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The hypothetical considerations that led to the dis- 
covery of red-fluorescent material on the cervix of the 
uterus and other parts of the genitalia of women have 
been stated previously (3, 4, 8). Since the property 
of red fluorescence is not limited to porphyrins, an 
attempt has been made to extract and identify the 
red-fluorescent substances to ascertain whether or not 
the red-fluorescent material contained porphyrins, and, 
if so, which ones. It was found  that the various 
types of genital cxudates contained protoporphyrin 
9, mesoporphyrin 9, deuteroporphyrin 9, and copro- 
porphyrin. While  this analysis indicates that the red- 
fluorescent material was derived from decomposed 
blood, none of the sources that had been postulated (8) 
could be excluded. The fact that protoporphyrin 9 
and coproporphyrins were found was of interest be- 
cause animals that exhibit a high susceptibility to 
spontaneous and induced cancer excrete these por- 
phyrins throughout  most of their life span (4).  

Watson was tried and used for most of the extrac- 
tions (6).  The  porphyrins removed by these solvents 
were extracted with HCI solutions and purified by 
driving the porphyrins back and forth between aque- 
ous HC1 solutions and ether in the usual manner.  

Finally, the various porphyrins in purified por- 
phyrin mixtures were separated by repeated fractional 
separation from ether according to their different HCI 
numbers, each of the various porphyrin fractions so 
isolated was finally extracted from ether with 25 per 
cent I-IC1, and the absorption bands were determined 
with a spectrometer." The various fractions were also 
tested for solubility in chloroform and 20 per cent 
NaOH.  No attempt was made to determine the ab- 
solute amounts of the various porphyrins isolated, 
since the starting material could not be collected in a 
quantitative way. The relative amounts of the por- 
phyrins from a given source were estimated by com- 
parative fluorometry. 

METHODS AND MATERIAL 

Red-fluorescent exudates were collected from the 
several sources in different ways. The red-fluorescent 
material on the cervix of the uterus and in the fornix 
of the vagina was removed on cotton swabs (8) ;  
see Plate I, Fig. 1, of paper II. Cotton pledgets 
were used to collect red-fluorescent material from the 
region of the clitoris and vulva. The  pads used to 
absorb lochia were obtained from the obstetrical de- 
partment. 1 The  red-fluorescent ones were selected by 
examination in near-ultraviolet light and the red- 
fluorescent areas of the lochia pads were cut out and 
extracted. A smaller number of nonfluorescent pads 
were cut up and extracted in a similar manner.  

At first, Fischer's acetic acid extraction as modified 
by Dobriner was followed (2, 5). Later, the ethyl- 
acetate acetic acid method as outlined by Grinstein- 
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1 We are indebted to the Department o]: Obstetrics in the 
University Hospital ]:or the collection o]: these pads. 

RESULTS 

The red fluorescence in all the exudates examined 
was related to the presence of porphyrins. Protopor- 
phyrin 9 and coproporphyrin were found in variable 
amounts in all the exudates extracted. In addition, 
mesoporphyrin or deuteroporphyrin or both were 
found in some of the exudates (Tables I and II) .  

Most of the porphyrins from cervico-vaginal exu- 
dates were extracted from ether with 0.2 per cent 
HCI and 0.6 per cent HCI. The absorption bands for 
the 0.2 per cent HCI extract (Table I)  indicated that  
this was mainly coproporphyrin. Not  enough could 
be obtained to determine melt ing points so that identi- 
fication of the type of coproporphyrin was not possible. 
The porphyrins in the 0.2 per cent HC1 fraction were 
soluble in 20 per cent N a O H  and insoluble in chloro- 
form. The fact that 42 per cent of the porphyrins 
from the cervical swabs was coproporphyrin makes it 

We are indebted to Dr. H. B. Wylie, o]: the Department of 
Biochemistry, for use of the spectrometer. 
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appear probable that some of this or all was copro- 
porphyrin type III derived from heme or protopor- 
phyrin 9. The absorption bands of the material ex- 
tracted from ether with 0.6 per cent HCI in some 
cases corresponded closely to the known absorption 
bands of mesoporphyrin; in other cases, to those of 
deuteroporphyrin. In most cases the absorption bands 
indicated a mixture of mesoporphyrin and deuteropor- 
phyrin. Some of both of these porphyrins would have 
been extracted with this concentration of HC1. Both 
were probably present in varying ratios in this fraction, 
which contained 53 per cent of the total porphyrin. 

be identified. It was most abundant in 1 per cent HCI 
extracts and was regarded as a decomposition product 
of protoporphyrin that formed when the isolation and 
identification procedures required a long time (2 to 4 
weeks). The absorption bands in 25 per cent HC1 
were between those of protoporphyrin and hematopor- 
phyrin. 

The material removed from the clitoris and labial 
folcls did not yield a sufficient amount of porphyrin 
for its type to be identified. The absorption bands of 
the initial extract were faint, but indicated that por- 
phyrins were present. The porphyrins present in this 

TABLE I: COMPARISON OF MAIN ABSORPTION BANDS 

GENITAL EXUDATES XVITH THE ABSORPTION }:{ANDS OF KNOWN PORPHYRINS 

OF THE PORPHYRINS I."OLATED FROM RED-FLUORESCENT 

Solubility Diagnosis 

Soluble in Coproporphyrin 
20% NaOH " 

Soluble in 
20% NaOH 

Insoluble in 
20% NaOH 

Insoluble in 
20% NaOH 

Insoluble in 
20% NaOH" 

soluble in 
chloroform 

% IICI used to Main absorption bands, 
Source of or type extract from millimicrons, solvent 

of porphyrin ether 25% HCI 

Cervix 0.1 591.0 548.5 
Cervix 0.1 " 591.2 549.0 
Cerv ix 0.2 591.0 549.0 
Lochia 0.2 591.0 550.0 

Coproporphyrin I [).08 592.2 548.7"F 
K n o w n  values III [).09 593.6 550.2~S 

Cervix 0.6 591.0 572.0 548.4 
Cervix 0.6 591.2 549.0 
Cervix 0.6 593.2 550.2 
Lochia 0.6 592.8 570.0 550.4 
Lochia 0.6 592.9 550.0 

Mesoporphyrin 0.5 593.0 572.4 550.7"F 
l )eu teroporphyrin 0.4 591.5 548.5"F 
K n o w n  values 591.0 548.0"~S 

Cervix 2.0 600.8 555.0 
Cervix 5.0 602.0 556.0 
Lochia 5.0 602.8 557.3 
Lochia 5.0 602.0 582.5 557.0 

Protoporphyrin 2 602.4 582.2 557.2"F 
K n o w n  values 

F--Fischer's  values. 
t S- -Sehumm's  values. 

Deuteroporphyrin 
Mesoporphyrin 
Mixtures 

Protoporphyrin 

Only 5 per cent of the total porphyrin from the vagina 
and cervix was protoporphyrin. However, enough of 
this was obtained to determine 2 absorption bands. 
The wave lengths absorbed corresponded closely to 
the 2 main absorption bands of protoporphyrin. This 
material could be extracted from 5 per cent HC1 solu- 
tions with chloroform. 

The red-fluorescent material from lochia was frac- 
tionated according to the same plan as that outlined 
for the material collected on vaginal swabs. The same 
types of porphyrins as those recovered from cervical 
swabs were found, but there was a much higher per- 
centage of protoporphyrin in lochia. The relative 
amount of the various porphyrins found in each type 
of exudate is listed in Table II. 

Another porphyrin appeared to be present in lochia 
as well as in rnaterial from the cervix, but it could not 

extract showed differential solubility in different con- 
centrations of HC1 but could not be further identified. 

TABLt- II: RELATIVE AMOUNTS OF PORPHYRINS PRESENT IN 

R ED-12LUORI-~SC ENT EXUDATES 

Exudate fron~ 
cervix and 

vagina, Lochia, 
Type of porphyrin per cent per cent 

Protoporphyrin 9 5 45 
Mesoporphyrin and dcuteroporphyiin 53 18 
Coproporphyrin 42 37 

DISCUSSION 

Hauser (7) ,  in 1929, had observed the red fluores- 
cence of the external genitalia of women while rou- 
tinely examining hospital patients in ultraviolet light. 
He did not examine the cervix of the uterus and was 
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unable to collect enough of the material from the 
external genital organs to determine the absorption 
bands. He found the fluorescent substances to be 
soluble in HC1 ethyl or methyl alcohol, but insoluble 
in water, alcohol, chloroform, or ether. The por- 
phyrins that we (8) ourselves collected were in most 
cases soluble in the latter solvents. 

Hauser was able to show that the red-fluorescent 
material had a photosensitizing effect on paramecia, 
which indicated that some porphyrin might have been 
present. Since he observed the red-fluorescent material 
only after genital bleeding, he also postulated its origin 
from blood. After painting blood on female external 
genitalia that did not fluoresce red he noted the 
development of the red-fluorescent material in some 
instances. This origin of the porphyrin from the blood 
agrees with the well-known fact that certain bacteria 
have the ability to produce protoporphyrin from 
blood (5, 9). 

While Hauser's data, as well as most of our own, 
indicate an origin of the porphyrin from blood by 
bacterial and/or  histolytic degradation, other mecha- 
nisms may also be involved. The frequent occurrence 
of red-fluorescent material on the corona, frenulum, 
and prepuce of uncircumsized men was not compatible 
with the concept that these porphyrins were derived 
from extravasated blood. If the presence of porphyrins 
on the cervix proves to be related to the bacterial deg- 
radation of blood in this semi-anaerobic environment, 
then according to the hypothesis set forth the bacteria 
involved would play an indirect etiological role in the 
development of carcinoma of the cervix. By a process 
of degradation of the menstrual, lochial, or menor- 
rhagic blood that occurs frequently and abundantly 
in the human subject, these organisms produce pot- 
phyrins that, by acting intermittently and over a long 
time, may hypersensitize the cervical cells to the action 
of estrogenic or carcinogenic substances. 

The data on the occurrence and physiological action 
of the four porphyrins found have been abstracted 
(15). The following facts appear to be pertinent. 
Mesoporphyrin has a stronger photodynamic action on 
paramecia than the otherwise more toxic hematopor- 
phyrin. It occurs in small amounts in oil shale, asphalt, 
paraffin oil, and wax. In these instances it usually ac- 
companies mesoetioporphyrin and certain chlorophyl 
decomposition products. It has been prepared by re- 
ducing protoporphyrin and hematin. Deuteropor- 
phyrin 9 has been found in small amounts in human 
feces, especially when the diet contained blood or 
when there was bleeding from the stomach. It is 
regarded as a decomposition product of blood in the 
gastrointestinal tract. It also forms in blood that is 
permitted to decompose in vi'tro. 

Coproporphyrins have no photosensitizing influence. 
They are found in abundance in the feces as well as 
in the urine of patients with porphyria and after lead 
and sulfonal poisoning. Coproporphyrin I is normally 
present in the serum of many animals and in the 
human subject. It is increased in pernicious anemia 
and kidney diseases, and is frequently present, together 
with protoporphyrin, in human saliva, in the substantia 
alba on the teeth and gums, and in the openings of 
the sebaceous glands in certain areas. Many yeasts 
manufacture coproporphyrin I and it is found in 
asparagus, potatoes, cow's milk, hen's eggs, and many 
vegetable and animal cells; it has been demonstrated 
also in cultures of tubercle and diphtheria bacilli. 

Protoporphyrin 9 has no photosensitizing action 
in the human subject or other mammals, but alcoholic 
solutions have a very potent sensitizing effect 
in paramecia. Protoporphyrin is found in small 
amounts in human feces together with coproporphyrin 
I, especially after t h e  ingestion of blood-containing 
food, and after gastrointestinal bleeding. When air 
is excluded from decomposing blood or hemoglobin, 
protoporphyrin is formed. This occurs also in de- 
composing muscle and other organs such as heart, 
liver, spleen, lung, and uterus. The sterile autolysis 
of meat gives rise to large amounts of protoporphyrin. 
It has been produced by the inoculation of blood cul- 
ture media with fecal material or bacteria from 
gangrenous tissues. The postulated origin of these 
porphyrins from blood is thus justifiable. 

Mesoporphyrin is the only one of the porphyrins 
isolated that has a strong photosensitizing action. The 
potency of the various porphyrins to sensitize cells to 
carcinogenic stimuli may parallel the tendency to sensi- 
tize cells to light, but there is no evidence to show that 
this is the case. Biingeler (1) has demonstrated, how- 
ever, that substances "with a photosensitizing action 
increase the sensitivity of mice to cancer induced by 
light. 

SUMMARY 

The red-fluorescent material observed on the geni- 
talia of women was collected, extracted, and identified. 
The data on the solubility and spectral absorption 
showed conclusively that the red fluorescence was 
related to the presence of porphyrins. Most of the 
porphyrin removed from the cervix was a mixture of 
mesoporphyrin, deuteroporphyrin 9, and copropor- 
phyrin (probably type III); only 5 per cent was proto- 
porphyrin 9. Most of the porphyrin in the lochia was 
found to be coproporphyrin (probably type III). Only 
a relatively small amount of mesoporphyrin and 
deuteroporphyrin was present in lochia; about half 
of the porphyrin in lochia was protoporphyrin 9. 
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The definite spectroscopic identification of protopor- 
phyrin and other porphyrins in the exudates removed 
from the region of the uterine cervix in women lends 
support to the hypothesis that porphyrins may sensitize 
cells to carcinogenic stimuli. 
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