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ABSTRACT 

Algae are ubiquitous and consequently have been 

identified in habitats occupied by man. Allergies to 

specific algae have been identified in man. It was 

recognized that while a health problem exists in humanst 

no laboratory animal model existed that permitted 

detailed studies of this specific problem. To this end, an 

extract was prepared from an alga that not only has been 

identified as an allergen but is also commonly found in most 

habitats—Chlorella pyrenoidosa. Since humans commonly come 

in contact with this alga as an air-borne agent, respiratory 

tissue sensitization of laboratory animals was undertaken. 

Guinea pigs were rendered allergic to an extract of 

the Chlorella pyrenoidosa. The animals were sensitized via 

aerosol exposure to the algal extract. Fourteen days later 

aerosol challenge elicited a minor respiratory response in a 

few of the animals. Skin testing, however, elicited im

mediate wheal and flare which subsided within 24 hours in 

all of the experimental animals. Intravenous challenge 

produced an anaphylactic reaction leading to death within 

four minutes. The antibody could not be demonstrated .via 

ring precipitation tests or Immunoelectrophoresis. However, 

sensitivity could be transferred via the serum of the 

sensitized animals to unsensitized animals. Forty-eight 

viii 
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hours after receiving an intraperitoneal injection of the 

serum from sensitized animals, the recipient animals 

reacted positively to skin testing. The results of these 

tests indicate that a humoral antibody specifically directed 

toward the algal antigen was present. This is consistent 

with the pattern seen in man. 



INTRODUCTION 

Algae are found in fresh and salt water bodies. 

Streams and ponds are often teeming with a wide variety of 

these microscopic unicellular plants. In addition to these 

obvious sources of algae, any moist environment such as roof 

tops that collect and hold water, evaporative air coolers, 

and moist soil is capable of supporting algal growth. From 

these sources algae become air-borne. As air-borne agents, 

algae come in direct contact with far more people than if 

they remained in the original environment in which they grew. 

Air-borne algae have been collected and identified 

in all parts of the world. Schlichting (1) reported that 

samples of dust collected at sea by Ehrenberg in 1844 con

tained algae. Brown, Larson, and Bold (2) discuss Van 

Overeem's 1937 work in which Van Overeem used aircraft to 

collect algae over the Netherlands. Gregory, Hamilton, and 

Sreeramulu (3) demonstrated and reported the occurrences of 

algae in the air over England in 1955. In 1964 and 1969, 

Schlichting (1, 4) detected the presence of algae in the 

air over the United States. Luty and Hoshaw (5) identified 

air-borne algae at the site of this study, arid Tucson, 

Arizona, in 1967. In short, it can be said that air-borne 

algae are ubiquitous. 

1 
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With the diversity of locations in which air-borne 

algae are found, it is interesting to note the diversity of 

the algae themselves. Four divisions have been identified 

as contributing to air-borne algae: Chlorophyta, Cyanophyta, 

Chrysophyta, and Bacillariophyta. 

In eight years of sampling (1956-1967), Schlichting 

(4) reported that he never found more than eight algal cells 

per cubic foot in the atmosphere over Michigan, Texas, or 

North Carolina. He pointed out that even at this concentra

tion, a man at rest could inhale 240 algae cells per hour or 

2,000 cells per day. McGovern, McElhenney, and Brown (6) 

observed, on occasion, algal counts as high as 3,000 per 

cubic meter in the atmosphere over Texas. These researchers 

also found that during periods of high surface winds, algal 

counts exceeded those of fungi or pollen. Conversely, when 

the surface wind velocity is low, algal counts are below 

those of fungi or pollen. However, McGovern et al. (6) 

found algae to be present in the atmosphere of 21 states at 

all times except after a rain when the air had been washed 

clean of most particulate matter. 

Even the more confined environment of a residential 

dwelling has been shown to harbor algae. Bernstein and 

Safferman (7) identified algae in house dust as well as in 

commercially prepared house dust allergenic extracts. They 

found that samples of house dust contained members of three 

divisions: Chlorophyta, Cyanophyta, and Bacillariophyta; 
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the commercial allergenic products contained Chlorophyta, 

and Cyanophyta. The Chlorophyta were represented by 

Chlorella, Chlorococcum, and Stichococcus, while the Cyano

phyta were represented by Anabaena and Schizothrix. 

Knowing that commercial house dust contains algae and 

that humans are allergic to commercial house dust, it can 

be inferred that some humans may be allergic to algae. 

Humans can be allergic to many materials, a few of which are 

grass, pollens, dander, feathers, eggs, milk, and chocolate. 

Such materials are referred to as antigens in that an anti

gen is generally considered to be a material that elicits an 

immunological response in the organism with which it comes 

in contact. The antigen also reacts with the antibody pro

duced in some measurable manner (8). In some cases, the 

antigen antibody response that occurs in the organism is 

detrimental to the organism and is called allergy. 

Algae have been implicated directly as allergens in 

humans. In 1949, Heise (9) was able to prepare an antigen 

from algae growing in a lake in Waukesha County, Wisconsin. 

This antigen elicited positive skin tests in two individuals, 

one of whom had a history of hay fever while the other did 

not; and, in fact, was negative upon skin testing for pollen 

allergy. Both individuals, however, developed symptoms of 

hay fever upon swimming in lakes in Waukesha County, and the 

antigen was effectively used to treat the allergic condi

tion . 
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In 1951, Heise (10) proposed that two families of 

Myxophyceae (blue-green algae) contained similar antigens. 

Ten individuals previously shown to be allergic to Oscilla-

toriaceae were skin tested intradermally with both Micro

cystis and Oscillatoriaceae. While the antigens were both 

said to have been diluted from 1:1000 to 1:100,000 and had 

produced identical positive results, he made no comment re

garding the degree or type of response to the dosage. A 

control group of 50 individuals failed to react to either 

antigen. 

Species of Myxophyceae were found to be the cause 

of contact dermatitis by Cohen and Rief (11). Phycocyanin, 

the blue pigment found in Anabaena, produced allergic con

tact dermatitis in one individual, but the observers saw no 

delayed hypersensitivity when identical patch tests were 

performed on 2 5 control subjects. 

In 1962, McElhenney et al. (12) studied the problem 

of exacerbation of symptoms in individuals with known pollen 

and/or other inhalant sensitivities, following a high wind. 

They postulated that the exacerbation of symptoms might be 

due to one of the following conditions: an increase in 

pollen or mold exposure, primary irritating or drying 

effects of the wind, temperature changes, barometric pres

sure changes, or other previously unrecognized air-borne 

allergens. With the idea that other previously unrecognized 

air-borne allergens might be the causative agent, they 
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studied strains of four green algae: Neochloris, Chloro-

sarcinopsis, Bracteacoccus, and Hormidium. 

Extracts of the algae were prepared and injected 

intracutaneously into 20 non-allergic human subjects used as 

controls, none of whom showed a reaction to any of the four 

algal-extracts. Of the 120 allergic individuals tested, 98 

showed a positive reaction to one or more of the algae, and 

2 2 individuals showed no reaction to any of the four algae. 

Of those individuals who had a positive response, 20 reacted 

to one of the four strains of algae, 34 to two strains, 34 

to three, and ten reacted to all four strains of algae. 

Based on these findings, the researchers were led to 

believe that air-borne algae were probably allergenic in 

nature. Their review of medical literature led them to 

believe that theirs was the first reported study showing 

air-borne algae to be a cause of inhalant allergenic sensi

tivity . 

In 1965, McGovern et al. (6) discussed sampling 

procedures for air-borne algae. They pointed out that 

further research should involve culture techniques, algal 

antigen extraction methods, use of purified algal extracts 

for direct and indirect testing of individuals, development 

of laboratory models utilizing animals and correlating 

laboratory models to humans. 

The following year, McGovern, Haywood, and McElhenney 

(13) reported results of control testing of individuals of 
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all ages with extracts from Hormidium, Bracteacoccus, 

Tetracystis A., and Tetracystis I.; and studied immediate 

skin reactivity and multiple correlation of age, sex, 

allergic disease, degree of reaction to algal extracts, and 

degree of reactions to known inhalant allergens. When the 

algae were injected intradermally into allergic individuals, 

immediate wheal and flare was observed. There was a linear 

relationship of reactivity at the three-plus test reaction 

level to increased algal extract concentrations. While the 

four species of algae were able to produce skin reactions, 

no cross-antigenicity was demonstrated. Hormidium and 

Bracteacoccus skin tests demonstrated no relationship between 

the age of the subject and the skin reaction observed. Both 

Tetracystis species showed a significant negative correla

tion to age and immediate skin reactivity. Some of the 

allergic individuals who demonstrated skin reactions to 

Hormidium also has hemagglutinating antibodies to Hormidium. 

It was also seen that passive transfer of antibodies specific 

for the algal antigen was possible from individuals with 

sensitivity to Hormidium 

On the basis of common occurrence in air, water, and 

soil samples, algae from the order Chlorococcales were in

vestigated by Bernstein and Safferman (14) in 1966 as 

possible sources of respiratory allergens. Strains of six 

algal species were used to obtain the extracts for the 

study; they were Chlorella vulgaris, Chlorella pyrenoidosa, 
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Chlorococcum botryoides, Chlorococcum macrostigmatum, Scene-

desmus basilenis, and Ankistrodesmus falcatus. The 79 individ

uals selected for use in the study were previously diagnosed 

as having extrinsic allergic disease; i.e., allergic rhinitis 

and asthma. A control group of 26 individuals presented 

negative family and personal histories of allergies. 

The researchers observed positive skin reactions in 

47 of the 79 atopic individuals for one or more of the algal 

antigens but observed no positive skin reactions in the 

control group. Eight individuals with marked cutaneous 

reactions to Chloreila vulgaris extract were studied for 

passive transfer antibodies. In six of the eight individ

uals, skin-sensitizing antibodies were passively transferred. 

When sera from these individuals were tested for precipita

ting antibodies, the results were negative. The fact that 

skin tests showed evidence of antibody presence while pre

cipitation tests did not was attributed to two factors. 

One, the antibody concentration was most likely low, as is 

the case with most reagenic antibodies; and two, there was a 

difference in sensitivity between skin testing and antibody 

precipitation tests. The skin test is capable of detecting 

about 0.001 microgram (pg) of antibody nitrogen per milli

liter (ml) of serum while precipitation tests detect anti

body nitrogen in the 3 to 15 yg per ml of serum range. 

Therefore, a much higher antibody concentration is necessary 

before the precipitation antibody tests are positive. For 
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direct bronchial mucosal tests, they selected from the 

larger group of 79 study subjects eight allergic individuals 

with a history of asthma and a marked cutaneous reaction to 

Chlorella vulgaris. When aerolized extracts of Chlorella 

vulgaris were used for bronchial provocation, five of the 

eight individuals responded positively with immediate hyper

sensitivity demonstrated by a decrease in peak expiratory 

flow rate and observable wheezing. On the basis of these 

findings, the researchers thought that positive skin tests 

to green algae were immunologically significant and that 

green algae may represent antigens responsible for human 

respiratory allergies. 

Hosen (15) in 1968, investigated lake algae as 

specific allergens in respiratory allergy via intradermal 

skin tests, provocative subcutaneous skin tests, and nasal 

provocative tests. This information he then utilized in de

sensitizing the individuals allergic to the algae. His 

findings indicated that subcutaneous skin tests and nasal 

challenge were of more diagnostic help than intradermal 

tests. In this study he concluded that nasal challenge was 

88.8 per cent accurate as a diagnostic tool. Using nasal 

challenge on the individuals in this study, 4 per cent 

responded to Spirogyra. 

Also in 1968 Lunceford (16) studied algae as aller

gens. She found that 44.8 per cent of the atopic individ

uals tested by nasal challenge showed a positive reaction to 
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Spirogyra. The technique involved placing material on a 

wooden toothpick, and instructing the subjects to sniff the 

toothpick. Following this nasal challenge, those indi

viduals allergic to the algae elicited a wide variety of 

symptoms which included itching of the throat, ears, eyes, 

nose, and skin; sneezing; tight chest; asthma; post nasal 

drip; drowsiness; conjunctivitis; burning of the nose; nasal 

blockage; urticaria? hives; rhinitis; and coughing. 

Lunceford concluded that air-borne algae can act as an 

antigen in producing allergic responses. 

McElhenney and McGovern (17) discussed in their 1970 

study actinomycetes, myxomycetes, and algae as possible 

causes of inhalation allergy. Air-borne algae were collected 

and an extract of such algae was prepared. Intradermal 

testing of allergic subjects with this extract resulted in 

positive skin tests. The investigators concluded that air

borne algae are indeed responsible for allergic symptoms 

observed in some individuals. 

The following year, 1971, six cases of allergic 

reactions to green algae were reported by Champion (18). He 

felt that air-borne algae were responsible for more allergic 

symptoms in individuals that is generally recognized. 

A Russian group composed of Pukhova, Okladnikov, 

and Lyubetskaya (19) studied the effects of algae on one 

test subject in a closed biological life-support system of 

the type that might be used in prolonged space travel. In 
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this 1972 study the researchers found that this one man and 

Chlorella were biologically compatible. No sensitization to 

the Chlorella was thought to have occurred. 

In 1973 Bernstein and Safferman (20) turned their 

attention to Chlorella as an antigenic substance. Their 

previous work (7, 14) indicated to them that a model system 

to explore house dust as a source of both exposure and 

clinical sensitivity to algae would be valuable. Human sub

jects with allergies were selected for the experimental 

group and a non-allergenic group of individuals were 

selected for the control group. Intact Chlorella cells were 

used in nasal challenge tests. The control group showed no 

response to the nasal challenge. The allergic group of 

individuals showed a decrease in nasal patency as measured 

by a rhinorheometer. Further, there was general correlation 

between the degree of skin sensitization the individual ex

hibited and the extent of the decrease in nasal patency. 

The correlation between a positive Chlorella-induced leuko

cyte histamine release and a decrease in nasal patency was 

established to support the nasal test. Rat peritoneal mast 

cell cytopathy following challenge by Chlorella was found to 

correlate with a decreased nasal patency. A correlation 

between Chlorella-induced histamine release and skin re

activity to house dust as well as correlation between 

Chlorella-and-dust-induced leukocyte release indicated to 
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the investigators that algae may be an allergenic component 

in house dust. 

Though evidence exists that air-borne algae are 

responsible for respiratory allergies in humans, little 

evidence exists for cross-reactivity between different 

algae. In 1969 Bernstein, Villacorte, and Safferman (21) 

looked at cross-reactivity between six strains of green 

algae using experimental animals for their study. Rabbits 

were injected with Chlorella vulgaris, Chlorella pyrenoidosa, 

Chlorococcum botryoides, Chlorococcum macrostigmatum, 

Scenedesmus basilensis, and Ankistrodesmus falcatus to pro

duce the appropriate antisera. Then immunological studies 

were undertaken to determine the cross-reactivity to the 

algal antigens. The studies done were hemagglutination, 

double-gel diffusion, fluorescent antibodies, passive 

cutaneous anaphylaxis in guinea pigs, and the hemolytic 

effects of algal extracts on the red blood cells of rabbits, 

sheep, and humans. All antisera, containing an antibody 

specifically directed against one algal extract, were placed 

in contact with all of the other algal extracts to study 

cross-reactivity. When cross-reactivity was studied by gel 

diffusion and direct passive cutaneous anaphylaxis tests, a 

pattern of cross-reactivity was observed. Even more cross-

reactivity was evident when cross-reactivity was studied by 

passive cutaneous anaphylaxis and hemagglutination-

inhibition tests. 
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In summary, air-borne algae are ubiquitous. No one 

genus is representative of the air-borne algae; rather many 

different genera have been collected as air-borne algae. 

Air-borne algae have been implicated as a cause of human 

respiratory allergic disease. Little evidence exists as to 

the cross-reactivity between algae, though the work with 

animals other than humans indicates that such cross-

reactivity might exist. Finally, the bulk of the research 

reported in the literature involved the use of human sub

jects; hence, being subject to many variables such as dif

ferent ages, genetic backgrounds, environmental conditions, 

diets, and psychological stresses. Very little research has 

involved laboratory animals. 

Non-human animal research has the advantage of 

allowing the experimenter to control most of the variables. 

Animals of the same genetic background, the same age, housed 

in the same environment and fed the same diet are a distinct 

advantage when studying responses to antigens. Variations 

between animals and, therefore, their responses are greatly 

reduced. In addition, the animals can be exposed to the 

same antigen in the same manner at the same time; and the 

route of sensitization and challenge as well as the duration 

of exposure can be controlled. None of the animal research 

has been directed toward developing an animal system com

prised of an animal species presenting signs and symptoms of 

immediate hypersensitivity due to a specific algae. In 
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addition, what little animal research has been done has in

volved injecting the material into the animals. Humans 

normally come in contact with air-borne algae via their 

respiratory passages—they breathe air containing air-borne 

algae. In the following experiments the design was directed 

toward producing an animal system sensitized to air-borne 

algae via the same route of sensitization as in the human. 

This study used a special closed environment that approxi

mated the conditions by which humans most commonly come in 

contact with algae. The experimental animals were placed in 

a chamber with controlled air flow. Aerolized algal extract 

was admitted to this chamber under regulated conditions 

which permitted direct respiratory tissue exposure to rela

tively high concentrations of algae. 

Animal studies relative to allergy have the ad

vantage of being more controlled than human studies, and 

air-borne sensitization is the natural or normal route of 

contact to air-borne algae. It then follows that an animal 

rendered allergic to air-borne algae via respiratory 

challenge from an aerosol would be of value for studies of 

immediate hypersensitivity. 



METHODS AND MATERIALS 

The main goal of this study was to produce an animal 

model that not only duplicated the reaction seen in humans, 

but that was also sensitive to an allergen known to affect 

humans. To this end an animal was selected and an algal 

extract prepared. Methods were undertaken to demonstrate 

the allergic nature of the algal extract. Respiratory 

tissue was utilized as the route of sensitization while 

respiratory, intradermal, and intravenous routes were used 

for challenge. Passive transfer and migration inhibition 

factor tests provided information relative to the antibody 

produced in the animals. 

Animals 

The animals used in this study were 2 50-300 gram 

(gm) female HLA-guinea pigs of the Hartley strain, obtained 

from Hilltop Lab Animals in Chatsworth, California. 

Guinea pigs were selected for this study because of 

the sensitivity of this animal's respiratory tissue to im

mediate hypersensitivity (8). In this animal the smooth 

muscles of the bronchi contract producing signs of asphyxia

tion. In cases of mild type one allergy, the animal will 

have a respiratory wheeze, become restless, and rub its nose 

and ears. If the reaction is more severe the animal suffers 

14 
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dyspnea, convulsions, and death. In other animals, other 

organs appear to be primarily affected by immediate hyper

sensitivity, especially type one immediate hypersensitivity. 

For example, in the dog the liver becomes congested due to 

smooth muscle contraction of the hepatic veins. In the 

rabbit the pulmonary veins constrict and the animal suffers 

severe right heart failure. Since an air-borne antigen was 

to be presented to the animal, the animal chosen for study 

was one whose respiratory passages are thought to be the 

most responsive to immediate hypersensitivity--the guinea 

pig. The animals were maintained on standard commercial 

guinea pig chow supplemented with fresh cabbage and housed 

in the animal quarters of the Department of Biological 

Sciences under conditions approved by the Laboratory Animal 

Committee of The University of Arizona. 

Algae Extract Preparation 

Chlorella pryenoidosa was selected as the potential 

antigen in this study because it is an alga that has been 

identified in human habitats and in extracts used for the 

diagnosis of allergies. It was also used in conjunction 

with laboratory animal research on one occasion. These 

facts would suggest that this organism would be an ideal 

candidate for further study of allergic responses to it. 

Chlorella pyrenoidosa was obtained from The University of 

Indiana's culture collection (I.U.1633). Stock cultures of 
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the Chlorella pyrenoidosa are normally kept in growth 

chambers designed specifically for maintaining such cultures. 

Under these conditions a growth period of two to three 

months was required for these cultures to reach the point 

where harvesting them was productive. It was necessary to 

harvest 10 to 15 liters of culture fluid to obtain suffi

cient algal cells to produce 15 to 25 ml of algal extract 

of appropriate concentration. Because of the quantities of 

algal cells required, specific procedures were developed 

for growing and harvesting large amounts of algae. 

The Chlorella was grown both in 2 1 flasks and in 

250 ml flasks 20 centimeters (cm) beneath General Electric 

"cool white" fluorescent tubes under aseptic conditions. 

The growth media used was Chu number ten. Each liter of 

solution of this growth medium contained 0.04 gm of calcium 

nitrate, 0.01 gm potassium phosphate, 0.025 gm magnesium 

sulfate, 0.02 gm sodium carbonate, 0.025 gm sodium silicate, 

and 0.0008 gm ferric chloride. The 250 ml flasks received 

150 ml of culture fluid, and the 2 1 flasks received 1800 

ml. The 250 ml flasks were closed with cotton plugs, while 

the 2 1 flasks were closed with aluminum foil. The fla!sks 

and all other equipment used in culture transfer, mainte

nance, and harvesting were wrapped and autoclaved at 121° 

Centigrade (C) for 20 minutes at 18 pounds of steam pressure 

per square inch. Upon cooling to room temperature, the 

flasks, stoppers, tubing, filters, and innoculum used to 
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institute a crop of algae were placed in a transfer hood. 

The door was shut and the ultraviolet light turned on for 30 

minutes after which the algae culture was transferred and 

the equipment assembled. 

The 250 ml flasks received 10 ml of Chu number ten 

culture medium containing Chlorella pyrenoidosa cells. 

These flasks were placed in a growth chamber and maintained 

at 22°C with 18 hours of light per 24 hour period. The con

tents of some of these flasks were harvested for extract 

preparation and the remainder were maintained and utilized 

as the algae culture stock. 

The 2 1 flasks received 2 5 ml of culture media con

taining Chlorella cells. These flasks then received rubber 

stoppers with two glass tubes through the stopper. One tube 

extended into the flask only four cm past the stopper. The 

other glass tube extended to within 1 cm of the bottom of 

flask, immersed in the culture fluid. Connecting the glass 

tubes outside the flasks was sterile plastic tubing. The 

compressed air was first directed through two separate 

sterile cotton filters to remove impurities and pathogens. 

Then the compressed air went to a 1 liter glass humidifica-

tion flask containing 900 ml of sterile water. From the 

humidification flask the compressed air passed to the first 

culture flask where it bubbled through the culture fluid and 

then on to the rest of the series of seven reaction vessels. 

The tubing was connected in such a manner that compressed 
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air flowed into the flask by the tube whose tip was sub

merged under the culture fluid. This permitted the air to 

bubble up through the culture fluid thereby causing mild 

agitation and aeration of the algae and culture mixture. 

The last flask's exit glass tube had a cotton filter fixed 

to it to prevent pathogens from entering. This group of 

reaction flasks was placed under specially constructed light 

banks that provided a constant light source consisting of 

"cool white" fluorescent tubes. The ambient temperature was 

maintained at 21 to 23°C. The mild aeration and agitation 

of the culture fluid caused by air bubbling through it sig

nificantly increased the growth rate of the algae cells. 

With this arrangement the flasks could be harvested within 

thirty days. 

The cultures were tested periodically to confirm 

that they contained only Chlorella pyrenoidosa. Culture 

contents were streaked onto sterile petri dishes containing 

2 per cent agar with commercial trypticase soy broth and 

incubated to determine the presence of pathogens. Two per 

cent agar containing Chu number ten culture medium was used 

specifically to determine whether or not other strains' of 

algae or fungi were present in the culture flasks. These 

petri dishes, containing the sterile Chu number ten agar, 

were streaked and placed in the growth chamber along with 

the 250 ml flasks for incubation. In this manner they 

received the light necessary for algal growth. 
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The algae culture flasks were incubated for 30 days 

and then the cells were harvested by collecting the cells 

present in 14 liters of culture, washing them, and re-

suspending them in sterile distilled water. First, the 

culture fluid containing the cells was placed in sterile, 

capped centrifuge tubes, and centrifuged at 7,0 00 times the 

force of gravity for 2 5 minutes at 5°C to remove them from 

the culture fluid. The cells were resuspended in sterile 

distilled water and the process was repeated to eliminate 

residual fluid. The entire crop of algae cells was then 

resuspended in 50 ml of sterile distilled water. 

Next, the algae were freeze-dried using Virtis 

flasks and chambers. After the cells were lyophilized, they 

were weighed and resuspended in sterile physiological saline. 

To obtain solutions of different percentages, the cells were 

resuspended on a weight to volume basis. Three different 

concentrations of extracts were produced—2.5, 5, and 10 per 

cent. Each solution of cells was then placed in a 50 ml 

flask before being sonicated with a Sonifier Cell Disrupter, 

model W185 from Heat Systems—Ultrasonic, Incorporated. A 

total of 20 to 25 ml of algal cell solution was sonicated 

at a time. The flask with its contents was suspended with 

its lower half in a dry ice-alcohol bath to prevent over

heating of the algal suspension. The sonicator probe was 

placed in the cell suspension, and the cells were sonicated 

for 30 minutes at 100 watts. 
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The next phase of algal extract preparation was 

filtration. The sonicated cell suspension was first 

centrifuged at 10,000 times the force of gravity for 20 

minutes at 5°C to remove the large cell particles. This 

supernatant was then vacuum filtered through a sterile 

millipore filter apparatus with a pore diameter of 0.45 

microns (y) which limited the antigenic particle to a 

diameter of less than 0.45 y. The final algal extract was 

stored at minus 10°C for less than three months. 

The protein concentration of the extract was 

estimated with a standard Lowry method of protein analysis 

(22). A known concentration of protein or algal extract was 

combined with the test reagents and optical density readings 

at 500 nanometers (nm) were taken using a model DB Beckman 

Spectrophotometer. Bovine serum albumin fraction V from 

Calbiochem (Lot 300877) was used as a standard in this study. 

Throughout this study a stock solution of 0.5 milligram (mg) 

per ml of this bovine serum albumin was maintained. This 

stock solution of bovine serum albumin and the algal extract 

were diluted in accordance with the standard Lowry protein 

analysis method. Test reagents were then combined with 

these dilutions and the optical density at 500 nm was 

measured. The optical density readings for the bovine 

serum protein was the basis for a standard curve from which 

the protein concentration of the algal extract was deter

mined . 
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Determination of Allergic Activity of 
Algal Extract 

In order to ascertain whether or not the algal 

extract was antigenic in nature, the animals were injected 

with the extract and studied for evidence of antibody 

production. The guinea pigs were injected with the algal 

extract in Freund's incomplete adjuvant in a concentration 

of 0.2 mg of protein per ml. On days one and seven, each 

animal was injected with 1 ml of extract in seven sites: 

the animal received 0.1 subcutaneously in each footpad, 

0.2 ml intramuscularly into each hind leg, and 0.2 ml 

subcutaneously into the nuchal region. 

On the twenty-first day blood samples were drawn for 

serum preparation and the animals were skin tested. To draw 

the serum, the animal was anesthetized with ether. Using 

a sterile 18 gauge needle and 50 ml syringe, a cardiac 

puncture was performed to draw the blood sample. The blood 

was placed in a sterile tube and capped with a screw lid. 

After standing at room temperature for one hour, the clot 

was reamed from the sides of the glass tube. The tube was 

then placed in an incubator at 5°C for 12 hours. The serum 

expressed from the clot was decanted into a sterile 

centrifuge tube, capped, and centrifuged at 1,000 times the 

force of gravity for 30 minutes at 4°C to remove any cells 

from the supernatant. The supernatant was collected and 
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stored at minus 10°C until it was studied. The serum 

samples were never stored more than 90 days before testing. 

The serum was examined for antibody presence by the 

ring precipitation test and by Immunoelectrophoresis. In 

the ring precipitation test, the antigen, in this case the 

algal extract, was diluted geometrically; and the antibody, 

the sera sample, was used full strength. Glass tubing with 

an inside diameter of 3 millimeters (mm) was broken into 

4 cm lengths. One end of this tube was imbedded into clay 

on a wooden rack. Using a Pasteur pipette, approximately 

0.1 ml of undilute antiserum was placed in each tube. 

Using a separate Pasteur pipette for each antigen dilution, 

an equal volume of antigen solution was carefully overlayed 

on the serum so as not to cause mixing. A control tube had 

physiologic saline placed over the serum. The interface 

of the liquids were observed for 15 to 30 minutes. The 

titer of the serum was recorded as the tube with the most 

dilute antigen causing a ring formation or precipitate 

formation at the interface of the two fluids. The 

reciprocal of the antigen dilution was used as the titer. 

The Millipore Immunoelectrophoresis system was also 

used to examine the serum for antibodies directed against 

the algal extract. In this system the serum was first 

subjected to zone electrophoresis followed by antigen-

antibody diffusion and precipitation within a gel media. 

The running buffer consisted of 14.5 gm of sodium barbital, 
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13.1 gm of boric acid, 2.68 gm of sodium phosphate, and 

0.1 gm of thimerosal sodium salt in enough sterile distilled 

water to make a final volume of 1 liter with a pH of 8.6. 

The buffer was stored at 3°C and either used or discarded 

before one year elapsed. 

The running buffer was placed in the appropriate 

wells of the running chamber. An Immuno'-Agaroslide was 

removed from its foil envelope, marked for identification, 

and positioned in the running chamber so that each end was 

immersed in the running buffer and the middle arched out of 

the buffer fluid. Fifty to 100 microliters (pi) of the 

serum to be tested was placed in a microcentrifuge tube 

containing bromphenol blue, capped, and briefly agitated. 

The bromphenol blue acted as a marker dye which indicated 

the position of the albumin fraction during electrophoretic 

migration. Using a Hamilton Syringe with a Teflon tip, 1 pi 

of serum was placed in the sample well. The power source 

was connected to the running chamber and 100 volts of direct 

current were applied to the system. The bromphenol blue-

tagged albumin was permitted to migrate a distance of 38 mm. 

The slide was then placed in a Millipore diffusion chamber 

on the support rack. Then 50 yl of the algal extract was 

added to the trough in the slide. The chamber was closed 

and left undisturbed at room temperature for 15 hours to 

permit the algal antigen to diffuse toward and form 
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precipitation arcs with the antibody specifically directed 

toward it. 

To prepare the slides for staining they were 

pressed, deproteinized, and dried. To reduce the slide to 

a thin film of agar on a plastic support, the slides were 

pressed between drying membranes and two lucite plates for 

ten minutes. To remove unreacted protein present in the 

agar, the slide was placed in 1 liter of deproteinizing 

solution prepared by placing 1.88 gm of sodium phosphate, 

8.0 gm of sodium chloride, 0.08 gm of sodium phosphate 

monobasic, and 0.1 gm of thimerosal sodium salt in suffi

cient sterile distilled water to make a final volume of 

1 liter. The slides were in the deproteinizing chamber for 

two hours, and the solution was stirred during that time 

with a magnetic stirring bar. Following that time period 

the deproteinizing solution was removed and replaced with 

sterile distilled water for one hour. The slides were then 

placed in a drying oven at 55°C for ten minutes and then 

immersed for ten minutes in amido black stain composed of 

1 gm of amido black ten B in enough 5 per cent (volume to 

volume) aqueous acetic acid to make a final volume of 1 

liter. They were then placed in 5 per cent (volume to 

volume) aqueous acetic acid for 15 to 30 minutes to destain 

or clear the background. Finally, the slides were rinsed in 

water and air dried. The appearance of a precipitation arc 
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was an indication of the presence of an antibody specific 

for the algal antigen. 

The presence of antibodies was also tested for by 

skin tests. The hair was shaved off the backs of the animals 

to be tested, and they were injected intradermally with 0,2 

cubic centimeter (cc) of algal extract. At the same time 

a control site received a 0.2 cc of sterile normal saline. 

The sites were observed closely for six hours and then 

checked at 24 and 48 hours. Redness and enduration indi

cates an antigen-antibody reaction. The area of redness and 

enduration were measured separately. The distance across 

the smallest diameter was recorded in millimeters. 

To rule out the possibility that the algal extract 

caused a local chemical or toxic reaction in the skin 

tissue, control animals were skin tested. Animals that had 

not been exposed to the algal antigen previously were 

injected intradermally with 0.2 cc of algal extract. The 

tissue response was noted in the same manner as in the 

experimental animals. Tissue redness, enduration, and/or 

death would have indicated that the algal extract upon 

primary contact was capable of causing a tissue reaction. 

Respiratory Sensitization and Challenge 

Respiratory tissue sensitization via aerosolized 

algal extracts was chosen as the route of sensitization in 

this study. Since animals frequently come in contact with 



numerous air-borne algae, sensitization probably occurs via 

the respiratory tissues in many of those animals that do 

become allergic to algae. Animals, including humans, do not 

normally cone in contact with algae via the parenteral 

route. More likely, the material is inhaled, or possibly 

swallowed. 

A specially constructed 78 1 chamber was used to 

expose the animals to the aerosolized algal extract (23). 

The chamber was designed so that air mixed with aerosol was 

admitted at one end, passed over the animals, and was 

exhausted at the other end at a fixed rate of 28.3 1 per 

minute, A Collison nebulizer was used to aerosolize the 

algal extract. The nebulizer delivered 7 1 of aerosol per 

minute at 20 pounds of pressure per square inch (24), The 

particle size delivered by the Collison nebulizer is, for 

the most-part, less than 2 p in size; and 65 per cent are 

less than 1 p in size. This particle size is capable of 

reaching the lower respiratory passages (25). The guinea 

pigs were, therefore, in a chamber with a fixed air flow 

containing an aerosol of algal extract with a particle size 

capable of penetrating to the terminal bronchioles. 

To determine what protocol of exposure would 

sensitize the animals, different strengths of algal extract 

and different periods of exposure were studied. Different 

strength algal extracts were prepared on the basis of dry 

weight of algal cells to the volume of normal saline used 
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to resuspend the cdlls prior to sonic disruption. Three 

such extracts were prepared: one containing 2.5 per cent, 

one 5.0, and one 10 per cent algae in normal saline. After 

sonication and filtration, these extracts were used to 

sensitize and challenge the animals. Protein analyses of 

the extracts confirmed their different concentrations. 

In each case the animals were sensitized in the same 

manner. They were exposed to the algal extract for one hour 

on days one through seven. On day 21 the animals were 

challenged with the same extract preparation with which they 

were sensitized. Also investigated were different sensitiza

tion schedules. In this case the same extract concentration 

was used throughout the experiment, but the duration of 

exposure was altered to determine which sequence was most 

effective in sensitizing the animals. 

Three groups of animals were exposed to the extract 

for 15 minutes but on different days during the sensitizing 

phase. One group was exposed to the algal extract on days 

one through seven; another group on days one, three, five, 

and seven; and the third group on days one and seven. All 

groups were challenged on day 21. A fourth group was 

exposed to the algae for 3 0 minutes on days one through 

seven and challenged on day 21. The rationale was that the 

above efforts would give some idea of what algal extract 

strength and what sensitization protocol would be successful 

in sensitizing the animals. 
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Intravenous Challenge 

In addition to aerosol challenge, intravenous 

challenge was investigated to determine whether or not 

anaphylactic shock would be induced by other than 

respiratory challenge. Animals that had been sensitized via 

the aerosolized extracts on days one through seven were 

placed in the experimental group. These animals were 

challenged on day 21 via aerosol to ascertain their response. 

Skin testing was done on day 22 and intravenous challenge 

was done on day 23. The algal extract was injected into the 

sensitized animal intravenously. The animal was then 

observed for 3 0 minutes for signs and symptoms of anaphylac

tic shock to determine the effect of this route of challenge. 

Animals not exposed to the algal extract previously were 

placed in the control group. They also received an 

intravenous challenge of the same algal extract. 

Adjuvant Effect 

An experiment was undertaken to see if the 

respiratory response could be intensified. In an effort to 

achieve this, the effects of an adjuvant were studied—-that 

of killed pertussis organism. In previous studies it had 

been shown that Bordetella pertussis cells increase the 

histamine sensitivity of animals (26-35). Since histamine 

is currently believed to be the primary chemical mediator of 

anaphylaxis in guinea pigs (36), it was thought that 
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increasing the experimental animals response to histamine 

would heighten their response to the algal extract. 

Utilizing Pertussis vaccine prepared by Eli Lilly and 

Company, 1 cc of vaccine containing approximately 64,000 

killed bacteria were instilled in the nares of the guinea 

pigs. Immediately after instillation, the nares were 

pinched shut for ten seconds. The animals received the 

vaccine on day one, and were exposed to aerosolized algal 

extract for 30 minutes on days one through seven. On day 

21 the animals were challenged and their responses observed. 

Skin tests were performed on day 22. Blood was drawn on the 

following day for serum preparation and analysis. 

Passive Transfer 

In order to differentiate between immediate and 

delayed hypersensitiviey, a passive transfer experiment was 

performed. The passive transfer test involved collecting 

serum as described above. The serum was then injected 

intraperitoneally into an animal that had not been exposed 

to the algal extract. After a 4 8 hour incubation period, 

the animal was skin tested using the algal extract. 

Migration Inhibition Factor Test 

The agarose droplet migration inhibition factor 

assay was done as a part of this study (37), This test 

specifically identifies delayed hypersensitivity. 

Peritoneal exudate cells were first collected. The ventral 
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surface of the animal was shaved and 2 0 ml of sterile 

mineral oil was injected into the peritoneal cavity. The 

injection site was cauterized to prevent the mineral oil 

from leaking out. The mineral oil serves to attract 

macrophage cells to the peritoneal region. After 7 2 hours, 

the animals were anesthetized with ether and sacrificed by 

exsanguination via cardiac puncture. Cervical dislocation 

insured that the animal was dead before peritoneal exudate 

cell collection commenced. To collect the cells the 

abdomen was incised under aseptic conditions. An opening 

3 cm in length was made and retractors applied to hold the 

incision open. Through this incision 50 ml of Hank's 

balanced salt solution (HBSS) was pipetted into the 

abdominal cavity, HBSS was made by combining one volume of 

solution A, one volume of solution B, and 18 volumes of 

glass bidistilled water. To this was added 2.5 ml of 

sterile 1.4 per cent sodium bicarbonate for each 100 ml of 

solution. Solution A consisted of 100 gm of sodium 

chloride, 8 gm of potassium chloride, 4 gm of magnesium 

sulfate, 2 gm of calcium chloride in a sufficient volume 

of glass bidistilled water to make 1 liter of solution.' To 

this, 2 ml of chloroform were added. Solution B consisted 

of 3,04 gm of sodium phosphate, 1.2 gm of potassium 

phosphate, 20 gm of glucose, 100 ml of 0.4 per cent phenol 

red, and a sufficient volume of glass bidistilled water to 



make 1 liter of solution. To this, 2 ml of chloroform were 

added. 

After placing the HBSS in the peritoneal cavity, 

a hemostat was used to close the incision. The animal's 

abdomen was massaged to mix the mineral oil and HBSS. The 

abdomen was again opened and the oil-HBSS emulsion 

collected with a pipette. The cells were placed in a 

sterile 250 ml centrifuge tube that was immersed in ice to 

increase viability. To remove the oil from the cell 

suspension, the cells were centrifuged at 300 times the 

force of gravity for ten minutes at 5°C, The supernatant 

was discarded and the cell pellet resuspended in 30 ml of 

HBSS and transferred to a sterile 50 ml centrifuge tube with 

a screw lid. This wash procedure was repeated two more 

times. The washed cells were resuspended in HBSS and placed 

in a sterile graduated centrifuge tube. They were then 

centrifuged at 300 times the force of gravity for ten 

minutes at 5°C. The packed cell volume was determined and 

the supernatant discarded. The cell pellet was resuspended 

in an equal volume of Minimum Essential Medium (MEM), from 

Grand Island Biological Co., to make a 50 per cent cell 

suspension which was placed in a sterile screw-top tube and 

immersed in a 37°C water bath until mixed with an equal 

volume of 0,4 per cent agarose in MEM. 

The agarose solution was made by first making a 

0.8 per cent agarose solution in distilled water. This was 
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sterilized and mixed with an equal volume of double strength 

MEM to give a 0.4 per cent agarose in single strength MEM. 

This was placed in a 37°C water bath prior to use. 

The 50 per cent cell suspension was mixed with an 

equal volume of 0.4 per cent agarose in MEM which resulted 

in a solution containing 25 per cent cells in 0,2 per cent 

agarose in MEM. One yl of this solution was placed in each 

well of a sterile culture plate and the plate placed in an 

incubator at 4°C for five minutes to solidify the cell-

containing drop. In the next step, the wells were filled 

with MEM as a control, or with MEM containing varying 

concentrations of algal extract. Three wells were prepared 

for the control and each algal extract dilution used. The 

plate was then covered and incubated at 37°C for 24 hours. 

After the incubation period, the radial distance of 

macrophage migration from the original cell drop placed in 

the center of the well was measured. An inverted microscope 

with an ocular grid in place and a magnification of 60X was 

used to measure the distance of migration. The migration 

was measured from opposite sides of each droplet. Since 

each algal extract was placed in three wells, six measure

ments from three cell drops were averaged to give the units 

of migration for a specific dilution. 

The migration of the macrophages in the control 

wells was considered 100 per cent migration. All the wells 

containing algal extract were compared to the control 
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wells. The migration in the antigen containing wells then 

was a percentage of the control wells, A migration under 

8 0 per cent was considered to be inhibited and caused by the 

presence of migration inhibition factor. 



RESULTS 

The design of these experiments was directed toward 

the determination of not only the type of antigenic response 

but also the extent of that response. To this end the 

appropriate concentration of algal extract required to 

elicit a response was determined. The results of respira

tory sensitization followed by both respiratory and 

intravenous challenge were ascertained. Adjuvant effects 

on respiratory sensitization were studied. The serum from 

sensitized animals was used in passive transfer studies and 

the cells were used in migration inhibition tests. 

Algal Extract Preparation 

The Chlorella pyrenoidosa cultures used in this 

study were tested every 21 days to insure that a sterile 

monoculture existed. At no time were anything but 

Chlorella pyrenoidosa cells isolated. The lack of growth on 

the trypticase soy broth indicated that no pathogens were 

present. Growth of only Chlorella pyrenoidosa on 2 per cent 

agar containing Chu number ten culture media confirmed that 

a monoculture existed. 

After harvesting and freeze drying the algae, a dry 

weight was determined. Solutions of different per cents of 

algae (dry weight to volume) were prepared using sterile 

34 
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physiological saline. These solutions were then processed 

as described previously to obtain the algal extract. The 

protein concentration of the final extract was estimated by 

the Lowry method. 

Three different per cents of algal extract were 

prepared. They were 2.5 per cent, 5 per cent, and 10 per 

cent algae dry weight in normal saline. After sonication 

and filtration, the Lowry procedure established protein 

concentrations of 1 mg of protein per ml for the 2.5 per 

cent preparation, and 2.0 mg of protein for the 5 per cent 

preparation. Lowry determinations were never done on the 10 

per cent algal extracts for reasons discussed later. 

Allergic Activity of Algal Extract 

After preparing the algal extract, experiments were 

undertaken to determine if the extract was capable of 

functioning as an antigen. To this end animals were in

jected with extract containing approximately 0.2 mg of 

protein per ml and examined for antibody formation. Table 1 

shows the results of this experiment. In all 12 animals the 

skin test resulted in wheal and flare. Serum studies 

showed low titers of four in one animal and of eight in 

three of the animals, The same serum samples produced arcs 

following Immunoelectrophoresis. 

While ascertaining that the algae appeared to 

function as an antigen, the possibility that the positive 
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Table 1, Evidence of antibody production in animals 
injected with algal extract (2.0 mg protein/ml) 
as measured by skin, ring precipitation, and 
Immunoelectrophoresis tests. 

Animal 
Skin 
test 

Ring 
precipitation 

titer 
Immunoelectrophoresis 

arcs 

1 + 8 + 

2 + 8 + 

3 + 4 + 

4 + 8 + 

5 + 0 -

6 + 0 -

7 + 0 -

8 + 0 -

9 + 0 -

10 + 0 -

11 + 0 

12 + 0 _ 

Control - 0 -

Control - 0 -

Control <- 0 -

Control - 0 -

Control 0 

+ 
results, 

indicates positive and - indicates negative 
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skin reactions might be due to a toxic characteristic of the 

algal extract was investigated. Five control animals, 

those without prior exposure to the extract, were skin 

tested. No observable skin reaction was noted within 72 

hours. 

Respiratory Sensitization and Challenge 

The next phase of the study was to investigate the 

different algal extracts and determine which one was the 

most effective in producing an antibody response. To this 

end animals were exposed to aerosolized extracts of differ

ent strengths for one hour a day for seven days in sequence. 

Then on day 21 they were challenged with the same aerosolized 

extract. The next day serum was drawn for examination. The 

data from this experiment are presented in Table 2. The 

extract prepared from 2.5 per cent dry algae produced no 

symptoms in the animals when they were challenged with it on 

day 21. Upon skin testing these animals, wheal and flare 

was observed 24 hours after injection. The serum tested 

negative for antibodies with the ring precipitation titer 

test and Immunoelectrophoresis. 

The 5 per cent extract preparation was examined in a 

like manner. One of the animals in this group showed signs 

of dyspnea upon being challenged on day 21, All the animals 

demonstrated wheal and flare within 3 0 minutes of injection. 

The ring precipitation test showed a serum titer of 40 in 



Table 2. Results of exposure of guinea pigs to different algal extract strengths 
(dry weight to volume) for one hour on days one through seven and 
challenged on day 21. 

Extract 
per cent Animal 

Response to 
challenge 

Skin test 
response 

Ring 
precipitation 

titer 
Immunoelectrophoresis 

arc 

2. 5 1 - Delayed 0 -

2.5 2 - Delayed 0 -

2. 5 3 - Delayed 0 -

5.0 4 Dyspnea Immediate 80 + 

5, 0 5 - Immediate 40 + 

5.0 6 - Immediate 40 + 

10 7 - - 0 -

10 8 - - 0 -

10 9 - - 0 -

+ indicates positive and - indicates negative results. 
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two animals and 80 in the third. All serum samples produced 

arcs following Immunoelectrophoresis. 

The extract prepared from 10 per cent dry algal 

cells produced uniformly negative results. There were no 

observable animal responses upon challenge. The skin test 

produced no skin changes. The sites used for skin testing 

were observed closely for a 72 hour period. The serum 

showed no evidence of antibodies either with a ring 

precipitation test or Immunoelectrophoresis. 

After determining which algal preparation gave the 

best results, in terms of producing an antibody response in 

the animals, attention was directed at ascertaining what 

time sequence of exposure would maximize the response. 

Consequently, the 5 per cent extract preparation was 

presented to the animals in various time sequences. One 

group of animals was exposed to the aerosolized extract on 

days one through seven; one group was exposed on days one, 

three, five, and seven; and another group was exposed on 

days one and seven. In all cases the exposure for sensi

tization lasted 15 minutes each day. All animals were 

challenged on day 21. The results of this experiment are 

contained in Table 3. The animals exposed for days one 

through seven showed restlessness or dyspnea and coughing 

upon challenge. Two of these animals had wheal and flare 

within 30 minutes of skin testing. All other animals in 

this experiment had negative skin tests. Only one of the 



Table 3. Data from experiments in which animals were exposed to a 5 per cent 
algal extract for a 15 minute period on different days for the purpose 
of sensitization in which animals were challenged on day 21 and serum 
was drawn on day 22. 

Days 
Exposed Animal 

Response to 
challenge 

Skin test 
response 

Ring 
precipitation 

titer 
Immunoelectrophoresis 

arc 

1,2,3, 
4,5,6, 
7 

1 

2 

3 

Dyspnea 
Cough 

Dyspnea 
Cough 

Restless 

Immediate 

Immediate - -

1,3,5,7 4 None - - -

5 Dyspnea - - -

6 None - - -

1,7 7 None - - -

8 None - - -

9 Dyspnea - - -

+ indicates positive and - indicates negative results. 
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animals exposed for days one, three, five, and seven had 

dyspnea upon challenge. The same was true of the animals 

sensitized on days one and seven. 

In a further effort to explore the time sequence 

most effective in achieving sensitization, another group of 

animals was exposed to the aerosolized extract on days one 

through seven, but this time for 30 minutes each day. The 

data from this experiment are in Table 4. Animal five had 

dyspnea upon aerosol challenge on day 21,* Animal six had 

dyspnea, coughed, and was prostrate. Upon removal from the 

chamber this animal recovered within four hours. All animals 

had wheal and flare within 30 minutes and the diameter of 

the wheal was measured. The wheal was measured across the 

smallest apparent diameter. The average diameter of the 

wheal was 30 mm one hour after skin testing. Within 24 

hours the wheal had resided and some redness remained. 

When the serum was examined for evidence of 

antibody, only animals five and six had a positive ring 

precipitation test giving titers of four and eight respec^ 

tively. All Immunoelectrophoresis tests failed to produce 

arcs indicative of antigen antibody reactions. The control 

animals had consistently negative results. 

Since the 30 minute exposure on days one through 

seven produced the greatest sensitization, further animals 

were treated in this manner. The data from these animals 

are presented in Table 5. Upon challenge on day 21 no 



Table 4. Animal responses to a sensitization protocol of 30 minutes of exposure 
to aerosolized algal extract on days one through seven in which animals 
were challenged via aerosol on day 21, serum was drawn and skin testing 
done on day 22. 

Animal 
Response to 
challenge 

Skin test 
response 

Diameter of 
induration at 
one hour (mm) 

Ring 
precipitation 

titer 

Immunoelec
trophoresis 

arc 

1 - Immediate 25 - -

2 - Immediate 27 - -

3 - Immediate 36 - -

4 - Immediate 29 - -

5 Dyspnea Immediate 35 4 -

6 Dyspnea, 
coughing, 
prostrate 

Immediate 28 8 • 

Control - - - - -

Control - - - - -

Control - - - - -

+ indicates positive and - indicates negative results. 



Table 5. Diameter (in millimeters) of wheal and flare following skin testing at 
30 minutes, one hour, four hours, and twenty-four hours of animals 
studied with an aerosol sensitizing protocol of 3 0 minutes on days one 
through seven utilizing an algal extract of approximately 2.0 mg of 
protein per ml of extract. 

Animal 

30 Minutes 1.0 Hour 4.0 Hours 24 Hours 

Animal Wheal Flare Wheal Flare Wheal Flare Wheal Flare 

1 25 30 29 31 30 31 5 
2 24 31 28 30 29 31 - 4 
3 26 32 30 31 31 32 - 6 
4 25 30 30 32 31 33 - 7 
5 26 29 29 31 30 32 - 5 
6 24 31 31 33 33 35 - 3 
7 23 30 29 32 30 33 - 6 
8 24 30 30 32 31 33 - 5 
9 23 30 29 31 30 32 - 4 
10 26 27 31 32 31 35 - 5 
11 18 25 20 27 21 28 - 4 
12 20 26 22 28 23 30 - 3 
13 20 23 25 26 26 28 - 4 
14 22 29 24 30 25 31 - 5 

Control - - - -

Control - - - -

Control - - - -

Control - - - -

Control ~~ 

u> 
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observable symptoms were noted. Serum was drawn on day 21 

and ring precipitation and immunoelectrophoresis studies all 

produced negative results. However, skin testing on day 22 

produced immediate wheal and flare within 30 minutes, as 

recorded in Table 5, One hour after the injection the 

average wheal was 28 mm in diameter. Twenty-four hours 

later the wheal was gone and the flare reduced to the size 

of the bleb created with the intradermal injection. 

All control animals had negative results to all 

tests. Also, the control animals had negative skin tests 

and no symptoms when exposed to the aerosol. 

Intravenous Challenge 

An experiment was then conducted to determine what 

effect a different route of challenge would have on animals 

sensitized by aerosol. Five animals from the group whose 

data were reported in Table 5 were selected. These animals 

had 0.5 ml of algal extract injected intravenously. Table 6 

contains these data. One animal did not react to the 

intravenous challenge. One animal was restless, rubbed her 

nose, coughed, and experienced dyspnea. However, she 

recovered. The other three animals died within four 

minutes of the injection. The two control animals did not 

react to the extract. 



Table 6. Results of intravenous challenge of animals sensitized with aerosolized 
algal extract with symptoms at noted times after injection of 0.5 ml of 
algal extract. 

Animal One minute Two minutes Three minutes Four minutes Five minutes 

1 Restless Convulsions Death 

2 No reaction 

3 — Nose rubbing Restless Coughing Dyspnea 

4 Restless Dyspnea Convulsions Death 

5 Restless Dyspnea Death 

Control No reaction 

Control No reaction 
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Adjuvant Effect 

Adjuvant effect of pertussis was studied and these 

skin test results are reported in Table 7. The ring 

precipitation and Immunoelectrophoresis tests all were 

negative for these animals. Upon aerosol challenge only 

animal number four demonstrated dyspnea. However, skin 

testing produced immediate wheal and flare in all animals 

which subsided within 24 hours. The control animals had 

negative skin tests. 

Passive Transfer 

A passive transfer test was done to determine if the 

response seen in the animals could be transferred with 

serum. Two animals were injected intraperitoneally with 

7 ml of pooled serum from animals whose data are presented 

in Table 5, The results of this experiment are shown in 

Table 8, Seventy-two hours later these two animals were 

skin tested with extract and normal saline. No response 

was noted in saline injection sites but where algal extract 

was injected immediate wheal and flare developed which 

subsided within 24 hours. A negative skin response was 

observed in the control animals upon injection of the algal 

extract, 

Migration Inhibition Factor Test 

In the migration inhibition test animals sensitized 

to the aerosol extract were used. Animals six through ten 



Table 7. Diameter of wheal and flare following intradermal injection of extract 
at times indicated in animals receiving killed pertussis organisms in 
nasal passages prior to sensitization with aerosolized algal extract. 

Animal 

30 Minutes 1.0 Hour 4.0 Hours 24 Hours 

Animal Wheal Flare Wheal Flare Wheal Flare Wheal Flare 

1 22 29 27 21 32 35 - 4 

2 5 7 20 23 24 30 - 6 

3 23 28 28 32 28 34 - 5 

4 19 23 23 27 31 36 - 7 

5 18 20 24 24 27 29 - 3 

6 20 30 26 33 27 37 - 4 

Control - - -

Control - - -

>&> 
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Table 8. Wheal and flare at the site of algal injection 
reported in millimeters and time after injection 
for a passive transfer experiment in which serum 
from sensitized animals was injected intra-
peritoneally into the animals 7 2 hours prior to 
the skin testing. 

30 Minutes 1.0 Hour 

Animal Wheal Flare Wheal Flare 

1 18 24 20  27 

2 7 10 19 25 

Control 

Control 



from the group whose data are reported in Table 5 were 

selected. The data from the migration inhibition test are 

presented in Tables 9 and 10. In Table 9 the units of 

migration from the cell pellet placed in each well is 

expressed as units on the occular grid of the microscope 

used to examine the cell pellets. Different antigen 

concentrations were placed over different cell pellets. 

After the incubation period the distance of migration of 

cells from the cell pellet itself was measured. This 

migration was expressed in units of the grid on the 

microscope eye piece. At antigen concentrations of 100 

and 500, the cells clumped too severely to be read with any 

accuracy. The cells from all animals migrated 80 per cent 

or more of the distance the control cells migrated in all 

but three cases. At 25 yg of antigen per ml of solution the 

cells from animals two, three, and five migrated 73, 74, 

and 78 per cent respectively, of the distance the control 

cells migrated. 
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Table 9. Distance of migration of peritoneal exudate cells 
placed in wells containing various antigen con
centrations . 

Antigen Distance from cell pellet from animal number 
a. XUU 

(lag/ml) 1 2 3 4 5 

0.0 7 7 6 10 10 10 5 5 5 6 7 7 9 10 10 
8 7 7 11 10 11 5 6 5 6 6 7 11 10 9 

2.5 7 6 6 8 9 9 6 5 5 6 7 7 10 9 10 
8 7 6 10 10 9 6 5 6 6 8 8 10 10 9 

10.0 6 7 6 8 10 9 4 5 5 6 6 7 9 9 9 
7 6 7 8 9 9 4 4 4 6 6 7 9 9 9 

25. 0 5 5 6 7 7 8 3 4 4 6 6 6 8 7 8 
6 6 6 7 7 9 4 4 4 6 5 6 7 8 8 

100.0 

500. 0 

Cells clumped with only 2 to 3 units of 
migration 

Cells clumped with only 1 to 2 units of 
migration 

Distance is expressed in units of the occular grid 
of microscope. 
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Table 10. Average distance of migration of peritoneal 
exudate cells placed in wells containing various 
antigen concentrations with per cent of migration 
based on control for each animal. 

Animal 

Antigen 
concentration 

(Mg/ml) 
Average units 
of migration 

Per cent of 
migration 

1 Control 7. 00 100 
2.5 6.67 95 
10.0 6. 50 93 
25.0 5. 67 81 

2 Control 10.33 100 
2.5 9.17 89 
10.0 8. 83 85 
25. 0 7. 50 73 

3 Control 5.17 100 
2.5 5.00 97 
10.0 4.33 84 
25. 0 3.83 74 

4 Control 6. 50 100 
2.5 7.00 108 

10.0 6.33 97 
25.0 5.83 90 

5 Control 9.83 100 
2,5 9.66 98 
10.0 9.00 92 
25.0 7. 66 78 

Distance is expressed in units of occular grid of 
microscope, 



DISCUSSION 

This study was directed toward examining the 

respiratory tissue reaction of experimental animals to the 

antigens associated with air-borne algae under conditions 

similar to expected human exposure to these same antigens. 

While the signs and symptoms of human exposure to certain 

algae are well documented, the exact physiological effect 

of this exposure is difficult to define because of a lack 

of controlled conditions which are rare in clinical situa

tions. Because of the known limitations of human experi

ments, the primary thrust of these experiments was directed 

toward creating an animal experimental model which could 

then be used to determine, under more exact conditions, the 

nature of the reaction of a mammal to air-borne algae 

entering the body through the respiratory surface. While 

there is no question that the primary route of exposure to 

algae in any mammal is through the respiratory surface, the 

degree of exposure will vary widely and the reaction to the 

exposure would also be expected to vary. By controlling 

the degree of exposure and the amount of time the animal 

was exposed to the antigen, as well as the total amount of 

antigenic material, it was hoped that more consistent 

effects would occur and that the nature of these effects 

could be studied in more detail. 

52 
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In mammalians a dual antibody system exists. Both 

humoral and cell-mediated immunity are present. Most human 

allergies are related to the humoral antibodies. 

Allergy has been defined previously (8) as an 

altered capacity on the part of the allergic individual to 

react due to specific antibodies and specific antigens. The 

allergic reaction is often classified into the following 

four types (38). 

Type one allergy is immediate anaphylactic allergy 

mediated by reaginic antibodies which are instrumental in 

the release of pharmacologically active substances. Type 

two allergy is that in which the antibodies are specific 

for antigens on cell surfaces, hence it is also called 

cytotoxic allergy. Type three allergy is the Arthus or 

delayed hypersensitivity type of reaction. Toxic and 

soluble complexes of antigen and precipitation antibody are 

formed. These immune-complexes fix and activate the C3 

component of the complement system which causes the 

attraction of polymorphonuclear cells and the release of 

their lysosomes. The type three skin reaction takes over 

an hour to develop. The type four reaction is a delayed 

allergy mediated by sensitized lymphocytes and is often 

called tuberculin type allergy. The first three types of 

allergy are humoral in nature while type four allergy is a 

cell-mediated allergy. 
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Type one or immediate hypersensitivity to algae has 

been reported in the literature previously discussed. There 

are isolated instances of treatment of such allergy with a 

desensitizing series of injections of the offending algae. 

Various commercially available extracts labeled "household 

dust" are known to contain algae (7). These extracts are 

used in both the diagnosis and treatment of what is called 

allergy to household dust. Thus an immediate skin reaction 

to household dust may indicate allergy to algae. Conse

quently, among the many individuals allergic to household 

dust, there are a number undoubtedly allergic specifically 

to algae. The phylum Chlorophyta has been identified in 

commercial house dust extracts and in the dust of resi

dential dwellings (7). Among the algae isolated was the 

genus Chlorella which has been the focus of only one study 

involving the use of laboratory animals (21) . Chlorella 

pyrenoidosa was the alga used in this study. 

Nearly all of the research related to allergy to 

algae reported in the literature has been conducted 

utilizing human subjects. Therefore, by using the 

respiratory tissue of experimental animals to study allergy 

to algae, several objectives can be accomplished. If the 

respiratory tissue can be successfully used as the route of 

sensitization to air-borne algae, this would indicate that 

algae in our environment are a potential health hazard. The 

animal in which allergy was produced would serve as a model 
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that relates to human respiratory allergies. Such an animal 

model would permit cellular level studies of the physiology 

of allergy—both the causative and pathological mechanisms. 

Since a known route of invasion of the human body 

is through the respiratory passages, it was proposed that 

immediate hypersensitivity to Chlorella pyrenoidosa could be 

induced via the respiratory passages. Because of the guinea 

pig's respiratory tissue response to immediate hyper

sensitivity, this animal was selected for study. After 

selecting the animal and alga, attention was turned to the 

production of algal extracts of different strengths and 

determining their antigenicity. Extract strengths of 2.5 

per cent, 5 per cent, and 10 per cent were prepared. The 

amount of protein nitrogen contained in the 2.5 per cent 

and 5 per cent extract preparations were estimated by the 

standard Lowry technique. The 2.5 per cent preparation 

contained approximately 1 mg of protein per ml and the 5 per 

cent extract preparation contained approximately 2 mg of 

protein per ml. Protein analysis of the 10 per cent extract 

was not undertaken because in preliminary studies it 

failed to produce an immunological response. 

The fact that the algal extracts prepared for these 

experiments were antigenic was demonstrated by mixing the 

extracts in Freund1s incomplete adjuvant and injecting 1 ml 

of this mixture into the animals. Twenty-one days later 

all experimental animals had a positive skin reaction 
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following intradermal challenge while all control animals 

had a negative skin reaction. The lack of a skin response 

in the five control animals was also taken as evidence that 

the algal extract was not cytotoxic in itself. Slight dis

coloration of the injection site was observed in all cases 

and was thought to be due partially to the green color of 

the extract and possibly due to slight cell irritability. 

This color change was noted within 4 8 hours and disappeared 

within seven days, and at no time was it larger than the 

bleb produced upon injection of the extract. Experimental 

evidence thus indicated that the skin reactions observed in 

the experimental animals were due to an immunological 

response to the algal extract. Thus it can be said that the 

extract functions as an antigen. After determining that the 

extract was antigenic, the parenteral route of sensitization 

was abandoned for the respiratory route. As stated previ

ously, it was felt that the respiratory route of sensitiza

tion is the route by which animals normally come in contact 

with algae. In the studies determining antigenicity of the 

extract intradermal challenge was used exclusively. Since 

the respiratory tissue is also the normal route of challenge, 

the epithelial tissue of the skin was replaced by the 

epithelial tissue of the lung for primary challenge. In the 

respiratory phase of the study respiratory tissue was 

challenged first, followed by intradermal skin testing 24 

hours later. 
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The different extract preparations were presented to 

the animals via the aerosol procedure described previously. 

The 2.5 per cent extract that contained approximately 1 mg 

of protein per ml produced evidence of immunological 

response in most of the animals. The concentration of algal 

protein extract in this preparation was probably at a 

minimal level and probably presented an antigen dose so low 

that it failed to stimulate the immunological systems in 

all of the animals. In those animals more biologically 

receptive, this low dose was sufficient to produce a 

noticeable response. 

The 10 per cent algal extract preparation failed to 

produce any evidence of an immunological response. The 

high protein content of the 10 per cent extract preparation 

may account for the failure of the animals to elicit an 

antibody response. The guinea pigs may have become tolerant 

to the antigen for it has been demonstrated that either a 

small or large dose of an antigen may produce tolerance in 

animals (8). Tolerance is the failure of an animal to 

elicit an immunological response under conditions which 

normally would produce an immunological response. The' 

evidence in these experiments indicates that may have been 

the case. 

The 5 per cent algal extract preparation produced 

consistent positive skin tests. Weak ring precipitation 

tests and barely detectable Immunoelectrophoresis arcs 
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indicated that the first three animals exposed to this 

extract all had circulating antibodies to the extract. 

Since this preparation produced the most positive results, 

further studies were undertaken utilizing the 5 per cent 

extract preparation. 

Different time sequences were used for the sensitiza

tion phase. Both the days and the length of time each day 

the animals were exposed to the aerosol were varied. It was 

found that a 3 0 minute exposure for seven consecutive days 

produced the highest degree of sensitization. Aerosol 

challenge elicited minor respiratory distress of a transient 

nature in three of the 14 animals in this group. Twenty-four 

hours later when challenged by skin testing this group 

produced consistent positive results. In immediate hyper

sensitivity a skin response was seen within 60 minutes of 

injection of the offending antigen. The response subsided 

within 24 hours. On the other hand, delayed hypersensi

tivity was demonstrated by wheal and flare that manifested 

itself 12 hours after injection and peaked at 48 to 72 

hours. On the basis of the skin test it can be said that 

immediate hypersensitivity was being observed in the experi

mental animals. 

Six animals had wheezing which developed 24 hours 

following the respiratory challenge and that lasted two to 

three days. Possibly allergic pneumonititis was present in 

these animals, but without cytological studies such a 
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statement cannot be made. The serum from this entire group 

of animals failed to produce any detectable evidence of 

antibodies directed toward the algal extract as measured by 

the ring precipitation and Immunoelectrophoresis tests. 

Because of the mixed response of these animals, the 

question arose as to whether or not the antibody produced 

was protective or pathological in nature. Three of the 

animals had only minor respiratory distress while they all 

had negative serum studies and positive skin tests. While 

the animals were demonstrating immediate hypersensitivity 

when challenged intradermally, they were not demonstrating 

any remarkable allergy when challenged via the respiratory 

system. Could it be that the antibody produced was somehow 

protecting the respiratory tissues? 

To determine the answer to this question, animals 

sensitized via aerosol were studied further. After deter

mining that their response to aerosol challenge was negative, 

in that they did not demonstrate anaphylactic shock or 

dyspnea but had a positive skin test, an intravenous 

challenge of the extract was administered. Five animals 

were studied in this manner. One animal did not react,1 

one developed dyspnea and later recovered, and three died 

within four minutes. The two control animals did not react 

to the extract at any time. From this it was concluded that 

intravenous injection of the algal extract itself did not 

cause death. However, in animals demonstrating positive 
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skin tests to the extract, all but two had anaphylactic 

shock leading to death in response to intravenous distress. 

This, provided evidence that in most cases the antibody was 

not protective and was detrimental to the animal's well 

being. The question remains as to why there was such a 

dramatic difference in the animal's reaction when the algal 

extract was presented via different routes. The question 

arose as to the possibility that the respiratory tissue was 

responding, but in a subdued manner. Due to the fact that 

intravenous challenge produced such dramatic evidence of the 

presence of an anaphylactic antibody, it was felt that 

perhaps the respiratory challenge was also manifesting a 

response, but one which was not visible to observation. In 

order to intensify the respiratory response to the algal 

antigen Bordetella pertussis was used as an adjuvant. The 

animals that received pertussis intranasally as an adjuvant 

did not respond any differently from the animals not 

treated with this adjuvant. Either pertussis is not 

effective as an adjuvant for algal antigens or the method 

of adjuvant administration was not effective in this study. 

Possibly the one time intranasal administration of the 

pertussis organisms was insufficient. 

One of the differences between immediate hyper

sensitivity and delayed hypersensitivity is that immediate 

hypersensitivity can be transferred passively from animal to 

animal. Serum from a sensitized animal is capable of 
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transferring the allergic state to another animal. For this 

reason the passive transfer experiments were undertaken. 

The recipient animals demonstrated immediate wheal 

and flare subsequent to skin testing, evidence that the 

antibody is of the immediate hypersensitivity type. This 

also means that since the skin response can be transferred 

via the serum, the antibody is present in the serum of the 

experimental animals. 

Since all evidence to this point indicated that 

immediate hypersensitivity existed in the experimental 

animals, an experiment directed specifically at detecting 

delayed hypersensitivity was undertaken. A migration 

inhibition test is generally accepted as specific for 

delayed hypersensitivity (37), Negative results from such 

a test can be considered as evidence that delayed hyper

sensitivity does not exist. When the cells of sensitized 

animals migrated, it was assumed that the migration inhibit 

tion factor was not present. Failure to demonstrate the 

presence of migration inhibition factor rules out the 

presence of delayed hypersensitivity in the experimental 

animals based on present knowledge. 



SUMMARY 

In this study the goal was to produce an animal 

sensitized to air-borne algae. This animal system could 

then serve as a model for future studies related to the 

human. This goal appears to have been fulfilled. The 

experimental procedures have produced immediate skin 

hypersensitivity upon challenge in guinea pigs previously 

sensitized to an aerosol spray containing an extract known 

to be antigenic to the human. The same immediate hyper

sensitivity has been demonstrated in the human. Respiratory 

symptoms are nearly non-existent upon aerosol challenge in 

these experiments. However, positive and immediate skin 

tests and the ability to transfer the sensitivity in serum 

indicate that the animals indeed do have immediate hyper

sensitivity. The lack of respiratory symptoms coupled with 

a positive skin test is consistent with human clinical 

findings. Often the flow of air through the air passages 

is reduced in an allergic individual without outward 

visible signs and symptoms. Laboratory measurements of: 

airway patency have shown these changes. These people will 

also have a positive skin test response to the offending 

antigen. In addition, researchers have been successful in 

transferring skin sensitivity from a sensitized to a non-

sensitized individual. Added to this is the fact that the 
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cells from the experimental animals failed to demonstrate 

migration inhibition factor, thereby ruling out delayed 

hypersensitivity. 

Many important ideas for future research have come 

from this study. First of all, the subjective observation 

that while only a few animals did have respiratory symptoms 

when challenged but that many of them developed wheezing 

within 24 hours that lasted 48 to 72 hours needs to be 

investigated further because of similar symptoms in the 

human to air-borne antigens. In many cases of asthma, the 

patient develops mild to severe respiratory distress upon 

inhaling an offending antigen. This distress is usually 

immediate but can also be delayed. The diagnostic test 

administered in the doctor's office to determine what the 

offending antigen is, is often an intradermal skin test. 

An immediate wheal and flare response is taken as evidence 

of immediate hypersensitivity to that specific antigen. 

Specific cytology studies of the lung tissue of the experi

mental animals would be very revealing in terms of the nature 

of the response at the cellular level. Some evidence 

indicates that allergic pneumonitis may be present in these 

animals. 

Second, the antibody class involved in producing the 

sensitivity should be identified. Since the antibody could 

be transferred in serum, it is a humoral antibody. It is 

obviously present in quantities too small to be detected by 



64 

the methods used in this study. It is probably of the IgE 

class. While precipitating antibodies were present in 

sufficient amount to be detected by skin tests, but not 

present in sufficient amounts to be detected by ring 

precipitation or Immunoelectrophoresis tests, no identifica

tion of the antibody could be made at this time. Serum 

concentrations of IgE in the human are normally in the 

tenths of a microgram per milliliter as compared to 

thousands of micrograms of IgA and IgG. So it is to be 

expected that this reagenic antibody is present in small 

quantities. Radioimmunoassay methods are more sensitive 

than the tests used in this study. Consequently, radio

immunoassay should be applied to the study of the antibodies 

produced in the experimental animals. 

Third, further adjuvant experiments might prove 

useful. The pertussis cells could be injected intra-

peritoneally seven to 14 days prior to sensitization to 

determine if this produces greater histamine sensitivity 

upon challenge. Another experiment worthy of attention 

would be to put the pertussis cells in the aerosol extract. 

In the aerosol the pertussis cells should reach different 

tissues than when they were instilled intranasally, 

Finally, different algae should be investigated to 

determine if immediate hypersensitivity to algae other than 

that used in this study can be elicited in the experimental 

animal. Cross-reactivity in the sensitized animals should 



studied. Do animals rendered allergic to one specific 

alga have an allergic reaction when exposed to other 

algae? 
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