low probability of identification of 

spermatozoa in a vaginal washing since oligospermia and azoospermia are 

more prevalent conditions among rapists that other adult males (4).

In summary, one can only say, from.the evidence presently 

collected by most crime laboratories, that there was possible sexual 

intercourse within a 48 hour time span. From this, nothing further



can be determined to identify the exact time of attack, to narrow the 

list of possible suspects by excluding or including a person or to 

accomplish the ultimate, proving who actually committed the crime.

It was this lack of evidence that inspired forensic scientists 

to take advantage of a long established discipline of study which can 

further segregate persons on the basis of their serological individ

uality, blood group serology.

In 1900, Landsteiner (5) began the field of serology with his
y  - '

observation that human red blood cells agglutinated in the presence 

of serum belonging to the same species. Landsteiner discovered the 

ABO blood grouping system and received the Nobel Prize for his 

discovery thirty years after his first observation. The discovery of 

further systems of blood grouping followed that of the ABO system by a 

quarter of a century. In 1926 Landsteiner and Levine discovered the MN 

system and the P system (5). Since 1940 the Rh and MN blood groups 

have been subdivided into other blood group systems such as Lutheran, 

Kell, Lewis, Kidd, and Duffy., 1

It has long been recognized that the blood group antigens A and 

B are not confined to the red cells or to the whole blood, but can be 

detected in tissue cells and particularly in body fluids - They, have a 

wide distribution and have been found not only in semen but in saliva, 

gastric juice, ovarian cyst fluid, amniotic fluid and in smaller 

quantities in sweat, urine, tears, bile and milk. One of the richest 

and most readily available sources of group specific substances is 

saliva and it is used extensively in detecting the presence of these 

antigens in any given individual. In approximately 24% of the.



population, however5 ABO group substances are absent from saliva and 

other body fluids. Those individuals whose saliva contains the 

appropriate ABO group specific substances are referred to as secretors, 

while those individuals whose saliva'is devoid of such substances are 

referred to as non-secretors.

It has been established that secretion of group specific 

substances is controlled by a pair of allelomorphic genes, Se and se, 

with Se dominant over se. Thus, individuals can be homozygous dominant 

SeSe, heterozygous Sese or homozygous recessive sese. The first two 

classes of people are secretors and the third class are the non- 

secretors. There is evidence that there are two distinct forms of group 

specific substance, one water soluble present in most body fluids and 

tissues and one alcohol soluble,.present in red blood cells and almost 

all other tissues. The presence of the water soluble form is controlled 

by the secretor gene, and only secretors possess the water soluble form 

which appears in the body fluids.

The first demonstration that the ABO blood groups existed in 

human seminal plasma was in 1926 when Yamakami and Shirai detected 

these cell surface antigens by a hemmagglutination inhibition pro

cedures (6). The presence of other blood group antigens in either 

seminal plasma or sperm has not been investigated to the extent the 

ABO system has. It is thought that this lack of attention is due not 

only to the rarity of expression within the general population but also 

to the weak antigenicity of the non-ABO blood groups. A  few of the 

other blood group systems investigated are expressed in seminal plasma 

and on sperm. In a recent review the following are cited as being



found in ejaculates: the P antigen of the Rh system, M  and N antigens

of the MN system, HL-A antigens, Tja antigens of the Jay system, and 

the Lewis antigens. Some investigations have detected these antigens,, 

while other investigations have contradicted those findings and still 

other investigations have unconfirmed findings (7). Currently there is 

some experimentation into the expression of other blood group systems. 

However, the results at this time are not conclusive enough to include 

these systems in this present investigation.

Techniques employed to blood group human blood are used to 

group other body fluids. However, some difficulties arise even . 

though the basic principles of serology generally apply.

The selection of the most suitable immunological technique for 

grouping seminal plasma for this application must be based upon the 

following factors: sensitivity, reproducibility, cost, .simplicity and 

time conservation. Basically, four different immunological assays 

could be considered: fluorescent antibody, mixed cell agglutination,

absorption elution, and absorption inhibition. For practical reasons, 

the first two techniques are not used. The fluorescent antibody 

technique is far too expensive and elaborate to be easily implemented• 

in the average community crime lab. _ It's major advantage is its

specificity, which is far beyond that of the other techniques. However 

this degree of specificity is not required since the final results can 

be observed macroscopically in the other techniques. The mixed cell 

agglutination technique is exclusively an immunological assay for 

blood group antigens in tissue cells such as buccal cells, skin cells, 

and platelets, and probably would only apply if one were attempting to



blood group only sperm, since the blood group antigens are thought to be 

incorporated into the various cells? surface membranes (8,9,10). This 

technique’s applicability is further placed in doubt by the nature of 

the evidence to be examined, which would be a seminal stain. Since 

most stains do not contain any viable sperm due to autolysis and to 

the additional fact that sperm make up a vary small fraction of the 

ejaculate, the mixed cell technique is of use only on fresh sperma

tozoa. The selection of techniques was narrowed to the absorption 

inhibition and absorption elution on the basis that both are relatively 

simple and rapid methods, do not require any elaborate laboratory 

equipment other than a light microscope and centrifuge and,are 

relatively inexpensive compared to the first two techniques. The 

selection of the absorption inhibition over elution technique was 

based on a personal communication with another investigator (11), 

on a publication comparing the two techniques’ abilities to detect the 

ABO antigens in vaginal aspirates. M. H. Graves et al. concluded 

from their study that the absorption elution technique results are not 

reproducible, that the elution results do not correspond to the 

inhibition results, and that without further study the elution method is 

not a compatible confirmatory technique for the absorption inhibition 

method in detecting ABO antigens in vaginal aspirates (12).

Currently, literature sites, research conducted employing the 

absorption inhibition technique and other techniques, and also shows 

techniques routinely used in foreign crime laboratories to blood group 

semen and other bodily secretions (13.). This does not appear to be the 

case in the United States. If United States laboratories routinely



blood group and research seminal stains, the published results are 

scant. From the available literature in the United States, more 

attention is given to acid phosphatase than to investigating blood 

grouping of semen. . '

From communicating with several county and city prosecutors 

it is quite apparent that a need exists to further process the available 

evidence in a search for more specific evidence.. The routine applica

tion of the absorption inhibition blood grouping procedure obviously 

can not conclusively say who the perpetrator was, but it can provide a 

valuable aid in either including or excluding a person as a suspect.

All a prosecutor can now present before the jury is that there was 

recent evidence of sexual intercourse, but nothing further. At least 

with the detection of a blood group from a seminal stain, a husband 

or boyfriend might-readily be ruled out and this fact not be used by
i - ■ ■ -

the defense to cast doubt on the prosecution’s case.

In summary, it is obvious that a need exists, not only to aid 

the law and victim but also the accused. Also apparent is the fact 

that of the collected physical evidence, most is not exposed to blood 

group serology procedures. It has been demonstrated that one such 

procedure exists, that procedure being absorption inhibition, and is 

quite applicable from numerous standpoints.

Electrophoresis of Semen 

The genetic typing of cell surface antigens and.their importance 

has previously been discussed, but there is a second system of genetic 

markers that can also be used to identify and characterize semen. The



second system of genetic markers are the various proteins and enzymes 

which are found in seminal plasma, sperm and whole semen. In 

Sensabaugh1s. review of genetic markers 1976, he sites the expression of 

15 polymorphic loci.u: Of those 15, seven are found predominantly in 

sperm, five are found exclusively in seminal plasma, and three are 

found in both (7).

In a second study. Dr. Sensabaugh and his group investigated 

the levels of a number of these polymorphic proteins and enzymes and 

compared their levels found in semen to practical typing detection 

limits (14)., Since most crime laboratories regularly work with blood 

levels of these enzymes and proteins a comparison was also made between 

blood and semen levels to establish standards of reference. Their 

results showed that a few of the seminal markers were in high enough 

concentrations that they were well within current detection limits.

Other markers, although in lesser concentrations, were still detectable 

and potentially useful in semen typing. It was also observed that most 

of the genetic markers quantitated were generally in higher concentra

tions in/ semen as compared to whole blood. In conclusion, Sensabaugh 

pointed out the potential usefulness of the various markers as racial 

discriminators and-by grouping them into three groups, depending upon 

their concentrations relative ̂ to their detectability by current 

procedures.

Sensabaugh also cited the characterization of a semen specific 

protein designated p30, which, if a more sensitive assay were developed, 

could increase the specificity of the protein and thereby be able to 

to conclusively identify a seminal stain (15).



Since most of these genetic markers are identified through 

electrophoretic procedures that are well established, it follows that no 

contradiction should arise concerning their existence, as has been the 

case with cell surface antigens. Neither system of characterization 

and identification is without pitfalls. For example, more sensitive 

analyses should be explored for proteins and enzymes due to semen 

samples being either diluted and/or contaminated upon their submission 

to the crime laboratory. The ability to discriminate between male and 

female genetic markers will also have to be established. Finally, 

the processes, of degradation will have to be investigated further due 

to the apparent continual degradation of seminal proteins, whether at 

room temperature (37°C) or at freezing (4°C). This degradation is 

thought to be enhanced by various proteases and peptidases which are 

found, in both seminal plasma and sperm.

Although many problems can arise with electrophoretic procedures 

it; is apparent that this technique has tremendous potential for the 

individualization of semen for forensic purposes. The first separation 

was designed to compare the protein banding in two different whole 

semen samples. The second separation was designed to provide a 

degradation comparison of the protein bands over a two hour time period.



STATEMENT OF PROBLEM

More extensive quantitative data are needed now, a view also 

supported by Sensabaugh (7). It was decided to blood group human semen - 

by the absorption inhibition method. Once the method was developed 

its detectability was investigated from both quantitative and quali

tative aspects.

As a second goal, the effects, if any, of the weather elements 

on seminal stains were examined. We wished to determine if a eluate of 

semen could be produced and, secondly, if that eluate could be blood 

grouped.

A third goal was to apply electrophoretic studies to seminal 

plasma using polyacrylamide gel electrophoresis (PAGE).

10



MATERIALS AND METHODS

' Sirbj ects

Selected for this study were healthy white males ages 26-36.

All volunteers were asked to read and sign a consent form, composed for 

this particular study and approved by the Arizona Health Sciences 

Center Human Subjects Committee (Appendix A).

Secretor Test

All volunteers were requested to provide a fresh sample of 

their saliva for the secretor substance test. Saliva, 3-5 ml, was 

collected in glass tubes 10 x 1 cm and placed in a boiling water bate 

for 10 minutes. After the tubes had cooled, they were placed into a 

centrifuge for 5 minutes at approximately 1500 rpm. The resulting 

clear supernatant was then poured off into another glass test tube for 

either immediate testing or.for refrigeration at 4°C until needed.

A dilution of the Lectin-H (Ulex Europaeus, Dade Scientific 

Products, 1851 Delaware Pkwy, Miami, FL 33152) was then prepared by 

adding 5 drops of saline (.85% NaCl) to 1 drop of Lectin-H to produce a 

dilution of 1 to 6 .

In a clean dry test tube was placed 1 drop of the saliva to be 

tested and 1 drop of the above dilution. This mixture was gently 

shaken and allowed to incubate for 10 minutes at room temperature.

While the mixture was incubating, a 2-3% suspension of group 0 blood 

cells was prepared.; The red blood cells were washed in physiological 

saline at least twice prior to resuspension.

11



12
After the suspension of red blood cells was made, 1 drop of this 

suspension was added to the saliva—Leetin~H mixture. This final 

mixture was allowed to stand for 5 minutes after mixing at room 

temperaturei This final mixture was then centrifuged for 1 minute at 

1000 rpm. After centrifugation, the resulting- pellet was dislodged by 

gently shaking the test tube. If the donor was secretor positive, i.e., 

possesses secretor substance, the red blood cells should not agglu

tinate. If the donor was secretor negative, i.e., possesses no 

secretor substance, the red blood cells should agglutinate or clump 

together.

Indoor Laboratory Exposures

Ordinary white bed sheets made of linen (Sears, Tucson, AZ) 

were purchased and used in these experiments. Squares 2^x2" were cut

from the bed sheets after being washed, and placed onto full length

sheets of tin foil.

On the squares of sheets were dropped 0.1 ml and 0.5 ml

quantities of semen of an unknown blood group from one donor and

saline. The saline squares were used as controls and both quantities 

were paired. The semen and saline were applied to the squares with a 

graduated pipette. Folding of the sheet squares was necessary to aid 

in containing the semen, as much as possible. Disposable surgical 

gloves were worn to prevent, contamination of the squares.

The first series of six squares, (A. ".two of 0.1 ml of unknown 

semen sample, B. two of 0.5 ml of unknown sample, and C. two at 0.1 ml 

and 0.5 ml, respectively, of saline), were blood grouped immediately
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and served as the zero day grouping. The other series were allowed to 

stand undisturbed at room temperature in the laboratory for 1 3 3, 5, 7, 

14, 28 and 35 days. The test samples were then blood grouped on the 

respective number of days after application.

When time came for blood grouping, the stained squares were 

observed with ultra-violet light and then were removed with elongated 

forceps and placed in individual 50 ml screw cap glass culture tubes. . 

After all the stained squares were placed into the bottom of these 

tubes, the tubes were labeled with colored tape, indicating the number 

of days aged and the quantity of test sample applied. Since the 

samples were paired, they were further labeled with letters A, B and 

C, with the letter C referring to the controls. Two ml of saline 

were then added to each of the tubes which were then allowed to stand 

for 10 minutes. After standing, each square was agitated and squeezed 

with the forceps for 5 minutes. The squares were then squeezed for 

a second time and then discarded, leaving as much of the eluate in the 

tube as possible’. The tubes were then placed into a boiling water bath 

for 10 minutes. To prevent the tubes and beakers from breaking, 

boiling stones were added to the water. After boiling, the tubes were 

allowed to cool. They were then placed in a centrifuge (International / 

Equipment, Model K) and spun for 10 minutes at 3,000 rpm, or until the 

eluates were clearly separated into a clear supernatant with a mineral 

and cellular debris pellet at the bottom. The supernatant was used for 

blood grouping.



Outdoor Exposure 

The same procedure used for the indoor laboratory exposure was 

used for the outdoor exposures. . The only modification was a cardboard 

box, on which the sheet squares and tin foil were mounted. The squares

and tin foil were attached by thumb tacks to the cardboard box. The
)box was then placed outside on the ground and exposed to the weather’s 

elements. The samples were aged, removed, and prepared in the same 

manner as the indoor laboratory exposures.

Absorption-Inhibition 

Prior to blood grouping the indoor laboratory and outdoor 

exposed eluates, several preparations had to be made. First, the anti

serum dilutions were established by a series of experiments to

determine their most effective range. Antisera of blood groups A, B , 0 
Rand AB (Dade Scientific Products, Phoenix, AZ) were used. The final 

dilutions adopted were 1/2, 1/5, 1/10, 1/20 and 1/60. The antisera 

were diluted with saline using calibrated pipettes and stored in

7.5 cm x 1.0 cm disposable glass tubes at 4°C until used. The 

indicator red blood cells were donated by the Arizona Health Sciences 

Center Blood Bank. The red blood cells were placed in conical 15 ml 

screw cap calibrated tubes and washed four times with saline.

Washing was accomplished by suspending the concentrated cells 

in saline, centrifuging for 5 minutes at 1,500 rpm, pouring off the 

clear supernatant and resuspending in saline. The final concentration 

of red blood cells used was 0.5-1.0%. Usually the amount of red blood 

cells donated was excessive, so upon the final washing, suction was
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employed to remove excess saline and cells. After the fourth and final 

washing, the cells were resuspended in bovine serum albumin (Dade^ 

Scientific Products, Phoenix, AZ) and stored at 4°C until used. To 

provide both a positive and negative control, saliva was obtained from 

two volunteers, both belonging to blood group 0 , one being a secretor 

and the other a non-secretor. Blood group and secretor status had been 

previously established.

To perform the blood grouping on each semen sample a series of 

5 tubes, one for each antisera dilution, were arranged in 6 rows 

representing the 4 blood groups plus the 2 controls. With disposable 

pipettes, 1 drop of each antisera dilution was added to the designated 

tube in each of the 6 rows. Added to the 5 tubes in the first 4 rows * 

blood groups A, B, 0. and AB, was one drop of the unknown blood group 

semen elute. To the last 2 rows were added the saliva from the secretor 

and the non-secretor. The tubes were gently swirled to allow mixing 

and then incubated for 24 hours at 4°C. After incubation, 1 drop of the 

appropriate red blood cells was pipetted into each of the tubes. The 

tubes were then centrifuged (Whisperfuge^, Mod. 1385, Damon/IEC 

Division, 300 2nd Ave., Needham Heights, Mass. 02194) on the low posi

tion, which was approximately 1,000 rpm for 2 minutes. After all 

dilutions'including controls had been spun, all were individually 

shaken and observed both macroscopically and microscopically for 

aagglutination. Agglutination and non-agglutination was illustrated by 

a positive (+) or a negative (-) sign respectively, and recorded beside 

the particular dilution being observed. Strength of agglutination or 

non-agglutination was illustrated by the size of the sign.
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Electrophoresis

Analysis of semen samples was done by polyacrylamide gel 

electrophoresis (PAGE) essentially in the same manner of Dr. B. Magun 

(Personal communication. Dept, of Anatomy, College of Medicine, 

University of Arizona, 1979) (16) which in turn was an adaptation of 

Laemmli (1970).

Glass tubing with an inside diameter of 6 mm was cut to 16 cm 

in length. A line 12,5 cm from the bottom was etched on the tube. The 

gels shrank to about 12 cm.

In order to produce good gels it was essential to pay particular 

attention to cleaning the gel tubes. Bits of dirt or old silicone on 

the glass tubes contributed to poor gels.

Previously used empty gel tubes were boiled in 1.0 N KOH for

1.5 hours. The tubes were then rinsed thoroughly in deionized water 

and placed in a sulfuric acid-diehrornate cleaning solution for 1 hour. 

After being placed in the acid bath, the tubes were thoroughly rinsed 

in deionized water and placed in 1 N KOH for 1 hour. The tubes were 

then rinsed several times in deionized water and dried in an oven with 

tin foil placed over the container to prevent contamination. The gel 

tubes were then silianized by immersing them in a filtered 5.0% 

dimethyldichloral toluene solution (Sylon CT, Supelco, Inc., Beliefonte, 

PA) for approximately one minute followed by a toluene, then a methanol 

rinse. The tubes were then oven dried at 70°C, covered with tin foil 

and then stored until used.

Stock solutions for gel polymerizationans were made as follows:
' ' '

%T represents the total percentage wt/volume of acrylamide and
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‘bisacrylamide to acrylamide in the mixture. The final mixture composi

tion was 30%T/30%C. Added to this was 1.6 M Tris base [tris(hydroxy- 

met hyl )aminomethane, 99-99.5%, Sigma Chemical Co., St. Louis, MO ] 

and 0.4% sodium dodecyl sulfate (SDS) lauryl sulfate (Sigma Chemical 

Co., St. Louis, MO.) at pH 8 .8 .

The upper Tris buffer solution (4x):

0.5 M Tris base 

0.4% SDS 

• pH 6.9

The lower ends of twenty freshly siliconized tubes, the ends 

farthest from the scratch, were occluded with wrappings of parafilm 
strips. The tubes were then placed vertically in suitable test tube 
racks. Lower gel solutions were prepared by millipore filtering

40.0 ml H20

20.0 ml lower Tris (4x)

20.0 ml acrylamide solution

into a 125 ml Erlenmeyer flask and degassed in vacuum for 5 minutes. 

Thus, a 0.4 M Tris, 0.1% SDS, pH 8.8 solution of acrylamide was . 

produced. Using stock acrylamide solution would yield the %T and %C 

value of 7.5%G/3.0%C. oTo this was added 166.7 yl of freshly prepared 

ammonium persulfate (Eastman) and 20 yl of N,N,N?,NT-tetramethyl- 

ethylenediamine [(TEMED) Eastman]. The solution was mixed and aerated 

by six gentle swirls of the reaction flask. This solution was 

pipetted into the gel tubes, filling them to a point slightly higher 

than the scratch marks. The tubes were tapped to dislodge any air 

bubbles and then aspirated down to the scratch line. A few drops of
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isobutanol were layered on top of each tube to insure a flat miniscus 

and* ;thus5 a flat gel surface.

The polymerization proceeded in approximately 45. minutes during 

which time the top of the tubes were protected from dust contamination. 

The polymerization progress was followed by the appearance of a layer 

of excluded solution between the isobutanol and the gel surface. At 

this point the isobutanol was floated free with 0.1% SDS and both 

removed with gentle aspiration. The upper stacking gel solution was 

prepared as follows:

6.5 ml H 20

2.5 ml upper Tris (4x)

1.0 ml acrylamide stock solution 

To produce a 0.125 M Tris, 0.1% SDS, pH 6.9, 3.0%T/3.0%C acrylamide 

solution, 50 pi of this solution was layered on each gel and then 

gently aspirated off. 30 pi of fresh ammonium persulfate and 10 pi of 

TEMED were then mixed into the acrylamide solution. 250 pi of this 

solution was then layered onto each gel and in turn overlayered with 

isobutanol. Polymerization proceeded within 15 to 20 minutes and the 

isobutanol removed with a 0.1% SDS wash and gentle aspiration. The 

gels were then placed upside down in a beaker containing a few 

centimeters of distilled water. With the upper gel surface protected 

by a humid environment and the lower gel surface still covered with 

parafilm, the gels were allowed to cure for 24 hours. The electro

phoresis apparatus consisted of a D C .power supply [0-150 volts, .

0-200 mA, Hewlett Packard (7112B), Palo Alto, CA] and homemade 

electrode cells.
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After curing, the parafilm was removed and the gel tubes 

inserted into the electrophoresis apparatus. The insertion of the 

tubes required the use of glycerol to facilitate the passing of the 

tubes through the rubber fixtures; Each cell was then filled with 

Tris glycine:

0.025 M  Tris 

1.44% glycine 

. 0.1% SDS 

pH 8 .4-8.5

Air bubbles that formed in both the top and bottom of the gel 

surfaces were dislodged by tapping the tubes individually. The anode 

was always at the bottom of the cell.

Semen samples were prepared by aging 50 pi aliquots of fresh 

ejaculate for 5.0, 10.0, 20.0, 30.0, 60.0, 90.0 and 120.0 minutes at 

room temperature. 950 pi of sample buffer - 

0.25 M  sucrose 

0.01 M Na2HP04 

0.01% SDS

1 .0% mercaptoethanol 

pH 7.2

were added and the sample placed in a boiling water bath for 10 minutes. 

200 pi of the boiled semen samples were carefully layered on top of the 

stacking gels.

A constant current of 1.0 mA/gel was applied until the sample 

had begun to enter the lower gel. The current was increased to

2.0 mA/gel and electrophoresis was allowed to continue until the
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running front was approximately 2 cm from the end. At the end of the 

run, the current was turned off and the gel tubes immediately removed 

from the tubes by using a 20 gauge 1.5 inch hypodermic needle attached 

by flexible tubing to a distilled water source. By forcing a gentle 

stream of water and inserting the beveled needle between the gel and 

the tube, the.gels could then be dislodged intact. The gels were 

immediately stained. Staining was accomplished in a 16 x 150 mm 

screw cap culture tube. The gels were then immersed in staining 

solution:

0.0025% Coomassie Brilliant Blue R-250 (Eastman)

25.0% isopropanol 

10.0% glacial acetic acid 

The gels were exposed to the staining solution for 24 hours.

Destaining was carried out by successive rinsing and soaking 

the gels in 7.0% glacial acetic acid. Protein profiles of destained 

gels were made by scanning the gels at 590 nm in an Acta III spectro

photometer equipped with a gel scanner attachment and a 1 x 1 x 10 

quartz cuvette (Beckman Instruments, Fullerton, CA).



RESULTS

Secretor Status Testing 

Nine male volunteers provided saliva for secretor substance 

testing. Of the nine testeds only one was found not to possess 

secretor substance in his saliva. This particular individual?s saliva 

was employed as a negative control for the forthcoming blood grouping 

tests. The eight remaining volunteers all gave positive test results 

for secretor substance.

Preliminary Blood Grouping 

All volunteers provided semen samples without providing 

information as to their blood group. Blood grouping was conducted blind 

on eight of the samples submitted. Confirmation of the results was 

accomplished by routine blood grouping of the volunteers' blood by 

pricking the ventral side of a finger with a lance. The results 

(Table 1) showed the following: (1) Group B, (2) Group A, (3) Group B,

(4) Group A, (5) Group 0 S (6) Group A, (7) Group A, and (8) Group B. 

Eight volunteers were blood grouped, and three trials were conducted 

on each of the eight samples.

Establishment of Effective 
Dilutions Ranges

Semen Dilutions
To approximate the forthcoming test concentrations, fresh 

semen was diluted with sAline to 1:21 and 1:4.5 and blood grouped,
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Table 1. Preliminary Blood Grouping of Eight Volunteers•

Cell ....... Aritisera Dilutions
'Volunteer Type 1/20 1/40 1/60 1/80 1/100

T. D. AT> + + . + + 4-
JtS
0 + + + + 4~

Sec - - - - -
.NonSec . + . . + + 4* +

D. C. A _ _ _ _ _
B + + + + +
0 - - - + . 4-

Sec - - - . - -
NonSec + + + + +

D. D. A•D + + + + 4-
X>
0 + + + + 4“

Sec - - - - -
NonSec + + + + +

Mo L. A _ _ _
B + + + + 4-
0 " + + Hh 4* 4-

Sec - - - - -
NonSec• + + + 4* +

L. Z. A + + + 4- +
B + + + 4- +
u

Sec — — — —
NonSec + + + -f- +

M. T. A
B + +
0 -  -

Sec - -
NonSec , . .+......+
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Table 1. Preliminary Blood Grouping .of Eight Volunteers. —  (Continued)

Cell Aritisera Dilutions
Volunteer Type 1/20 1/40 1/60 1/80 1/100

J. C. A _ _

B
n

+ + + + +
u

Sec — _ __ _ —

Non Sec + + + + +

R. W. A"D
+ + + + +

D
0 + + + + +

Sec - - - ‘ - -
Non Sec + + + + V 4-
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Blood group "A" semen was used from volunteer M. L . and three trials 

were conducted at each dilution (Table 2), The 1:21 dilution 

corresponded to .1 ml of semen in 2.0 ml of saline and the 1:4,5 

dilution corresponded to .5 ml of semen in 2.0 ml of saline. The 

group A semen was successfully.blood grouped at both dilutions.

Antisera Dilutions

To establish the most effective range of antisera dilutions for

testing conditions, a series of groupings were performed. Semen of

blood group A was used from subject M. L. The first grouping employed

two samples of semen at each of two concentrations for three trials.

Antisera dilutions were as follows: 1/1, 1/20, 1/60, and 1/120. Upon
'completion of the grouping it was found that the 1/1 dilution was too 

concentrated and the 1/120 dilution was too weak to react with the blood 

group antigens (Table 3).

While continuing to find the most effective antisera dilutions, 

it was also decided to investigate the effects of changing the semen 

or antigen concentrations as well. Still employing semen of blood 

group A, from donor M. L. the following concentrations were adopted:

.1 ml, .3 ml, .6 ml and a control. Antisera dilutions were changed 

to 1/1, 1/2, 1/3 and 1/5. The results showed that the new antisera 

dilutions were too concentrated after 3 trials to react with the 

Ipwest semen concentration (Table 4)..

Employing the same semen concentrations, it was decided to 

expand the antisera dilutions into a lower concentrated, range. On 

this occasion the following antisera concentrations were used: 1/2 ,



Table 2 Blood Grouped Semen at 1:21 and 1:4:5"Dilutions.

Semen Blood ...... Antisera Dilutions '
Dilution Group 1/20 1/40 ‘ 1/60' 1/80 1/100

l:\21* A — — — — —
B + + + +■ +

AB - + ' + + + +

1:4.5* A — — — —
B + + + + +

AB + + + + +

1:21 ml dilution = 0.1 ml semen in 2.0 ml of saline, 
1:4.5 dilution = 0.5 ml semen in 2.0 ml of saline.
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Table 3* Blood Grouped Semen at Various Antisera Dilutions.

• Antisera Dilutions 
Dilution ' 1/1 1/20 1/60 1/20
Semen

e 1ml A "t . — — —
• 1ml B + — — —
. 1ml C + 4 - 4 - 4 -

Control
• 5ml A ,+
,5ml B 4-
• 5ml C 4-
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Table 4. Blood Grouped Semen with Concentrated Antisera Dilutions.

Antisera Dilutions
1/1 1/2 1/3 1/5

Semen
,1ml + + + +
.3ml + + -
. 6ml + + +

Control + + + +

L
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1/5, 1/10, 1/20 and 1/60. The results, after 3 trials, showed that with 

the expanded range of antisera dilutions a more complete blood grouping . 

was possible. It was also shown that the lower concentrations of 

antisera were necessary to blood group the semen at higher concentra

tions (Table 5).

Before the final antigen and antisera concentrations were 

selected, a final experiment was conducted with the only alteration 

being the return to the original semen concentrations of .1 ml and 

.5 ml. The results, after 3 trials, showed that the antisera dilutions 

of 1/2, 1/5, 1/10, 1/20 and 1/60 more completely.covered the range of 

reactivity for the two semen concentrations being blood grouped 

(Table 6). .

Results from Indoor 
Test Eluates

Prior to the final blood groupings of the indoor laboratory 

samples, a preliminary experiment was performed. In this experiment 

the same concentrations of antisera and semen were used. The samples 

were paired and aged 0, 2 and 5 days and then blood grouped 3 separate 

times. From this study it was found that most of the semen sample was 

retained on the pieces of sheet and that the samples could indeed be 

blood grouped out to and including the fifth day.

The indoor laboratory test results showed that semen in original 

spotting concentrations of .1 ml and .5 ml and final elution concentra

tions of 1:21 and 1:4.5 could be blood grouped at 0, 1, 3, 5, 7, 14,.-28 

and 35 days. Semen of blood group A and B was tested. Even though the
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Table 5 Blood Grouped Semen with Expanded Antisera Dilutions.

• Antisera Dilutions‘
1/2 1/5 1/10 1/20 1/60

Semen
. 1ml 4" — — — —
.3ml + - - — -
o 6ml — — — — —

Control
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Table 6. Blood Grouped Semen Samples with Semen Concentrations of .1ml 
and o5ml and Antisera Dilutions of 1/2, 1/5, 1/10, 1/20 and 
1/60.

Semen Aritisera Dilutions
Cone. 1/2' 1/5 1/10 1/20 1/60
. 1ml A — — — — —
. 1ml B ■ ~ — 1 — — —
. 1ml C + + + 4- +

. 5 ml A ~ — — — —

. 5ml B — ~ — — —

. 5 ml C + + + 4* 4-
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technique successfully blood grouped all of the samples on each of the 

days, only days 1, 14 and 35 will be illustrated (Table 7).

Three separate trials were conducted on each sample at each day. 

Laboratory conditions included an ambient room temperature of 75°F 

and filtered air to prevent dust build up and consequent contamination.

Results from Outdoor 
Test Eluates

The outdoor test results showed detectability of both blood 

groups A and B in the 1, 3, 5 and 7 day samples. The remaining samples 

from days 14, 28 and 35 could not be blood grouped. Illustrations 

will be of days 1, 3, 5, 7 and 14 (Table/8). During days 1 

through 7, Tucson experienced heavy rain showers on three occasions, 

the temperatures ranged from average daily highs of 105°F to daily 

night time lows of 83°F. The supporting cardboard box was placed on the 

ground, surrounded by dirt, grass and shrubbery type areas. The 

platform was also in direct sunlight.

Electrophoresis of Semen Results 

The results of this procedure are of two separate trials. After 

both trials had been conducted, the best samples at each time interval 

were selected for scanning on the spectrophotometer (Beckman Acta III, 

Sunley House 4 Bedford Park, Croydon CR93LG, England) at 590 nm. The 

time intervals were as follows: 5, 10, 20, 30, 60, 90 and 120 minutes.

Only the results at 5 minutes and 120 minutes are illustrated (Figs. 1 

and 2). The design and purpose for this study was to show the
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Table 7. Blood Grouping of Semen Samples Aged Indoors 19 1 and 35 Days.

Blood Sample/ Cell ’ Antisera Dilutions
Day Group Control Cone, type. 1/2 1/5 1/10 1/20 1/60
1 A \ A .5ml . A — — — — —

B . +  + + + +

AB + + + + . +
o 1ml A — — — — —

B + + ' +  + +

AB + + +  + +

B • 5ml

.1ml

Control .5ml

,1ml

A
Bn

+ + + + +
u
AB + + + + +
A
Bn

+ + + + +
U
AB + + + + +

A + + + + +
B + + + + +
0 + + ! + + +
AB + + + + +
A + + + + +
B + + + + +
0 + + + + +
AB + +. .. .+. .. + .. . .+

B A  .5ml A
B
0 + + + + 4*
AB + + + 4* +

, 1ml A 4* 4* 4- 4- 4-
0 4* 4* 4- 4- 4"
AB 4- 4- 4- 4- 4-
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Table 7. . Blood Grouping of Semen Samples Aged Indoors —  (Continued)

Blood Sample/ Cell Antisera Dilutions
Day . Group Control Cone. type 1/2 ' 1/5 1/10 1/20 1/60

A + + ' +  + +

0 + + + + +
AB + + ■ + + 4*
A + + , . +  + +

0 + 4 4  + 4
AB 4 4 4 4 4

A 4 4 4 4 4
B 4 4 4 4 4
.0 > 4 4 4 4 4
AB 4 4 4 4 4
A 4 4 4 4 4
B 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4

7 A A c 5ml A — — — — —
B 4 4 4 4 4
AB 4 4 4 4 4

»1ml A — — — — —
B 4 4 4 4 4

AB 4 4 4 4 4

B «5ml A — — — — —
B 4 4 4 4 4
AB 4 4 4 4 4

e 1ml A —
B 4 4 4 4 4

. AB .. 4 4 . '.4. . 4. 4

B o 5ml

.1ml

Control •5ml

.'.1ml
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Table 7. Blood Grouping of Semen Samples Aged Indoors —  (Continued)

Blood Sample/ Cell Antisefa Dilutions
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

Control . 5ml A + + +  4- 4-
B + 4 - 4 -  4 - 4 -
0 + + + + +
AB + + + + +

.1ml A + + ' +  + +
B + + + + . +
0 + + + + +
AB + + +  + +

B A . 5ml A
B
0
AB

. 1ml A 
B 
0
AB

B o 5 ml A
B 
0
AB

. 1ml A 
B 
0 . 
AB

o 5ml. A + + + + +
B + + + + +
0 + + + + +
AB + + + + +

olml A + + + + +
B + + + + +
0 + + + + +
AB + + + + +

+ + + + +
+ + + ' +  + 
+ + + + +
+ + + + +
+ + + + +
+ + + + +

+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
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Table 7. Blood Grouping of Semen Samples Aged Indoors—  (Continued)

Blood Sample/ Cell Antisera Dilutions'
Day Group Control ' Cone, type ' 1/2 1/5 1/10 1/20 1/60

35 A A ...5ml A - - -
B >  + + + +

AB +  + +  + +
• 1ml A “ — — — —

B +  +  +  + +

AB +  + +  + +

B .5ml A — — — — —
B + + + + +

AB + ' + + - +  +
• 1ml A — “ — — —

B + 4 - 4 -  + +

AB + + + + +

Control .5 ml A +  + + + +
B .+ + + ,+ +
0 4- + + + +
AB + + + + +

.1ml A. + + + +  +
B  + ■ ■ + • +  +  +
0 + + + + +
AB + + + + +

B A .5ml A + + + + +
0 + + + + +
AB + + + + +

.1ml x A + + + + +

0 + + + + +
AB + + + + +
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7. Blood Grouping of

L
Semen Samples Aged Indoors — - (Continued)

Blood Sample/ Cell Aritisera Dilutions
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

B .5ml A"D
+ + 4- 4- +

0 + + + 4* 4-
AB + + + 4* 4-

- 1ml A-"D
+ + 4- + +

.D
0 + 4- 4- . 4“ 4*
AB + + + 4* +

Control. . 5 ml A + + + 4- +
B 4- 4- 4- + +
0 + 4- 4- 4- 4* .
AB + 4* 4- 4* 4-

.1ml A + 4- 4- 4- 4-
B 4- 4- 4- + +
0 4- + 4* + +
AB + + 4- 4- 4-
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Table 8. Blood Grouping of Semen Samples Aged Outdoors 1, 3, 5, 7 

and 14 Days.

Blood Sample/ Cell Aritisefa Dilutions,
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60
1 A A . 5ml A - 1 -■ -' - -

B + + ’ . + + - +

AB + + + + +
«1ml A — — — — —

B •+ + + + +

AB ‘ + + + + +

B e 5ml A — — — “ —
B + 4- + v + +

AB + + + + +
. 1ml A — — — — —

B + + + + 4-

AB 4- 4- 4-/4- 4-

Control o5ml A, 4- 4- 4- 4- 4-
B .4- 4- 4- 4* 4-
0 4- 4- 4- 4- 4-
AB 4- 4- 4- 4- 4-

o 1ml A 4- 4- 4- 4- 4-
B 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4

B A . 5 ml A 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4

a 1ml A 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4
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Table 8 . Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell Antisefa Dilutions
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

• 5ml A 4 4 4
B - - -
0 4 4 4
AB 4 4 4

• 1ml A 4 4 4
B - - -
0 4 4 4
AB 4 4 4

Control «5ml

c 1ml

+  +
4- 4

4 4
4 4

A 4 4 4 4 4
B 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4
A 4 4 ' 4 4 4
B 4 4 4 .4 4
0 4 4 4 4 4
AB . 4 4 4 4 4

A o 5 ml A — — — — —
B 4 4 4 4 4
AB 4 4 4 4 4

«1ml A — v • — — — —
B 4 4 4 4 4

AB 4 4 4 4 4

B e 5 ml A — — — — —
B 4 4 4 4 4

AB 4 4 4 4 4
• 1ml A — — — — —

B 4 * 4 4 4 4
AB 4 4 4 4 4
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Table 8* Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell ' Antisefa Dilutions ‘
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

Control . 5 ml A + + ■ + + +
B + +  + + +
0 + + + + +
AB + +  +  + +

• 1ml A :+ + + + +
B + + + + +
0 + + + + .+
AB + + + + +

B A 5ml A + + + + +
0 + ' + + + ■+
AB + + ■ + 4- 4-

• 1ml A 4- 4- 4- 4* 4-
0 4 - 4 - 4  4 - 4 -
AB 4 4 4 4 4

B o5ml A 4 4 4 4 4
0 4 4 4 !4 4
AB 4 4 4 4 4

. 1ml A 4 4 4 4 4
0 4. 4 4 4 4
AB 4 4 4 4 4

• 5ml A 4 4 4 4 4
B 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4

• 1ml A. 4 4 4 4 4
B 4 4 4 4 4
0 4 4 4 4 4
AB 4 4 4 4 4
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Table 80 Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell =Antisera Dilutions
Day Group Control Coric. type : 1/2 1/5 1/10 1/20 1/60
5 A A e 5 ml A — — — — —

: b + + ' . + ■  ' +  . +

AB + ' + + + +
• 1ml A — — — ~ —

B +  ' + + + +

AB + + + 4- +

B

B

e 5ml A __ __ -

B
r\

+ 4- + 4 4
U
AB + 4- + 4 4

»lml A - - —- - - -

BA + 4- 4- 4 4
U

. AB + 4* 4- 4 . 4

• 5ml A + + 4* 4 4
B + 4* 4- 4 4
0 . + 4* 4- 4 4
AB + 4- 4- 4 4

• 1ml A ' + 4- 4- 4 4
B + 4- 4* 4 4
0 4* + 4* 4 4
AB 4- 4- 4 4 4

•  5ml A
T>

4- + . 4 4 4
JD

0 4- 4- 4 4 4
AB + + 4 4 4

•  1ml A
"D

+ + 4 4 4
JD

.0 4- 4- 4 4 4
AB + 4* 4 4 4



. 41
Table 8* Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell Antisera Dilutions
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

B .5ml A + + +■ + +

0 + + . + + ■ +
AB + '+ + + 4

. 1ml A -f + + 4 - 4 -

0 4- 4- 4- 4- 4-
AB 4- 4- + + +

Control .5ml

,1ml

A 4- + . + + 4-
B +' + +
0 + + + + +
AB 4- + + 4- +
A + 4- + + +■
B + + + + +
o_ + + 4- + +
AB + + + + +

A 4- + 4- —

Bn + + + 4- +
U
AB + + + 4*
A + + + + +
B + + + + +
0 + + + - -

AB + + 4- +

A + + + — —

B + + 4* 4*
0 + - - - -

AB 4- + + + +
A + 4- + + +
B + + + + 4-
0 + + 4- + +
AB ‘ + + + + +

, 5ml

, 1ml

B .5ml

,1ml
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Table 8. Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell 'Anti'sera. Dilutions
Day Group Control Cone. type 1/2 1/5 1/10 1/20 1/60

Control .5ml A + + 4- + +
B 4* 4- 4- 4- 4-
0 4- 4- 4- 4- 4-
AB 4- 4* 4- + . 4-

• 1ml A 4- 4- 4* 4- 4-
B 4- 4- 4- 4* 4-
0 4- 4* 4* 4- 4*

. . . . AB.....4-.+. . . + . . >  . 4-.
. 5ml A 4- + 4- 4* 4-

0 . 4- 4- 4* 4- 4-
AB 4- 4- 4- 4- 4-

. 1ml A 4- 4- 4- 4- 4-
B 4- — — — —
0 4- 4- 4- 4- 4-
AB 4- 4- 4 - 4 - 4 -

. 5ml A 4- 4- 4- 4- 4-
B 4- — — — —
0 4- 4- 4- 4- -f
AB 4- 4- 4- 4- 4-

. 1ml A 4- 4r 4- 4- 4-
B 4- 4- — — ~
0 4- 4- 4- 4- 4-
AB 4- 4* * 4- . 4- 4-

Control .5ml A 4- 4- 4- 4- 4-
B + 4 - 4 - 4 - 4 -
0 + + ’+ + + 
AB + + + + +

. 1ml A + + + + +
B + + + + +
.0 + + + + +
AB + + + + +

B A

B
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Table 8. Blood Grouping of Semen Samples Aged Outdoors- —  (Continued)

Blood Sample/ Cell Aritisefa Dilutions
Day Group Control‘ Cone; type 1/2 1/5 1/10 1/20 1/60
14 A A o 5ml A + + • + _ + 4-

B + + + + ■+
0 + + + . +  + 
AB + + ■ +  + +

• 1ml A + 4- 4* 4- 4-
B 4- 4- 4- 4- 4-
0 4- 4- 4* 4- 4-
AB + +  ' 4 - 4 - 4 -

B ■ • 5ml A 4- 4- 4* 4- 4-
B 4- 4- 4- 4- 4-
0 4- 4- 4- 4- 4-

. AB 4- 4- 4- 4- 4-
o 1ml A 4- 4- 4- 4- 4-

B 4- 4- 4- 4*. 4-
0 4- 4- 4- 4- 4-
AB 4 - 4 - 4 - 4 -  4-

Control - 5 ml A 4- 4- 4- 4- 4-
B 4- 4- 4- 4- 4-
0 4- 4- 4- 4- +
AB 4- 4- 4- 4- 4-

• 1ml A - 4- 4- 4- . 4- 4-
B 4- 4- 4- - 4- 4-
0 4- 4- 4- 4- 4-
AB 4- 4- 4- 4- 4-

B A .5ml A. 4- 4- + 4- 4-
B 4- 4- 4- 4- 4-
0 4- 4- 4- 4- 4-
AB 4- 4- + 4- 4-

o 1ml A 4- 4- 4- 4- 4-
B 4- 4- 4- 4- 4-
0 4- 4- -f 4- 4-
AB 4- 4- 4- 4- 4-
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Table 8. Blood Grouping of Semen Samples Aged Outdoors —  (Continued)

Blood Sample/ Cell Aritisefa Dilutions'
Day Group Control Cone. ' type 1/2 ̂ 1/5 1/10 1/20 1/60

o 5ml A 4- 4- + 4- +
B + + 4- 4- 4-
0 + 4- 4- 4* 4*
AB + + 4- 4* 4*

»lml A 4* 4- 4- 4- 4-
B 4- 4- + 4* 4-
0 + 4- 4- 4* 4*
AB + 4* 4- 4- 4-

.5ml A 4* 4- 4* 4* 4-
B 4* 4- " ' 4- 4- 4*
0 . 4- 4- 4- 4- 4-
AB 4* 4* 4* + 4-

-1ml A 4- 4- 4- 4* 4
B 4- 4* 4- 4- 4
0 4- 4- 4- 4- 4
AB 4- 4- 4- 4* 4
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Figure 1. Electrophoretic Pattern of Whole Semen after 5 Minutes.
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Figure 2. Electrophoretic Pattern of Whole Semen after 120 Minutes.



the degradation of protein species at various time intervals of whole 

fresh semen.

The results of the gel scans demonstrated a slow degradation 

and loss of some protein species over the two hour time period. 

However, most protein peaks were clearly resolvable at this time and 

■ further studies demonstrating the time limitations of this technique 

are still to be carried out.



DISCUSSION

Seminal Blood Grouping 

Currently the only literature discovered through reference 

searches on the topic of blood grouping seminal stains was published, 

in 1965,(12). This investigation, although similar in subject matter 

to this study, did not attempt to blood group seminal stains under 

natural conditions, such as off of bed sheets, nor did it attempt to 

quantify the semen being blood grouped other than to employ a Hgood 

stain the size of a fifty cent coin," nor did it incorporate controlled 

or paired stains and finally, to attempt to blood group more than a 

minimal number of stains. While some consideration was.given to the 

topic of blood grouping aged stains, no mention was made regarding 

experimental conditions or the quantity of semen being blood grouped. 

The study does, according to their results, confirm what is generally 

accepted, and that is that blood group specific substance is stable for 

periods of time in excess of 2 months»

Also evident from the literature searches is the fact that the 

absorption inhibition assay has long been established as an immuno

logical tool in fertility testing. If this procedure is regularly 

being employed and researched in crime laboratories the results are 

unpublished.

Other reasons for the assay not appearing in forensic research

literature could be due to the fact that it has been so well

established over and above the other available procedures for reasons
48
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previously enumerated, and the potential fact that some '.or a majority 

of the crime laboratories may not search for seminal stains with ultra

violet light and, consequently, attempt to blood group the eluate 

obtained.

In the past, it appears that the majority of forensic attention 

in rape cases has been devoted to the identification of spermatozoa, 

not the characterization of semen. Since spermatozoa are much more 

vulnerable to degradation through any number of ways, and the fact that 

they comprise such a small percentage of the total ejaculate, it is 

only logical that forensic scientists turn to what is more available 

in terms of physical evidence, and that being the seminal plasma.

The seminal plasma contains blood group specific substances 

that have been proven stable for extended periods of time, and even 

if they are absent, such as in the case of the non-secretor, a piece of 

valuable evidence has been collected to narrow the lists of possible 

suspects.

This particular investigation has not only confirmed its 

applicability in forensic serology but has surpassed what is currently 

the state of the art by not only establishing some investigated limits 

of detectability but by employing absorption inhibition to blood group 

evidence obtained from the out of doors.

During the study, several problems arose concerning some of 

the materials used in the blood grouping. First it was observed that 

in order to maintain the indicator red blood cells intact for an 

extended period of time, one had to monitor and maintain the proper pH
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between the albumin and red blood cells. Since on numerous occasions 

the red blood cells lysed, it was decided to purchase the bovine serum 

albumin rather than make it up separately. After the red blood cells 

were resuspended in commercial albumin3 it was observed’ that they would 

remain intact for as long as 30 days.

The other problem concerned the difficulty in working with

lectin-H antisera,for type 0 blood grouping. In grouping with this 

extracts it was observed that it appeared more sensitive to aging than 

the other typing antisera. Consequently, strict adherence was paid to 

expiration dates of the extract. In the establishment of the semen

concentrations to be blood grouped, it was decided to use two signifi

cantly different initial semen concentrations while maintaining equal 

and small quantities of the saline at both elutions. The selection of

0.1 ml and 0.5 ml was based on the assumption that in practicality a 

seminal stain would probably not be larger than 0.5 ml and could very

well be as small as 0.1 ml. As far as the quantity of saline used to

elute the stain, this quantity was selected on the. basis that crime lab 

personnel would most likely wish to use as little a quantity of saline

as possible to dilution and prevent the possibility of increasing

contamination of the suspect stain.

The selection of the final antisera dilutions was based upon 

-the results of several previous experiments in which it was observed 

that the 1/1 dilution was too concentrated and the 1/120 dilution was 

too weak to be reactive. 'Antisera dilutions out to 1/120 were used by 

another investigator with positive results (11). When agglutination
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was observed at the 1/1 antisera dilution and non-agglutination observed 

at the 1/120 dilution for each sample grouped3 including the controls, 

this was attributed to the phenomena of antibody excess and antigen 

excess,.respectively.

The indoor exposure results did show strong or more agglutina

tion at the 1/2 dilution, progressively decreasing in the number and , 

size of clumped red blood cells through the range of dilutions out to 

the 1/60 final dilution.

When a donor of blood group A was tested, non-agglutination 

was also observed in blood group 0. The explanation for this

phenomenon lies in the fact that blood group 0 is a genetic function of
/

the A blood group. Since both A and B blood groups are heritable 

co-dominant traits and are secondary, rather than primary, gene products, 

their expression is a function of their primary gene product which are 

transferase enzymes. The transferase enzyrries place the terminal immuno

dominant sugar unit in the al 3 glycosidic bond with the galactose 

unit of a trisaccharide, L-fructose- (%l.-*2-D-galactose - gl*^ 4-N-acetyl-D- 

galactosamine, H, until either group A (N-acetyl-D-galactosamine) or

group B (D-galactose) -is attached. Furthermore, the amount of A or B
• - •

that can be formed (and also the amount of H or 0 which is abolished) is 

a function of transferase efficiency: strong enzymes produce strong

group A or group B cell with little H or 0 /and vice versa. Agglutina

tion was observed among group AB cells with a group A donor because 

eventhough the group A cells have been inhibited from agglutination, 

there are still the group B cells remaining in the suspension. This
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same effect was observed with group B donors. Results from the indoor 

exposed eluates confirmed the work of other investigators in which it 

was observed that the group specific.substances remain stable for very 

long periods of time. The results from the outdoor exposures showed : 

that the technique could blood group eluates at 1, 3 and 5 days, 

completely. At day 7, agglutination was observed in almost all of the 

samples tested. The group A 0,5 ml samples showed inhibition in the 

weaker dilutions of type A and 0 antisera. The 0.1 ml samples showed

inhibition only in sample A In the last 2 dilutions of type 0 antisera.
\

The assay did, however, group correctly both samples in the 0.5 ml 

range. The response was weaker in both samples in 0.1 ml range. It is 

apparent from the day 7 eluates that antigen has been markedly lost, 

probably due to the cell surface antigens being washed from the pieces 

of sheet by the rains. It is also evident that the proper quantitative 

balance by maintained between antigen and antibody for inhibition to be 

observed, and consequently the stain to be correctly blood grouped. In 

the day 14, 28 and 35 eluates none of the blood group antigens could be 

detected. Even though the rainstorms were heavier during the first 7 

days of the: experiment, they continued past the 35 day samples. From 

the outdoor results*, it is strongly presumed that blood group antigen 

was progressively lost due to the rain. However, those results do not 

rule out the potential usefulness of this assay’s applicability in 

blood grouping evidence obtained from out of doors, since torrential 

rain storms are common only for 1 to 2 months in the southwestern 

United States. These results, if anything, do show that there is a 

chance of identifying a blood group if a seminal stain is found.
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To possibly improve upon the results obtained, various other 

techniques of extraction could be applied to the pieces of sheet, or ’ .

any other type of cloth material• Hueske reported on two separate 

techniques for the extraction of spermatozoa. His investigation con

cluded that a mechanical agitator used in combination with an 

ultrasonic cleaner yielded a higher number of intact spermatozoa than 

either technique used alone (15). Whether or not these techniques 

would produce a more complete elution of cell surface antigens is pure 

conjecture. However, since the antigens are considerably smaller than 

spermatozoa and are undoubtedly more difficult to remove from the 

fabric, it stands to reason that these extraction techniques would 

release more cell surface antigens than manual agitation, since they 

are probably more thorough.

In conclusion, a final modification would be to increase the 
number of initial concentrations of semen to be blood grouped as well 

as the number of samples at each concentration.

Electrophoresis of Seminal Plasma

The results of these experiments have confirmed by other 

investigators (6). The selection of the two hour time period 

divided into seven time intervals, was based upon two factors. The 
first factor arose from the thought that most, if not all, of the 
seminal proteins would be totally degraded by the last time interval, 

resulting in no discernible bands on the gels. The second factor was 

the thought that most physical evidence of this nature could possibly 

be collected within a 2 hour time period.
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Even though this study illustrated the loss of certain protein 

species and a possible decrease in quantity of those remaining, it 

did not show a complete loss of all possible species at the final time 

interval of 120 minutes. In Sensabaugh1s review he also sites the 

degradation and loss of proteins. However, according to his studies 

certain species are still present at 32 hours. His results also 

.illustrated the most significant change in protein banding occuring 

after 4 hours((6). This study, as well as Sensabaugh? s, conducted all 

incubations at 37°C, and according to Dr. Sensabaugh, the same 

degradative,.patterns..are-observed at 4°C.

The goals of this study were accomplished. An electrophoretic 

procedure for characterizing seminal plasma was learned and the results 

demonstrated that seminal proteins progressively degrade with time.

If one were to continue this research one should allow semen samples to 

incubate at least 32 hours, or if the original 2 hour time interval 

were to be used, it should probably be used to observe specific 

proteins rather than the entire spectrum. To conduct a more complete 

investigation one. should incorporate two further factors. First, if 

results were sought under natural conditions, degradative patterns 

should be conducted on vaginal aspirates, seminal cloth eluates as well 

as whole semen. Secondly, in order to state that a decrease in quantity 

of certain protein peaks occured, one whould establish a standard set 

of controls to make a comparison between test and control samples.
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Voluntary Consent to participate in Research Project

of
Semen and Blood Grouping 

for
An Immunological Assay for Research in Criminal Rape Cases

I ..................  do voluntarily agree with Thomas Davis
Participant’s name

as follows:

1) To participate in the/above study for scientific advancement in the 
detection of Criminal Rape

2) That the amount of blood used will be that resulting from a pin 
prick

3) That saliva, urine and/or sweat specimens may be collected by the 
participant.

4) That the semen shall be collected by the participant.
5) That the collections shall start one (1) day after abstinence, at

one (1) day intervals for a period of ten (10) days.
6) That the time involved for the participant is only that needed to 

effect the foregoing collections. I understand that the purpose 
and objectives is to investigate various immunological methods
for the determination of the blood group of human semen for use in
criminal investigations.

I further understand and it has been fully explained to me that the 
risks involved are only what could result from the pin price i.e. - 
bruise- discomfort infection, etc.

I also understand I am free to ask questions and receive answers and 
that I may withdraw from the study at any time without any ill will 
resulting therefrom.

I also understand that this consent form will be filed in an area 
designated by the Human Subjects Committee with access restricted to 
the principal investigator or authorized representatives of the 
particular department. I have not been promised nor do I expect any 
rewards whatsoever.

Participant Signature Date

Witness Date
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T H E  U N I V E R S I T Y  O F  A R I Z O N A
T U C S O N ,  A R I Z O N A  8 5 7 2 4

. H U M A N  S U B J E C T S  C O M M I T T E E  
ARIZO NA HEALTH SCIENCES CENTER 2J05

September 5, 1978

Richard C. Froede, M.D.
Department of Pathology
College of Medicine
Arizona Health Sciences Center

Dear Dr. Froede:

I have reviewed your project entitled, "Blood Grouping of Human Semen," 
which was submitted to the Human Subjects Committee and concur in the 
opinion of the Departmental Review Committee that this is a minimal 
risk project. Therefore, administrative approval is granted effective 
September 5, 1978, with the understanding that no changes will be made 
in the procedures followed or consent form used (copies of which we 
have on file) without the knowledge and approval of the Human Subjects 
Committee and the Departmental Review Committee. Any physical or 
psychological harm to any subject must also be reported to each committee.

A university-wide policy requires that all signed consent forms be kept 
in a permanent file in the Departmental Office to assure their access
ibility in the event that university officials need the information and 
the principal investigator is no longer on the staff or unavailable for 
some other reason.

Sincerely yours,

Milan Novak, M.D., Ph.D. 
Chairman
Human Subjects Committee 

MN:pd

xc: Kenneth J. Ryan, M.D.
Departmental Review Committee
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