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P REVIOUS work in this laboratory has shown that chlorogenic acid, a simple 
phenolic compound of low molecular weight is an important allergenic con- 

stituent of green coffee bean, castor bean, and oranges.lM4 It was found that 
coffee workers who developed occupational asthma, rhinitis, or dermatitis on 
exposure to finely dispersed coffee dust showed positive wheal-and-erythema 
responses to intradermal injections of ehlorogenic acid, and positive passive 
transfer (P-K) reactions were obtained with their sera. Similar positive direct 
and passive transfer reactions to chlorogenic acid were elicited in patients 
allergic to castor bean and oranges. In addition, cross-neutralization experi- 
ments demonstrated that chlorogenic acid neutralized skin-sensitizing anti- 
bodies to crude extracts of green coffee, castor bean, and oranges. Chlorogenic 
acid has also been identified in a wide variety of other plant materials, such as 
apples, pears, carrots, beans, celery, lettuce, cucumber, cabbage, plums, cher- 
ries, sweet potatoes, and tobacco. Structurally, chlorogenic acid is the quinic 
acid ester of caffeic acid (Fig. 1.) 

There have been relatively few reports of the production of immediate 
type skin reactions in humans by simple chemical substances. Large wheal-and- 
erythema responses with passive transfer of circulating antibodies were re- 
ported by Sherman and Cooke in a patient allergic to sulfadiazine.5 Similar 
positive direct skin tests and passive transfer responses to simple chemicals 
have been reported with toluene-sulfone chloramide (chloramine-T) ,6 gallic 

From the McGill TJniversitv Medical Clinic of the Montreal General Hospital and the 
Departments of Biochemistry and Chemistry, McGill University. Montreal, Canada. 

This investigation was supported by National Health Grant 604-7-341 from the Department 
of National Health and Welfare, Ottawa, Canada. 

Received for publication July 29, 1963. 

97 



YH 

Chloro9enic Acid (3-Caffeoylquinic Acid1 

OH COOH 

Coffeic Acid 

Fig. 1. 

Quinic Acid 

acid,7 penicillin,8 and several napthoquinone and benzoquinone derivatives” 
isolated from tropical woods. 

On the other hand, delayed type contact hypersensitivity to low molecular 
weight compounds has been extensively studied in humans and in various ani- 
mal species. During the course of these studies it has been observed in animals 
that simple chemical inducers of contact skin sensitivity are often capable of 

inducing serum antibody formation as well. lo Furthermore, it is generally 
agreed that induction of antibody formation by simple chemical substances 
depends on in vivo protein conjugation. Experiments concerned with proof of 
antibody formation in animals to simple chemicals have been based on results 
obtained by passive cutaneous anaphylaxis11-‘2 and more recently by a hemag- 
glutination met,hod utilizing antigen-erythrocyte con,jugates.13 

The purpose of the present investigation was to determine whether chloro- 
genie acid is antigenic in animal species. The demonstration that this low mole- 
cular weight compound is capable of inducing antibody formation in animals 
would lend strong support to the hypothesis that chlorogenic acid is an im- 
portant naturally occurring scnsitizcr in human respiratory allergy to certain 
classes of plant substances. 

METHODS BND MATERIALS 

Chlorogenic Acid.-Chlorogenic acid was purchased from the Nutritional 
Biochemical Corporation, Cleveland, Ohio. 

Aqueous Extract of Green Coffee.---Raw coffee beans were ground dry in a 
Waring Blendor and sieved through a 30 mesh screen. The ground material was 
defatted with ether in a Soxhlet apparatus and extracted in distilled water at 
room temperature for 30 minutes. The extract was filtered first through What- 
man No. 5 filter paper and then through an ’ ’ oxoid ” membrane filter (British 
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Drug Houses). The filtered extract was lyophilized and stored at 4’ C. The 
lyophilized preparation was reconstituted prior to use by the addition of 
physiologic saline. 

Immunization of Animals.-Chlorogenic acid dissolved in physiologic saline 
was emulsified with Freund’s complete adjuvant to yield a final concentration 
of 1 mg. of chlorogenic acid in 1 ml. of emulsion. Three male albino rabbits 
weighing 3 to 5 kilograms were given injections of this mixture 3 times weekly 
for 3 weeks. At each injection, 0.1 ml. was injected into the foot pad of the 
rabbit and 0.9 ml. intramuscularly in the thigh. The animals were bled 21 days 
a,fter the final injection and were subsequently given weekly “booster” in- 
jections of 1 mg. of chlorogenic acid in Freund’s adjuvant intramuscularly in 
order to maint,ain antibody levels. The rabbits immunized with chlorogenic 
acid in Freund’s adjuvant were labeled F,, E’,, and F,. Three additional rab- 
bits were immunized by the intravenous route with chlorogenic acid accord- 
ing to the same schedule of doses and were labeled I,, I,, and I,. Another 3 
rabbits were immunized with chlorogenic acid without Freund’s adjuvant by 
the intramuscular route according to the same schedule of doses and were 
labeled C,, CZ, and C,. 

Three male guinea pigs weighing 350 to 400 grams were injected with 
the same mixt,ure of chlorogcnic acid in Freund’s adjuvant used to immunize 
the first series of rabbits. One milliliter of this mixture containing 1 mg. of 
chlorogenic acid was injected in the neck muscles once a wrek over a period 
of 3 weeks. The guinea pigs were labeled G1, G?, and GB. 

Skin Testing of Immunized Animals.-Skin testing was carried out by the 
intradermal injection of 0.1 ml. of chlorogenic acid at varying concentrations. 

S@emic Ana,phybaxis.-Attempts to induce acute systemic anaphylaxis in 
guinea pigs were made by the intracardiac injection of 1 mg. of chlorogenic 
acid in 1 ml. of physiologic saline. 

Passive Cutaneous AnaphyEaxis.-Intradermal injections of 0.1 ml. of rab- 
bit antisera in varying dilutions were made in the shaved abdominal skin of 
male albino guinea pigs weighing approximately 350 grams. Six hours later 
the animals were given an intracardiac injection with 1 ml. of a mixture con- 
taining 1 mg. of chlorogenic acid and 1 mg. of Evans blue dye dissolved in 
1 ml. of physiologic saline, The antiserum sites were examined for the char- 
acteristic extravasation of blue dye 15 minutes after the intracardiac injection 
and t,he reactions graded from 0 to 4’ according to the criteria recommcndcd 
by Ovary.‘* 

Agar Gel Precipitation.-Precipitation in agar gel was performed by the 
micro-Ouchterlony technique. A 1 per cent solution of Bacto-a.gar (Difco) in 
distilled water was spread in a very thin layer over a standard microscope slide. 
A second layer of 1.5 per cent Bacto-agar in physiologic saline was then poured 
over the first layer. As the second layer began to harden, wells were punched 
out with a 12 gauge hypodermic needle. The distance between the wells was 
approximately 10 mm. The wells were filled with undiluted antisera or with 
antigens at verying concentrations, and the slides were examined for prc- 
cipitation bands in 18 hours. 
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Fig. 2.--Arthus reactions to chlorogenic acid in a rabbit rcnsitizetl with cbloroacmic acirl, 
Photographed at 24 hours. The site on the left was injrcted with saline, the middle with chloro- 
geniC acid 100 /~g per milliliter, and thr rifiht mith rhlrm~pcnic :l(.icl I.000 +g per milliliter. 

Precipitation-inhibition experiments were carried out by placing the su- 
spected inhibitor substance in the antiserum wells 2 hours before the addition 
of the antiserum. 

Hemagglutinu.tion.-The bis-diazotized benzidine (BDB) technique was em- 
ployed for the hemagglutination studies. The technique described by Schon15 was 
followed in all respects except that an aqueous extract of green coffee was used as 
the antigen instead of an aqueous extract of ragweed pollen. With this method 
the ratio of benzidine to antigen is critical for satisfactory sensitization of cry- 
throcytes, and the optimum concentrations must be established for each batch 
of BDB. With the green coffee antigen, it was found that best results were 
obtained by adjusting the antigen concentration to 0.5 to 0.75 mg. per milli- 
liter and by adding 1 ml. of BDB phosphate solution to each 3 ml. aliquot of 
erythrocytes suspended in antigen solution. 

Hemagglutination-inhibition was undertaken by incubating the inhibitor 
with the antiserum dilutions at 37’ C. for 30 minutes prior to t,he addition of 
sensit,ized cells. Fifty micrograms of inhibitor was added to each hemagglu- 
tination tube. 

EXPERIMENTS AND RESULTS 

Only the rabbits (F,, F,, and Ic8) sensitized with chlorogenic acid emulsi- 
fied with Freund’s complete adjuvant showed cvidencc of antibody formation. 
The results reported in the remainder of this paper are for this group of rab- 
bits only. 

Intradernzal Skin Testing.-Intradermal skin tests were performed on 3 
sensitized rabbits by use of 0.1 ml. of a solution of chlorogenic acid in physio- 
logic saline at a chlorogenic acid concentration of 100 pg per milliliter. The 
test sites were inspected for evidence of Arthus or delayed type skin reactions 
at 6, 12, 24, and 48 hours. At 6 hours, there was evidence of erythema and 
induration at the test sites, and at 12 hours the reactions had reached their 
maximum intensity (Table I). There was no grossly visible central necrosis 
of the lesions (Fig. 2). Microscopic examination of punch biopsy sect,ions ob- 
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TABLE I. INTRADERNAL REACTIONS TO CHWROGENIC ACID IN RABBITS SENSITIZED TO 
CHLOROGENIC ACID 

DIANETER OF SKIN REACTION 

ANIMAL 6 HOURS I 12, HOURS I 48 HOURS 

F: 2 

8 mm. 10 mm. 10 mm. 

12 10 mm. mm. 15 15 mm. mm. 15 15 mm. mm. 

tained 24 hours after the injection of chlorogenic acid showed blockage of 
the small blood vessels with leukocyte and platelet thrombi, as well as massive 
infiltration of the section with polymorphonuclear cells and eosinophils. On 
the basis of the histologic appearance and the time sequence of t,he gross 
changes, the intradcrmal response to chlorogenic acid was considered to be 
of the Arthus type. Intradermal testing with green coffee extract produced 
large typical Arthus reactions with visible central necrosis and sloughing. 
Control intradermal tests with physiologic saline in sensitized rabbits and 
with chlorogenic acid in normal rabbits produced no reaction. 

Active Systemic Annphylctxis.-Three guinea pigs sensitized to chlorogenic 
acid were given intracardiac injections of 1 mg. of chlorogenic acid in 1 ml. of 
physiologic saline. Within 10 minutes the animals became restless, signs of in- 
tense dyspnea appeared in about 1.5 minutes, and the animals finally died of 
asphyxia 20 to 25 minutes after the intracardiac injection. This pattern was 
repeated in all 3 animals. Control intracardiac injections with physiologic 
saline in sensitized guinea pigs and with chlorogenic acid in normal guinea 
pigs failed to produce evidence of systemic anaphylaxis. 

Passive Cutaneous Anaphylaxis.-Passive cutaneous anaphylaxis was per- 
formed in 4 guinea pigs with antiserum obtained from rabbit F, sensitized to 
chlorogenic acid. Chlorogenie acid was used as the intracardiac challenging 
agent. The results of these experiments are recorded in Table II. When phys- 

TABLE II. PASSIVE CUTANEOUS ANAYHYLAXIS IN THE GUINEA PIG (RABBIT ANTI-CHLOROGENI~ 
ACID SERUM F, CHALLEWXD WITH CHLOROOENIC ACID) 

SERUM DIT.lTTIoN 

GUINFA PIG 3 1:IO 1:lOO I 1:lOOO I 1:5000 I 1:10.000 

i 
ttt it + - 
+++ ++ it t - 

C ++ t t - 
D t++ t+ t - 

TABLE III.INMUNOLOG~C PROPERTIES OF RABBIT ANTI-CHLOROGENIC ~!ID SERAREACTEI) 
AGAINST GREEN-COFFEE EXTRACT 

ANTISERUM 

Fl 

PRECIPITATION IN AGAR GEL HENAGGLUTINATION TITER 

Positive? 102,400 
Positive 204,800 
Positive 204,800 



iologic saline was substituted for antiserum or when the animals were chal- 
lenged with an intracardiac injection of saline, nc) positive reactions were 
obtained. 

Agar Gel PrPc~~itation.-Attemgts to obtain precipitation bands between 
solutions of chlorogenic acid and rabbit antisera to chlorogenic acid were 
unsuccessful. It was therefore decidetl to use an aqueous extract of green cof- 
fee (1 mg. per milliliter) as the antigen since this material contains large 
amounts of chlorogenic acid presumably complexed with larger molecules. 
Undiluted antisera from 3 rabbits sensitized to chlorogenic acid were tested 
against the green coffee extract in agar gel by the micro-Ouchterlony tech- 
nique. Single precipitation bands were obtained with each of the 3 sera (Table 
III). A typical agar gel diff’usion experiment between rabbit anti-chlorogenic 
acid serum and green coffee extract is illustrated in Fig. 3. No precipitation was 
obtained when physiologic saline was substituted for green coffee extract or 
when green coffee extract was tcstcd against normal rabbit serum. 

Precipitation-inhibition experiments were performed with chlorogenic 
acid (I mg. per milliliter) and rabbit anti-chlorogenic acid serum Fa. The 
chlorogenic acid produced complete inhibition of the expected precipitation 
band between green coffee extract, (1 mg. per milliliter) and the undiluted 
rabbit antiserum. Ko inhibition was obtained with 
acid, or with a mixture of caffeic and quirk acicls. 

caffeic acid, with quinic 

Fig. 4 
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TABLE IV. HEMAGGLUTINATION INHIBITION EXPERIMENTS (RABBIT AA-TI-CHLOROGENIC ACIB 
SERUM F,* AND ERYTHROCYTES SENSITIZED WITH GREEN COFFEE EXTRACT) 

HEMAGGLUTINATION TITER, HEMAGGLUTINATION TITER, 
INHIBITOR SUBSTANCE NO INHIBITOR ADpEp INHIBITOR AI)I)EI) 

Chlorogenic acid 6400 0 
Green coffee extract 6400 0 
Caffeic acid 6400 6400 
Quinic acid 6400 6400 
Quinic and caffeic acids 6400 6400 
Castor bean extract 6400 1600 
Castor bean CB-SR1 6400 400 

*Antiserum Fh obtained at different bleeding from that used in the experiments recorded 
in Table III. 

Hemagglutination.-Aqueous green coffee extract was used as the antigen 
in the BDB hemagglutination experiments because uniformly negative results 
were obtained when chlorogenic acid was used as the antigen. An attempt to 
adapt the allergen-erythrocyte conjugation technique of Johnson to the chloro- 
genie acid system was also unsuccessful. Hemagglutination tit,ers to green 
coffee extract obtained with rabbit antiserum to chlorogenic acid are recorded 
in Table III. Control experiments with (a) nonsensitized cells and rabbit anti- 
chlorogenic acid serum and (b) sensitized cells and normal rabbit serum showed 
no evidence of hemagglutination. 

Hemagglutination-inhibition experiments were undertaken using rabbit 
anti-chlorogenic acid serum F, and crythrocytcs sensitized with green coffee 
extract as the hemagglutination system. The results of attempts at inhibition 
with chlorogenic acid, aqueous green coffee extract, caffeic acid, quinic acid, 
an equimolar mixture of caffcic and quinic acid, an isopropyl alcohol extract 
of castor bean, and castor bean fraction CB-SRI* are recorded in Table IV. 
From these results it is apparent that complete inhibition of hemagglutination 
was obtained with chlorogenic acid and with green coffee extract, partial in- 
hibition with the castor bean preparations, and no inhibition with caffeic or 
quinic acids. Xone of the inhibitor substances tested produced inhibition of a 
ragweed hemagglutination system. This latter finding would suggest that the 
hemagglutination inhibition in these experiments was specific for chlorogenic 
acid. 

DISCUSSION 

The results obtained in this investigation have demonstrated (1) that 
chlorogenic acid is capable of inducing antibody formation in experimental 
animals and (2) that circulating antibodies induced by chlorogenic acid are 
also directed against aqueous extracts of green coffee. In addition, the findings 
are of considerable theoretical interest in relation to the role of simple chem- 
ical sensitizers in hypersensitivity reactions. 

The induction of circulating a.ntibodies in animal species by low molecular 
weight substances has been described previously,l’. IF but the elicitation of 

*Supplied by Dr. Laurence L. Layton, Head, Physiologically Active Compounds Tnvestiga- 
tions, United States Department of Agriculture, Albany. Calif. 
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Arthus reactions, passive cutaneous anaphylaxis, and active systemic anaphy- 
laxis by a simple chemical hapten, rather than by a hapten-protein conjugate, 
represents an unusual series of findings. However, comparable results were 
obtained by Chasell in a series of experiments with the sera of guinea pigs 
actively sensitized to simple chemical compounds such as acid anhydrides and 
acyl chlorides. Using a technique essentially similar to passive cutaneous 
anaphylaxis, he was able to demonstrate the passive transfer of immediate 
type skin sensitivity to normal guinea pigs. Skin reactions were elicited in the 
recipient animals both by simple haptens and by hapten-protein conjugates. 
This latter finding was interpreted as evidence in favor of in vivo conjugation 
between the simple chemical sensitizer and body proteins. 

Chlorogenic acid is also one of the few simple chemical substances which 
is capable of evoking a wheal-and-erytherlla response in specifically hypcr- 
sensitive human subjects. If current, theories regarding the mechanisms of 
hypersensitivity to low molecular weight substances arc accepted, it follows 
that chlorogenic acitl must be capnblc of rapid in vivo combination with 
tissue proteins. 

Although no detailed information regarding the metabolic fate of chloro- 
genie acid in the mammalian organism is available at the present time, it is 
possible on the basis of current, knowledge to postulate a mechanism for the 
in vivo conjugation of an o-diphenol such as chlorogenic acid with tissue pro- 
teins. Phenol oxidases, which arc widely distributed throughout human and 
animal tissues, are responsible for the dehydrogenation of o-diphenols to o- 
quinonesl’ (Fig. 4). The o-quinones and p-quinones produced as metabolic in- 
termediates through the action of phenol oxidases are among the most reactive 
compounds occurring in living matter and have been shown to combine readily 
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with amino, imino, sulfhydryl, and free heterocyclic groupings. Inasmuch as 
proteins contain all of these groupings, they react readily with o-quinones and 
p-quinones. It is not without significance that several of the other simple chem- 
ical substances previously reported as being capable of evoking wheal-and- 
erythema reactions in humans are theoretically capable of metabolic transforma- 
tion to quinones (Fig. 5). For instance, positive immediate type intradermal 
reactions to tannic acid in humans were demonstrated to be due to the gallic 
acid portion of the tannic acid n1o1ecule,7 and benzoquinones and naptho- 
quinones were reported as elicitors of immediate type skin reactions in pa- 
tients sensitive to tropical woods. Paraphenylendiamine, a black dye, has long 
been known as a cause of immediate type respiratory allergy in the fur in- 
dustry. It was suggested as early as 1928 that hypersensitivity to this com- 
pound was based on its oxidation to a quinone. Is For a detailed discussion of 
some of the theoretical aspects of sensitization to quinones, the reader is re- 
ferred to the excellent review article by R. L. Mayer,19 in which it is pos- 
tulated that aromatic amines and their nitro derivatives, certain azo dyes, 
sulfonamides, p-aminobenzoic acid and its derivatives, and certain polpphenols 
are antigenic primarily because of their ability to undergo metabolic oxidation 
to quinones. 

During the course of the present investigation, it was noted that chloro- 
genie acid obtained from different suppliers and different lots of chlorogenic 
acid obtained from the same supplier varied considerably in their ability to 
induce antibody formation and in their ability to evoke allergic responses in 
sensitized animals. A possible explanation for this variability in antigenic 
activity is that commercially available chlorogenic acid is obtained by ex- 
traction from botanical sources. It is known that there are at least three 
naturally occurring isomers of chlorogenic acid. 2o Therefore, it is conceivable 
that different batches of chlorogenic acid contain isomers in different pro- 
portions and that not all of these isomers are allergenically active. The various 
chlorogenic acid samples tested all gave identical spots on paper chromatog- 
raphy and a single peak at 322 mp on ultraviolet absorption spectrophotom- 
etry. However, no conclusions can be drawn from these results regarding 
the presence or absence of isomers because it was recently demonstrated that 
samples of chlorogenic acid which appeared to be homogeneous on paper 
chromatography gave more than one band on silica gel partition chromatog- 
raphy.21 

Another possible explanation for the variation in allergenic activity be- 
tween samples is the presence of protein or other contaminants. All of the 
samples tested gave negative ninhydrin reactions, but trace amounts of ni- 
trogen (0.12 to 0.23 per cent) were demonstrated to be present in all samples 
when they were analyzed by a method using Nessler reagent.* However, it is 
unlikely that the nitrogen contaminant was immunologically significant be- 
cause positive direct skin tests in humans and positive P-K reactions were 
obtained with synthetically prepared chlorogenic acid.i This latter observation 

*Analyses done by the Schwartzkopf Microanalytical Laboratory, Woodsids, N. y. 
fKindly supplied by Dr. M. L. Scarpati, Florence, Italy. 



would indicat,e that chlorogonic a&l I’IW of proteilr ~olrtattrirllrtiorl is ~irl~>tl)l(~ 
of eliciting an inimcdiatc> type wsp01w. Animals WCIY not st~nsitiz(l(l with th(I 
synthetic compound becausc~ insuficiertt quantities I’OIA immunization ilye avail- 
:~blc at the prcscnt time. 

It is therefore postulated that the presence of naturally orcurring isomers 
in varying proportions in chlorogcnica acid isolated from botanical sour~s 
best accounts for dift’erences in allergenic activity between samples. 

The finding t,hat castor bean preparations only partially inhibited hcmag- 
glutination between rabbit anti-chlorogenic acid serum and green coffee ex- 
tract is in keeping with previously reported expcrimcnts in which partial 
cross-neutralization was obtained between chlorogcnic acid and castor bean.” 
It would thus appear that chlorogenic acid is only one of the aller+gens in 
eastor bean. 

Rabbits sensitized to chlorogenic acid by means of intramuscular ant1 
foot pad injections with chlorogcnic acid emulsified in complete Freund ‘s ad- 
juvant showed positive Arthus reactions to chlorogenic acid and to green coffee 
extract. Scra obtained from the sensitized rabbits gave positive I’CA reactions 
to chlorogenic acid and contained hemagglutinating and precipitating anti- 
bodies to green coffee extract. Guinea pigs sensitized to chlorogenic acid de- 
veloped active systemic anaphylaxis when challenged with an intracardiac 
injection of chlorogenic acid. These findings lend further support to the hy- 
pothesis that chlorogenic acid is an important simple chemical sensitizer 
rcsponsiblc for human respiratory allergy to certain types of plant materials. 

The technical assistnncc, of Mrs. Brigitte, Froese and Mr. lvan Gabor is gratefully 
acknowledged. 
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