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The batic sensitivity of the Limulus test and the inhibitory factors were
examined in 21 radiopharmaceuticals commonly used in Japan. The sensi
tivity of the Limulus test using pre-gel was found to be 1 fig/ml for Esch-
erichia coli endotoxin. This sensitivity is about ten times that of the
rabbit test adopted by USP and JP. The Limulus test was applicable, with
full sensitivity and without inhibitory reaction, for the evaluation of
samTcOt-, 99mTc-albumin, 9SmTc-MAA, asmTc-Sn-colloid, "'I-Hippuron, Na"'I,
.Yrt/TrO.. "Ga citrate, and 57Co-bleomycin as commercially supplied. On
the other hand, with '"In-DTPA, a9mTc-phytate, 99mTc-pyrophosphate, 99mTc-
DTPA, 131l.polyvinylpyrrolidone (PVP), 59FeClâ€žNatsePOâ€ž lisAu colloid,
and selenomethionine (Se-75), the pH required adjustment to avoid inhi
bition of the gelation reaction. Benzyl alcohol showed an inhibitory effect
on the gelation reaction at concentrations of more than !%â€¢Iodine-131-
Bromsulphalein (BSP) and I3'l-rose bengal showed intense inhibition of

the gelation reaction.
J NucÃMed 17: 1088-1092, 1976

The specific gelation reaction between the Limu
lus lysate and the endotoxin of gram-negative bac
teria reported by Bang et al. (1) in 1965 provides
a sensitive method for the detection of these endo-
toxins. Recently, Cooper et al. recommended adopt
ing the Limulus test for the detection of endotoxin
in the radiopharmaceuticals used for cisternography.
Occasional contamination of these agents with small
amounts of endotoxin has caused adverse reactions
following cisternography (2). A false-negative re
sult may occur, however, if due attention is not paid
to inhibitory factors in the test solution. Accord
ingly, in order to detect the presence of inhibitors in
a given radiopharmaceutical, a preliminary Limulus
test should be performed on the radiopharmaceutical
to which the endotoxin is added at a detectable con
centration.

The purpose of the present study is to examine
factors that might cause inhibition of the Limulus
test in 21 commonly used radiopharmaceuticals.

MATERIALS

Limulus lysate. Dry Limulus lysate was prepared
from the amebocytes of the Japanese horseshoe crab
Tachypleus tridentatus. This lysate is known as pre-
gel.*

Endotoxin. Escherichia coli endotoxin 0111, B4
(Difco lot No. 564-550) was used in this study.

Buffer. The pH of the test solution was adjusted
with 0.2 M Tris-HCl buffer of pH 7.2 or 8.0.

Commercially available distilled water and saline
solution, as permitted by JP for intravenous admin
istration, were used in this study. The basic sensitivity
of the Limulus test and inhibitory factors were ex
amined in 21 radiopharmaceuticals as follows:
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TABLE 1. OPTIMAL pH OF REACTION MIXTURE
FOR GELATION REACTION

pH of
solution

Concentration of endotoxin (ng/ml)

10 2.5 1 0.5 0.25

Xa.
"5

a
O

4.75
5.00
5.25
5.50
5.75

- 6.00

6.25
6.50
6.75
7.00
7.25

_ 7.50
7.75
8.00
8.25

Â«Yb-

4.

Agents used for cisternography :
DTP At and niln-DTPA.t
99niTc-labeled agents: ""mTcO4-,t Â»Â»Tc-
albumin.t !>!""Tc-MAA,J 99mTc-Sn-colloid,t
9!)mTc-phytate,t MmTc-pyrophosphate,t and
"Tc-DTPA.t
)31I-containing agents: Na131I,t 131I-Hip-
puran.T 181I-rose bengal.t 131I-polyvinylpyr-
rolidone (PVP),t and 131I-Bromsulphalein

(BSP).t
Miscellaneous agents: Na/'1CrO4,t R7Ga
citrate,* selenomethionine (Se-75),t 57Co-
bleomycin,t, 59FeCl3,t Na232PO4,t and
ll(SAu colloid.t

METHODS

Limulus test. The pre-gel (400 /Â¿gof dry Limulus

lysate) was dissolved in 0.1 ml of distilled water
and added to 0.1 ml of the test radiopharmaceutical.
Then this reaction mixture was incubated for 60 min
at 37Â°C.

The quality of the resulting gel was graded as fol

lows: (A) A gel retaining its solid formation when
tilted at 45Â° was judged as 2+. (B) A gel that

formed but was movable as a mass was judged as
1+. (c) A granular gel with high viscosity but still
fluid when tilted was judged as equivocal (Â±). (D)
Ungelled solution was judged as minus.

Acidity of reaction solution. When the pH of the
test solution or reaction mixture was outside the op
timal range for gel formation, the pre-gel was dis
solved in 0.1 ml of Tris-HCl buffer instead of dis

tilled water. In our laboratory the optimal pH range
for the gelation reaction was found to be 6.0-7.5

(Table 1 ). To examine the sensitivity and inhibitory
factors, preliminary Limulus tests were performed on
the radiopharmaceuticals. These were added to seven
known concentrations of E. coli endotoxin ranging
from 0 to 10 /Â¿g/ml.

The results were compared with those of a control
study using similar concentrations of endotoxin in
saline. The sensitivity of the Limulus test and inhibi
tory factors in the radiopharmaceuticals were thus
examined. Each of the radiopharmaceuticals was
procured from at least two lots, and additional stud
ies were performed on the materials suspected of
endotoxin contamination.

RESULTS

Sensitivity. Test solutions of E. coli endotoxin
were prepared in seven concentrations ranging from
0 to 10 /xg/ml. The minimum concentration required
to produce an incompletely solid gel (taken as the
end point) was 1 /tg/ml. In these studies this end
point is used to assess the sensitivity of the present
Limulus test reagent (at pH 6.3) for the positive
control of E. coli endotoxin.

Inhibitory factors in the radiopharmaceuticals used
for cisternography. The results of the Limulus test
on 1(t"Yb-DTPA and niIn-DTPA are shown in Ta

ble 2. Adjustment of the pH is needed to avoid in
hibition of the gelation reaction because in both
mÂ»Yb-DTPA and n'Yb-DTPA the pH is below the

optimal range.

Radiopharma
ceuticals""Yb-DTPA

ulln-DTPA

Control*

pH adjusted.TABLEpH

ofsolution4.8

7.2'

5.5
6.6*

6.32.

RADIOPHARMACEUTICALS FORCISTERNOGRAPHYGel

formation at various concentrations of added endotoxin(ng/ml)10

5 2.5 1 0.5 0.250++

++ + Â±
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TABLE 3. INHIBITION OF GELATION REACTION BYDTPADTPA

Control(saline)*

Dissolved in'Â°

Gel formation at various concentrations of added endotoxin(ng/ml)in

reaction mixture 10 5 2.5 1 0.50.2510-2M

______
\Q-3M -f+ +- (- Â± â€” â€” â€”
IQ-4 M + + ++ ++ +
10-" M ++ ++ +++0

++ ++ +++saline.0â€”

ceuticals"""TcOr"""Tc-albuminwmTc-MAAMmTc-Sn-colloÂ¡d"""Tc-phytate"""Tc-pyrophosphate""""Tc-DTPAControl*

pH adjusted.TABLE

4.pH

ofsolution6.26.06.06.25.46.2*4.47.4*5.86.6*6.3"""TcO,

AND Â»oniTc-LABELEDRADIOPHARMACEUTICALSGel

formation at various concentrations of added endotoxin(ng/ml)10

5 2.5 1 0.5 0.250++

++ ++ + â€” â€”â€”++

++ ++ ++ ++ +Â±+
+ ++ ++ +!+

+ Hâ€”h ++ ++ ++ Hâ€”h ++++
++ +â€”++
Hâ€”h â€” â€” â€” â€”â€”_
______H

â€”h Hâ€”h ~\â€”h + â€” â€”â€”++
++ + Â±â€”++
++ ++ + â€”â€”+++++++

- - -

Since the ll!!'Yb-DTPA available in Japan contains

0.9% benzyl alcohol, Limulus tests were performed
with several concentrations of benzyl alcohol in
saline. Gelation was inhibited completely with 2%
benzyl alcohol, and 1% showed slight inhibition. At
0.5%, however, benzyl alcohol was equal to that of
control, and no inhibition was observed.

The chelating agent DTPA also inhibits the gela
tion reaction at concentrations more than 10~3 M,

but no inhibition was observed in the present study
because the commercially available radiopharmaceu-
ticals contained less than IO"4 M DTPA (Table 3).

Inhibitory factors and endotoxin contamination in
the technetium products. For these the results of the
Limulus test are shown in Table 4. With commer
cially supplied 9i)mTcO4-, 9!""Tc-albumin, Â»Â»"Tc-
MAA, and 99mTc-Sn-colloid, the pH stayed in the

optimal range and no adjustment was needed.
In 99mTcO4- and 99mTc-MAA, gel formation par

alleled that of the control, thus indicating the ex
pected quantities of added endotoxin. It follows that
99nTcO4- and 90mTc-MAA can be checked by the

Limulus test with normal sensitivity and without in
hibition.

In the gelation reactions with 99mTc-phytate and
<J8mTc-pyrophosphate, the pH was lower than opti

mal, probably due to chelating reactions between the
phytate or pyrophosphate and the metallic ions in
the pre-gel. Here inhibition of gel formation was
observed.

After pH adjustment, however, 99mTc-pyrophos-

phate showed normal sensitivity in the Limulus test.
On the other hand, even after pH adjustment, 99mTc-

phytate suffered from minor inhibition in the Limu
lus test, with a sensitivity of 2.5 /xg/ml of endotoxin.

Commercially supplied 99mTc-DTPA also showed

moderate inhibition due to unsuitable pH, but this
was overcome by pH adjustment. In this series,
'"""Tc-albumin and 99mTc-Sn-colloid showed endo

toxin contamination.
13̂ -containing radiopharmaceutÃcals.These were

also evaluated and the results are shown in Table 5.

The Limulus test was found to be applicable to
Nai:ill and 131I-Hippuran without pH adjustment,

and endotoxin contamination was found in both.
The 131I-PVP required pH adjustment to make the
test successful; however, 131I-BSP and 131I-rose ben-
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TABLE 5. Na"1! AND ' 'I-LABELEDRADIOPHARMACEUTICALSceuticalsNo1"1!131l-Hippuranml-rose

bengalml-PVP'"I.BSPControl*

pH adjusted.Gel

formation at various concentrations of added endotoxin (nqml)pH
ofsolution

10 5 2.5 1 0.50.256.6

++ ++ + + ++ ++ ++6.2
++ ++ + + ++ 4-4-Â±6.45.26-4'

++ 4-4- 4- 4-Â±5.86.7'6.3

4-4- ++ ++ 4-04-4-Â±â€”â€”â€”â€”â€”â€”

TABLE 6. MISCELLANEOUSRADIOPHARMACEUTICALSRodiopharma-ceuticalsrW'CrO,Â°7Ga

citrate"Co-bleomycin'"Fed,Na2KPO,""Au

colloidSelenomethionine(Se-75)Control*

pH adjusted.Gel

formation at various concentrations of added endotoxin (nqml)pH
ifsolution

10 5 2.5 1 0.50.256.2

++ ++ ++ ++ +Â±6.6
++ ++ ++4-6.0

++ ++ ++ ++ +++5.4
Â±â€”6.7'

++ ++ +++5.6

+ +Â±6.6'
++ ++ +Â±5.4

â€”6.0*
++ ++ ++ ++ ++++5.5

Â±Â±6.6'
++ ++ ++ ++ ++6.3

++ ++ ++ +0Â±â€”Â±â€”â€”â€”â€”â€”-|-

+â€”Â±â€”

gal showed intense inhibition of the gelation reaction
both before and after pH adjustment.

Miscellaneous radiopharmaceuticals (Table 6). Be
fore testing, 5l)FeCl3, Na232PO4, 198Au colloid, and
selenomethionine (Se-75) required pH adjustment.
In this group, r'"FeCl;j showed the same end point as
the control study and Na-:t-PO4 showed slight inhibi

tion in the Limulus test.
Endotoxin contamination in the radiopharmaceu-

ticals. Limulus tests were performed in 1:10 and
1:100 dilutions of eight radiopharmaceuticals with
suspected endotoxin contamination in the original
concentration. Limulus tests were judged as minus
in 1:10 dilutions of 99mTc-albumin, "'I-Hippuran,
Na2n'CrO4, r>7Co-bleomycin, and selenomethionine
(Se-75).

In the radiopharmaceuticals that gave a 2+ result
in the Limulus test in their original concentrations,
1:100 dilutions of 9!lmTc-Sn-colloid and Na131I re

sulted in negative Limulus tests. On the other hand,
198Aucolloid, whose Limulus test was rated 2-(- in

the original concentration, gave an equivocal result
even in 1:100 dilution.

Limulus tests were performed, undiluted, on sev
eral lots of 198Au colloid and "9nTc-Sn-colloid. In
ten lots of 198Au colloid, the results were judged

positive in three, equivocal in one, and minus in
six. In five lots of 90mTc-Sn-colloid, on the other

hand, three were positive or equivocal and two were
negative.

DISCUSSION

When gel formation does not occur in the pre
liminary (positive control) Limulus test on a specific
radiopharmaceutical, to which endotoxin is added
at a detectable concentration, it is concluded that
inhibitory factors were contained in the radiophar
maceutical and that a false-negative result might
occur in a routine Limulus test.

Inhibitory factors may include either inhibitory
contaminants or an acidity (3-5) that lies outside
the favorable pH range. In the latter case, the in-
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hibitory reaction can be avoided by proper pH ad
justment. In this study, inhibition due to pH was
recognized in nine out of 21 radiopharmaceuticals,
but no inhibition was observed after pH adjustment
by Tris-HCl buffer.

Other inhibitory factors include substances such
as some protein-denaturing agents (6,7), antiseptics
(7), sulhydryl compounds (7), and chelates (7-70).

In the radiopharmaceuticals studied, i:tlI-BSP and
i:fll-rose bengal showed intense inhibition of gel

formation both before and after pH adjustment. The
inhibition is probably due to lysate inactivation by
BSP and rose bengal. Nevertheless, the possibility of
inactivation of the low levels of endotoxin by the
dyes cannot be ruled out.

The importance of detecting the endotoxin in the
agents used for cisternography is emphasized by the
finding that the CSF circulating system is at least
1,000 times as sensitive to endotoxin as is the cir
culating blood (2). In the cat, direct injection of en
dotoxin into the cerebral ventricle also induces fever
(Â¡1).

The routine Limulus test was found to be appli
cable to 19 out of 21 radiopharmaceuticals for the
detection of endotoxin contamination. In some of
the tracers studied it gave a positive reaction, indi
cating the presence of endotoxin contamination.

In the present study we did not compare the re
sults of the Limulus test for endotoxin with the
standard pyrogen test using rabbits. Good correla
tion has been found between the two tests by other
workers (3,5,12,13).

If the sensitivity of the Limulus test to a given
endotoxin is given the symbol L, and the correspond
ing sensitivity of the rabbit test is called R, the
ratio L/R for various endotoxins ranges from 1 to
10 (3,7). For E. coli endotoxin (0111, B4), L/R
= 10, which means that the Limulus test will detect
1 ng/ml whereas the rabbit test requires 10 ng/ml.
For other endotoxins, where L/R may be less than
10, the Limulus test may remain negative in spite of
a positive rabbit test.

The Limulus test, where applicable, is simpler,
more rapid, and more sensitive than the rabbit test.
It is adaptable for use in nuclear medicine and com
mercial laboratories.
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FOOTNOTES
* Product of Teikoku Hormone Mfg. Co., Ltd., Japan.
Ã•Indicates two joint-venture companies and manufactur

ing foreign and Japanese Pharmaceuticals.
Ã®Indicates two distributors of foreign pharmaceutical

products.
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