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AN ENZYME IMMUNOASSAY FOR K-76 MONOCARBOXYLIC ACID, 
A NOVEL ANTICOMPLEMENTARY COMPOUND 

Itaru Yamamoto, Norio Muto, Kouki Murakami, and Sadaharu Suga 
Department of Immunochemistry, Faculty of Pharmaceutical 

Sciences, Okayama University, 1-1-1 Tsushima-naka 
Okayama 700, Japan 

ABSTRACT 

A competitive enzyme immunoassay for K-76 monocarboxylic acid 
(K-76COOH), a novel anticomplementary compound, was developed. 
K-76COOH was directly coupled with bovine serum albumin through a 
formation of Schiff base and successive reduction. The spectral 
data of the conjugate showed no evidence of a Schiff base form. 
Using the specific antiserum, the proposed homologous assay made 
it possible to detect K-76COOH at the lowest value of 1 ng/ml of 
plasma. The immunoassay was validated by the correlation with 
HPLC analyses. The time courses of plasma levels of K-76COOH 
after a single oral administration to beagle dogs were precisely 
determined with a very low absorption efficiency, From these 
results, it is suggested that the plasma values obtained are 
insufficient for K-76COOH to exert its anticomplementary action 
& v&; thus K-76COOH may have another immunopharmacological 
function.(KEY WORDS: K-76 monocarboxylic acid, Anticomplementary 
compound, Enzyme immunoassay, Polystyrene ball, B-D-Galactosidase) 

INTRODUCTION 

K-76 monocarboxylic acid (K-76COOH), [6,7-dihydroxy-2,5,5,8a- 

tetramethyl-1,2,3,4,4a,5,6,7,8,8a-decahydronaphthalene-l-spiro-2'- 

(7'-formyl-6'-carboxyl-4'-hydroxy-2',3'-dihydroben~ofuran)], is a 

derivative form of K-76 (1) and the structure has been ascertained 

by its total synthesis (2,3). K-76 was isolated as a new anti- 
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154 YAMAMOTO ET AL.  

complementary compound from the culture filtrate of Stachybotrys 

complementi (1,4). K-76COOH was shown to inhibit complement 

activation in both classical and alternative pathways as well as 

K-76 (1,5-7). Furthermore, K-76COOH showed less toxicity than 

K-76. Recently, this compound has been shown to be effective with 

some immunocomplex diseases, such as glomerulonephritis and 

systemic lupus erythematosus-like diseases (8). These results are 

suggestive of other pharmacological effects including antiinflam- 

matory and antiallergic activities. However, its pharmacological 

mechanism of action and pharmacokinetics have not yet been 

clarified. For the purpose of elucidating these problems, 

a sensitive and specific assay method for this compound is required. 

In this report, we describe the development of a highly sensitive 

enzyme immunoassay for K-76COOH and its availability for the deter- 

mination of plasma concentration after an oral administration of 

this compound to experimental animals. Moreover, we discuss 

whether or not its anticomplementary action is responsible for 

some pharmacological effects mentioned above. 

MATERIALS AND METHODS 

Mat er i a Is 

K-76, K-76COOH, and some other analogues were generously 

donated from Otsuka Pharmaceutical Co. Ltd. (Tokushima, Japan). 

Their chemical structures are given in Fig. 1. B-D-Galactosidase 

(&Gal, Escherichia d, grade VIII, 580 units/mg of protein), 

bovine serum albumin (BSA,  fraction V), and 4-methylumbelliferyl- 
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AN ENZYME IMMUNOASSAY 155 

C o m p o u n d  R 1  R2 R3 

K- 76 C H O  CHO OH 
K - 7 6 C O O H  COOH CHO OH 

K - 7 6 C H 2 0 H  COOH C H 2 0 H  OH 

K - 7 6  ( C 0 O H ) z  COOH COOH OH 

K - 7 6 0 H  COOH O H  H 

FIGURE 1. Structure of K-76COOH and its related compounds. 

6-D-galactoside (4-MUG) were purchased from Sigma Co. (St. Louis, 

MO). Goat immunoglobulin G (IgG) fraction of anti-rabbit IgG was 

prepared in this laboratory by ammonium sulfate precipitation and 

ion-exchange chromatography and used as the second antibody. 

Freund's complete and incomplete adjuvants were obtained from 

Difco Labs. (Detroit, MI). Polystyrene balls ( 1 / 4  inch in diameter) 

were purchased from Immunochemical Co. (Okayama, Japan). All other 

reagents employed were of  analytical grade. The following buffers 

were used: A buffer is 100 mmol/l sodium phosphate buffer (pH 7.4)  

containing 100 mmol/l NaC1, 1 mmol/l MgC12, and 1 g/1 BSA. 

1 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



156 YAMAMOTO ET AL. 

A2 buffer i s  100 mmol/l sodium phosphate buffer (pH 7.4) containing 

100 mmol/l NaC1, 1 mmol/l MgC12, and 10 g / l  BSA. 

Preparation of Immunogen 

K-76COOH was conjugated to BSA through a Schiff base formation 

between the aldehyde group of the compound and the amino groups of 

the protein, followed by selective reduction of the bond (9). 

A typical reaction was as follows: 13.2 mg (30 umol )  of K-76COOH 

was mixed with 20 mg (300 nmol) of BSA in 100 mmol/l sodium phos- 

phate buffer (pH 8.0) at room temperature for 2 hr and, then, 

1.9 mg (30pmol) of sodium cyanoborohydride was added directly to 

reduce the Schiff base at room temperature for 92 hr. 

The reaction mixture was dialyzed against 154 mmol/l NaCl at 4OC 

for 2 days. The amount of K-76COOH covalently bound to BSA was 

calculated from the spectral data of the conjugate and by using 

the values of 3520 and 1830 as molar extinction coefficients at 

260 and 295 nm, respectively. These values were based on the 

reduced form of K-76COOH, in which the aldehyde group was reduced 

with sodium borohydride. The protein concentration was determined 

by the method of Lowry et al. (10) with BSA as a standard. 

the molar ratio of hapten to BSA was determined to be 15. 

Then, 

Immunization 

K-76COOH-BSA conjugate was injected subcutaneously in rabbits 

using 0.5 mg of protein in Freund's complete adjuvant. Booster 

injections of 0.2 mg of protein in Freund's incomplete adjuvant 

were given at two-week intervals. 
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AN ENZYME IMMUNOASSAY 157 

Detection of Specific Antibody 

The titer and specificity of the antibody produced were 

determined in an enzyme-linked immunosorbent assay method. A 96- 

well microtiter plate was coated with K-76COOH-ovalbumin conjugate, 

which was prepared in the same way as described for the preparation 

of K-76COOH-BSA conjugate. 

each serum sample was applied to a well. Then, peroxidase-labeled 

goat antibody specific to rabbit LgG was added and enzyme activity 

trapped on the surface of the well was finally determined by using 

2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) as a 

substrate. After termination of enzyme reaction, the absorbance 

at 405 nm was measured in a Sanko microtiter reader, 

After blocking with 5 g/1 gelatin, 

Preparation of K-76COOH-@-Gal Conjugate 

The following manipulations were carried out at 0-4OC. 

K-76COOH-B-Gal conjugate was synthesized through a Schiff base 

formation, followed by its mild reduction with sodium cyanoboro- 

hydride for 40 hr. The reaction mixture was dialyzed against 154 

mmol/l NaCl and its hapten-enzyme conjugate thus obtained was 

stored at -20°C after mixing the equal volume of glycerol. 

activity was stable for more than 6 months under this condition. 

Enzyme 

Preparation of Assay Samples 

K-76COOH was dissolved in 154 mmol/l NaCl and administered 

orally to Wistar rats and beagle dogs. Blood samples were taken 

in heparinized syringes at the indicated times and the plasma 
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158 YAMAMOTO ET A L .  

obtained was kept at -2OOC until use. 

with A2 buffer and subjected to the assay. 

Each plasma was once diluted 

Assay Procedure 

Enzyme immunoassay for K-76COOH was performed on the basis of 

the double antibody solid phase principle. In this assay, 

K-76COOH-B-Gal and anti-K-76COOH serum were employed after dilution 

of 1:5000 and 1:10000, respectively, with A buffer. Standard 

solution of K-76COOH was dissolved in distilled water and diluted 

to the indicated concentrations with A2 buffer. The second anti- 

body was immobilized on polystyrene balls by physical adsorption, 

a s  described previously (11). 

2 

For the assay, 100 ~1 of standard o r  sample solution was 

incubated with 50 111 of diluted 8-Gal-labeled K-76COOH and diluted 

anti-K-76COOH serum at 4 O C  for 18 hr. Normal plasma was added 

into each standard tube at the same concentration as that in sample 

tube. Then, 200 1.11 of A buffer and a second antibody-bound poly- 2 

styrene ball were added to each solution and the tubes were 

agitated at 1 5 O C  for 4 hr. 

A buffer and transfered to another tube containing 200 111 of A1 

buffer. The enzyme activity on the polystyrene ball was determined 

by incubating with 200 1.11 of 0.3 mmol/l &-MUG at 37'C for 2 hr. 

The reaction was terminated by the addition of 2 ml of 100 mmol/l 

sodium carbonate and the fluorescence intensity was measured in a 

Shimadzu fluorospectrometer with the excitation at 370 nm and the 

emission at 450 nm. B/B value (%) was calculated by the following 

equation: 

The balls were thoroughly washed with 

1 
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x 100 B/B, (%) = - B - B 1  
B - B l  0 

B: fluorescence intensity of sample 

Bo: fluorescence intensity of zero standard 

B 1 :  fluorescence intensity of blank 

RESULTS 

Stability of K-76COOH-BSA Conjugate 

Intermediate Schiff base showed a characteristic spectrum of 

K-76COOH after a dialysis against distilled water, whereas such a 

spectrum disappeared after dialysis against saline. In contrast 

to this unstable form, the reduced product of the Schiff base gave 

a new spectrum based on the stable secondary amine compound. This 

conjugate was used for the immunization in rabbits. 

Sensitivity and Specificity of the Proposed Enzyme Immunoassay 

High antibody titer in all rabbits was demonstrated after the 

fourth booster injection and the antiserum with the highest titer 

was used in this study. A typical standard curve is given in 

Fig. 2. In this homologous EIA system, K-76COOH was measured in 

the range of 100-30000 pg. Specificity of the antibody was 

assessed (Fig, 3 )  with some chemical derivatives of  K-76COOH 

illustrated in Fig. 1. K-76CH OH, which was quantitatively 2 

converted from K-76COOH by the reduction with sodium borohydride, 

showed a higher reactivity to the antibody than K-76COOHY whereas 

K-76, a dialdehyde form, showed less reactivity. In addition, 

the dicarboxylic acid derivative was considerably less reactive 
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100 
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K-76COOH (pg/tube) 

FIGURE 2 .  Typical standard curve for K-76COOH. 

1 oc 

w - 
0 

m 2 50 

0 
1 o1 102 1 o3 l o 4  1 o5 

K-76COOH (pg/tube) 

FIGURE 3. Cross-reactivity of some related compounds in the 
proposed enzyme immunoassay. 
(v), and K-760H (*) were added in the competitive reaction 
mixture, 

K-76 (U ) ,  K-76CH20H (A), K-76(COOH)2 

Assays were performed as described for K-76COOH (a). 
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TABLE 1 

161 

Reproducibility of K-76COOH determination by 
the proposed enzyme immunoassay 

Intra-assay (n=3) Inter-assay (n=4) 
Sample M(pg/tube) S.D. C.V. M(pg/tube) S.D. C.V. 

~ ~ ~ 

1 365 22 6.0 381 27 7.1 
2 1603 133 8.3 1643 115 7.0 
3 1627 155 9.5 1676 92 5.5 
4 3700 400 10.8 3754 176 4.7 

M: mean of assays 
S.D.: standard deviation of mean 
C.V.:  coefficient of variation (%) 

with the antibody. Thus, the antibody could effectively recognize 

the structural difference on the benzene ring of K-76COOH. 

Precision and Validity of the Enzyme Immunoassay 

A dilution test was performed with rat plasma samples, which 

were serially diluted 1:4 to 1:64 with A2 buffer. 

showed a good linear relationship between dilution rates and 

measured values (r=0.999). Table 1 shows intra-assay and inter- 

assay reproducibility of the proposed EIA for four samples of rat 

plasma. The precision was good enough to enable the measurement 

of K-76COOH in plasma, as can be judged from the values of coeffi- 

cients of variation. 

The results 

To validate the assay, a range of concentration of K-76COOH 

in plasma of beagle dogs were analyzed by both EIA and HPLC. 

showed good correlation with HPLC at higher concentrations (Fig. 

4A), and even at much lower concentrations (Fig. 4B). 

EIA 
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y=o.a45~ + 3.7 
i 
(r=0.997) 

0 J ,  1 A 

0 100 200 300 0 100 200 300 
K-76COOH (pg/ml) K-76COOH (ng/ml ) 

E I A  

FIGURE 4 .  
method with beagle dog plasma samples. Plasma concentration of 
K-76COOH was directly determined in the enzyme immunoassay just 
after dilution with the buffer. In the HPLC method, it was 
extracted with ethylacetate from acidified plasma and analyzed by 
using a reverse phase column. The detectable limit of this 
compound in the latter system was approximately 20 ng/ml of plasma. 

Correlation between the enzyme immunoassay and the HPLC 

Plasma Levels of K-76COOH in Beagle Dogs 

Using this E I A ,  plasma levels of K-76COOH after a single oral 

administration were examined in beagle dogs. The time course of 

plasma levels of K-76COOH is shown in Fig. 5. An oral dose of 

1 mg/kg to beagle dogs gave the maximum level around 4 hr with the 

plasma concentration of 240 ng/ml. Twenty-four hr after adminis- 

tration, the concentration in plasma of beagle dogs remained only 

about 1/10 of its maximum value. 

gave an exact value when a small amount of K-76COOH (100 fig/kg) 

was administered; at this level it could not be detected by HPLC. 

In addition, only this assay 
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1000 

- 
c 
E \ 
m E - 
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. 

FIGURE 5. 
tration in beagle dogs. Plasma samples were diluted 1:20 with the 
buffer and subjected to the assay. 
value of two animals. 

Plasma levels of K-76COOH after a single oral adminis- 

Each point represents mean 

DISCUSSION 

The antibody specific to K-76COOH was raised in rabbits by 

immunizing with a K-76COOH-BSA conjugate that was synthesized 

through a Schiff base formation and successive mild reduction. 

No antibody was produced in rabbits receiving the Schiff base 

itself. This indicates that the intermediate Schiff base form 

easily dissociates into the free components under the physiological 

conditions. This phenomenon was confirmed by the spectral data 

after the dialysis of this intermediate against distilled water 
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and saline. The antibody produced recognized the structure of the 

coupling site of this hapten more selectively, with the result 

that the reduced form of K-76COOH strongly replaced K-76COOH in 

the competitive reaction. However, since the compounds showing 

cross-reactivity with K-76COOH in this study are all derived 

chemically and considered not to be produced in vivo, we can 

practically ignore the interference of these compounds in this 

determination. In fact, no trace of metabolites of K-76COOH has 

been detected in plasma of various experimental animals by the 

HPLC method (Tominaga, N., personal communication). The lack of 

metabolism of this compound in plasma made the new assay method 

possible for the determination of its exact concentration. 

The proposed enzyme immunoassay allowed the determination of 

K-76COOH at levels from 100 to 30000 pg. Plasma samples could be 

applied to this assay only after dilution with the buffer used. 

The intra- and inter-assay precision indicated satisfactory assay 

performance. In addition, this assay was observed to correlate 

well with the HPLC method when plasma samples from beagle dogs 

were used. It could be considered that the E I A  was superior to the 

HPLC and radioisotopic assay methods in the sensitivity, t h e  

simplicity of sample preparation, and the easiness of the assay 

procedure. These results indicate that the proposed enzyme immuno- 

assay for K-76COOH is valid and reliable and that it would be 

available for determination of low levels of human samples. 

An improvement of the sensitivity of the enzyme immunoassay may 

be required in subsequent studies. We consider that a heterologous 
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system will resolve this problem, as described in our previous 

papers ( 1 2 , 1 3 ) .  

Using the assay described in the present paper, the exact 

plasma concentration of K-76COOH could be effectively monitored in 

beagle dogs that received a single oral administration of desirable 

and biologically relevant dosage, In  addition, monkeys showed 

quite similar absorption profiles, whereas rats showed about 20 

times less absorption efficiency than beagle dogs and monkeys 

(data not shown). Consequently, the absorption efficiencies of 

this compound were found to be apparently different amoung animal 

species. This tendency was consistent with the result obtained by 

the radioisotopic method (Miyamoto, G., personal communication). 

I n  this study, maximum plasma concentration was demonstrated to be 

240 ng/ml (5.74 x mol/l) when K-76COOH (1 mg/kg) was adminis- 

tered to beagle dogs. Miyazaki et al. (1) have reported that 

K-76COOH causes 50% inhibition of complement-mediated hemolysis at 

150 pg/ml (3.41 x mol/l). These findings indicate that the 

plasma concentrations obtained here are too low to exhibit its 

anticomplementary activity. Judging from these results, some 

immunopharmacological effects reported previously (8) may result 

from biological actions different from its anticomplementary 

action. In fact, we have preliminary data indicating that this 

compound has some immunomodulating effects on mitogen-induced 

lymphocyte proliferation and autoantibody production at very low 

concentrations (manuscript in preparation). These new findings 

may be responsible for its pharmacological activities that were 

previously observed in rats that received a low dose of K-76COOH (8). 
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To further the elucidation of its pharmacological effects, 

the pharmacodynamics of this compound should be examined together 

with the determination of local concentration at the target tissues 

or active sites. The proposed enzyme immunoassay for K-76COOH 

would be an effective means to clarify its mechanism of action. 
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