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Utilization of Folin—Ciocalteu Phenol Reagent for the Detection
of Certain Nitrogen Compounds
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To determine in more detail the reaction of Folin—Ciocalteu phenol reagent with nitrogen compounds,
a number of hydroxylamine-related compounds and a large number of guanidine-containing
compounds were tested. In general, guanidine compounds did not react strongly unless they were
hydroxyamino or hydrazino derivatives. The non-hydroxyamino paralytic shellfish poison saxitoxin,
however, reacted to a significant extent. This may be due to the presence of a five-membered ring
structure and its analogy to 2-aminopurines, which react strongly. A number of simpler amines were
also tested. Tertiary aliphatic amines, but not primary, secondary, or quaternary amines, reacted
strongly with the reagent. Primary, secondary, and tertiary aromatic amines all reacted strongly with
the reagent. Reactivity was extended to pyrroles and indole derivatives but not to imidazole and
benzimidazole derivatives. Defining the reactivity of Folin—Ciocalteau phenol reagent with nitrogen
compounds extends the usefulness of the reagent for the detection and determination of certain
nitrogen compounds in basic extracts by colorimetric means and by thin-layer chromatography.

KEYWORDS: Folin —Ciocalteu reagent; guanidines; paralytic shellfish poisons; hydroxylamine derivatives;
amines

INTRODUCTION of the PSP ring system to the purine ring system, we have
previously also studied the structural requirements for purines

Folin—Ciocalteu phenol reagent consists of a mixture of the to react with Folin—Ciocalteu reagent (8) and shown the

heteropoly acids, phosphomolybdic and phoshotungstic acids,. f . hvd I he 2 .
in which the molybdenum and tungsten are in tHes@ate. On Importance of an amino or hydroxyl group at the 2-position.
reduction with certain reducing agents, the so-called molybde-  ©OUr interest has been to better define the specificity of the
num blue and tungsten blue are formed, in which the mean reaction of _Folm—ClocaIteu phe_anol reagent with nitrogen
oxidation state of the metals is between 5 and)6l(s reaction ~ compounds in order to explore its possible usefulness for the
with the amino acids tyrosine and tryptophan is the basis for detection and determination of certain nitrogen compounds in
the widely used Lowry method for the colorimetric determina- natural extracts by colorimetric means and by thin-layer
tion of protein @). It is known that Folir-Ciocalteu reagent ~ chromatography (TLC). We tested a number of hydroxylamino
reacts not only with phenols but also with a variety of other &nd hydrazino compounds and also focused our attention on
types of compounds3( 4). The extensive review by Peterson the guanidine-containing compounds, because these compounds

(3) describes to what extent a large number of substances reacPCcUr S0 widely in nature and in very diverse structures
with Folin—Ciocalteau reagent. The strongly reacting substances, (9~13)- These include such substances as the biologically
other than phenols, include tertiary aliphatic amines, tertiary ImPortant phosphagens and the paralytic shellfish poisons. We
amine-containing biological buffers, tryptophan, hydroxylamine, have also further |r!vest|.gated the selgcnvny of the reaction of
hydrazine, certain purines, and other miscellaneous organic andn€ reagent with aliphatic and aromatic amines in general.
inorganic reducing agents.

We have previously shown that Fotit€iocalteu reagent can ~ MATERIALS AND METHODS
be used for the detection of paralytic shellfish poisons (PSPs) i ) .
(5—7). The ability to utilize the reagent for this purpose appears __ "¢ method described by lkawa et aB) (using the optimum

to be somewhat remarkable when one considers the variet Ofconditions described by BoxX) was used. To 2.5 mL of test solution
Y O\ vere added 0.375 mL of a 20% (w/v) solution of anhydrous sodium

compounds that may react with the reagent and the fact that o qnate and 0.125 mL of 2 N FofitCiocalteu phenol reagent (Fisher
PSPs occur at very low concentrations. Because of the similarity scientific Co., Pittsburgh, PA) with a pipet. The mixture was allowed

to stand at room temperature for 1 h, and the absorbance was read in
* Author to whom correspondence should be addressed [telephone @ 1 cm quartz cuvette at 745 nm on a Bausch and Lomb Spectronic
(603) 862-2114; fax (603) 862-3784; e-mail mi@cisunix.unh.edu]. 710 against a blank containing 2.5 mL of water instead of the test
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Table 1. Reaction of Various Substances with Folin—Ciocalteu Phenol Reagent

compound (source?) structure A/mg/mL Alumol/mL

hydroxylamine and hydrazine derivatives, amides

ammonium chloride NHs; <0.03 <0.01
hydroxylamine-HCl HNOH 44 3.0
N,N-dimethylhydroxylamine-HCI (A) (HsC)2,NOH 48 4.7
O,N-dimethylhydroxylamine-HCI (A) HsCNHOCH; 0.1 0.01
acetohydroxamic acid (A) H;CC(O)NHOH 85 6.4
N-hydroxysuccinimide (A) (CH,CO),NOH 0.06 0.01
formamidoxime (S) HC(NOH)NH, 116 7.0
hydroxyurea (S) H,NC(O)NHOH 68 5.1
semicarbazide.HCI HoNC(O)NHNH; 2.4 0.27
formic hydrazide (A) HC(O)NHNH; 62 3.7
urea H2NC(O)NH, <0.03 <0.01
ethyl carbamate (EK) HNC(0)OCzHs <0.03 <0.01
formamide HC(O)NH; <0.03 <0.01
formamidine acetate (S) HC(NH)NH; <0.03 <0.01
allantoic acid (S) H2NC(O)NHCH(COOH)NHC(O)NH, <0.03 <0.01
allantoin (S) see Figure 1 0.23 0.04
guanidines
monosubstituted
guanidine-HCI (EK) HNC(NH)NH, <0.03 <0.01
methylguanidine-HCI (S) HaNC(NH)NHCH3 0.15 0.02
L-arginine-HCI HaNC(NH)NH(CHz)3CH(NH2)COOH <0.03 <0.01
guanidinoacetic acid (S) H,NC(NH)NHCH,COOH <0.03 <0.01
streptomycin-1.5H,0 0.35 0.26
hydroxyguanidine-0.5H2S04+0.5H,0 (EK) HoNC(NH)NHOH 50 6.6
L-canavanine-H;S0y4 (S) H2NC(NH)NHO(CH2)2CH(NH,)COOH 115 3.2
aminoguanidine+0.5 H,SO4 (EK) HNC(NH)NHNH, 61 7.5
sulfaguanidine HaNC(NH)NHS(O),[CeHaNHa(p)] 21 45
disubstituted
creatine-H,0 H2NC(NH)N(CH3)CH,COOH 0.05 <0.01
argininosuccinic acid,Ba-3.0H,0 (S) HOOCCH,CH(COOH)NHC(NH)NH(CH,)3CH(NH2)COOH 0.08 0.04
phospho-L-arginine,Na (HO)2P(O)NHC(NH)NH(CHz)3CH(NH2)COOH 1.12 0.31
NC-hydroxyarginine acetate (S) C(NOH)NH(CH,)3sCH(NH2)COOH 6.3 1.6
tri- and tetrasubstituted
creatinine see Figure 1 0.48 0.05
phosphocreatine,di Na-5.0 H,0 (S) (HO)2P(O)NHC(NH)N(CH3)CH,COOH 0.05 0.02
phosphocreatinine,Na-4.5H,0 (S) see Figure 1 0.69 0.20
saxitoxin-2.0HCI see Figure 1 ~16 ~6
neosaxitoxin+2.0HCI see Figure 1 ~68 ~26
gonyautoxin-5-1.0HCI ~6 ~25
aliphatic amines
primary
pL-alanine H3CCH(NH,)COOH <0.03 <0.01
L-lysine-HCI H2N(CH2)4CH(NH2)COOH <0.03 <0.01
D-glucosamine-HCI (CB) HOCH,(CHOH)3CH(NH;)CHO 0.05 0.01
putrescine-2.0HCI (S) HaN(CHz)aNH2 0.04 <0.01
taurine (S) HaN(CH,)2S0sH <0.03 <0.01
secondary
sarcosine-HCI (S) H;CNHCH,COOH 0.05 <0.01
spermidine-3.0HCI (S) H2N(CH2)aNH(CH2)sNH, 0.06 0.02
spermine-4.0HCI (S) HaN(CHz)sNH(CH2)aNH(CH2)3NH; 0.34 0.12
tertiary
trimethylamine-HCI (S) (CH3)sN 9.2 0.88
trimethylamine oxide+2.0H,0(S) (CH3)sNO <0.03 <0.01
EDTA,di Na-2.0H,0 [-CH2N(CH,COOH).], 0.81 0.30
PIPES (S) HO3S(CH2)2N(CH2CH2)2N(CH2).SO0sH 0.79 0.24
quaternary
choline chloride (S) (CH3)3N*(CH,).0H <0.03 <0.01
tetramethylammonium OH-5.0H,0 (S) (CHg)aN*OH~ <0.03 <0.01
betaine-HClI (CH3)sN*CH,COO~ <0.03 <0.01
aromatic amines
aminobenzenes
aniline (CgHs)NH, 72 6.7
N-methylaniline (A) (CgHs)NHCH3 215 23.0
N,N-dimethylaniline (CsHs)N(CH3)2 137 16.6
pyrroles and indoles
pyrrole (S) see Figure 1 25 0.17
N-methylpyrrole (A) 0.61 0.05
DL-tryptophan 3-substituted indole 59 12.0
indole-3-acetic acid (S) 3-substituted indole 26 45
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Table 1 (Continued)

compound (source?) structure Almg/mL Alumol/mL

aromatic amines (continued)
imidazoles and benzimidazoles

imidazole (S) see Figure 1 0.06 <0.01

L-histidine-HClI 4-substituted imidazole 0.18 0.04

benzimidazole (A) see Figure 1 0.05 <0.01
other cyclic

pyridine <0.03 <0.01

other non-nitrogenous or inorganic reducing substances

D-glucose <0.03 <0.01
L-fructose <0.03 <0.01
formic acid <0.03 <0.01
sodium nitrite 0.11 <0.01
sodium sulfite 3.42 (max)° 0.43
stannous chloride-2.0 H,0 234 5.3

@ Source: A, Aldrich Chemical Co., Milwaukee, WI; CB, Calbiochem, La Jolla, CA; EK, Eastman Kodak Co., Rochester, NY; S, Sigma Chemical Co., St. Louis, MO.
b Concentration dependent.

solution. From linear concentration versus absorption plots, results were
calculated in terms of absorbance per milligram per millilitafnig/
mL) and absorbance per micromole per milliliter (A/zmol/mL).

For the use of the reagent as a TLC spray reagent, silica gel thin-
layer chromatograms were allowed to dry and sprayed to visible
dampness with 20% sodium carbonate solution and then with 2 N
Folin—Ciocalteu phenol reagent. Reactive compounds gave blue spots
against a white background.

R=H: Saxitoxin
R=0OH: Neosaxitoxin

RESULTS AND DISCUSSION

o] 0 0
Hydroxylamine Derivatives, Hydrazine Derivatives, Amides. N N
As shown inTable 1, all hydroxylamine derivatives containing HNT ¢ 5y 8> HN3j 4 l 5§ HNj 4 d
the free—OH group reacted strongly with the FofitCiocalteu N 2 32 3 HN)\2111 §7/ HN 2 L2
reagent. This included thBl-acylated forms (hydroxamates) H H H H
[RC(O)NHOH], Whlqh are the pr|nC|paI.form in Whl(;h hy- Guanine Pterine Isocytosine
droxylamines occur in nature. An exception was the diacylated
compoundN-hydroxysuccinimde. Numerous hydroxamates have o o 0 o
been isolated from fungal sourceB4( 15), where they occur H HO “
(HO), P~
often as iron-binding siderochromes and WPeacylated deriva- HN NN, HN/‘S 2 N/[S
tives of N°-hydroxyornithine. Subramanian et all&) have O)\N H 4 HN)\N HN)\N
proposed the use of FolirCiocalteu reagent for the estimation H (]IH éH
of siderochromes. Hydroxamates have also been isolated from Allatoin P 3 Phos mcream3
bacterial sources, mainlyPseudomonasStreptomyces, and P
Mycobacterium, as antibiotic substances (15). 4 3
Hydrazine derivatives, where theOH group of hydroxyl- O [’ | >
amines is replaced by theNH, group, also reacted strongly ‘ ) !
with Folin—Ciocalteu reagent. Conventional amides appeared H
to react only weakly, if at all. Cyclization of amides into five- . .
Pyrrok Indole Imidazole Benzimidazok

membered rings seems to favor a slight reaction, as in the case
of saxitoxin. Figure 1. Structures of paralytic shellfish poisons and of compounds
Guanidines. As might be expected from the previous illustrating reactivity or nonreactivity to Folin—Ciocalteu phenol reagent.
discussion, the guanidine derivatives reacting strongly with
Folin—Ciocalteu reagent were the hydroxylamine and hydrazine Anabaena flos-aquag2), and batzelladines G, H, and | from
derivatives (hydroxyguanidine, aminoguanidine, neosaxitoxin, & Jamaican sponge (23). Guanidines are not likely to contribute
NS-hydroxyarginine) Table 1). Exceptions were canavanine, to reaction to Folir-Ciocalteu reagent unless hydroxylamine
in which the —OH group is not free but is alkylated and derivatives, such as mentioned above, and other special struc-
therefore not thought to be prone to reaction with the reagent, tures (e.g., saxitoxin and aminopurines) are present.
and saxitoxin, which does not possess a hydroxyamino group. Saxitoxin. Although saxitoxin lacks the NOH group at
N-Sulfones (sulfaguanidine) ard-phosphonates (phosphe- position 1 Figure 1), there was evidence that saxitoxin also
arginine) appeared to show a slight reaction. Besides canavaninaloes react significantly with Folin—Ciocalteu reagent. When
and the neosaxitoxin group of PSPs, other known hydroxy- extracts of the toxic cyanobacteriusphanizomenon flos-aquae
guanidines include hydroxyguanidine itself as a bacterial Kezar strain were chromatographed on an AG-50 resin column,
degradation product of canavanine (1RP-hydroxyarginine small Folin—Ciocalteu reagent-reactive peaks corresponding to
from Bacillus (18) and from a funguslannizzia grypse#l19), gonyautoxin-5 and to saxitoxin were observédinpublished
NC-hydroxyarginine involved in the biosynthesis of nitric oxide results). Neosaxitoxin, which slightly precedes saxitoxin in this
from arginine (2021), anatoxin-a(s) from the cyanobacterium chromatographic system, is absent in the Kezar strain. Gon-
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yautoxin-5, like saxitoxin, is also not hydroxylated at position react with Folin—Ciocalteu reagent, may account for its ability
1, yet gave a peak with FolinCiocalteu reagent. That a strain  to reduce the reagent.

imposed by the five-membered fused ring system in saxitoxin - Among the wide variety of nitrogen compounds that occur,
may contribute to its reaction with FolirCiocalteu reagentis  high reactivity toward Folir-Ciocalteu phenol reagent has been
made likely by the fact that guanine is highly reactive to the found with tertiary aliphatic amines, (primary, secondary, and
reagent, Whel’eas Slml|al‘|y SubStItuted ptenne and |SOCytOS|netertiary) aromanc amineg,\l_hydrox)ﬂ CompoundsN_amino
(Figure 1) hardly react. 2-Aminopurine is also highly reactive  compounds, and compounds containing five-membered hetero-
(8)- The 2-amino group of saxitoxin may be key to its reaction cyciic nitrogen. Folin-Ciocalteu reagent, therefore, has a
with Folin—Ciocalteu reagent. The effect of five-membered potential of being a useful reagent in the detection of compounds
cyclization in promoting a reaction with the reagent can also of jnterest. It is fortuitous that such commonly occurring
be seen when a comparison is made between the cyclic/reqycing substances as glucose and fructose do not react with
noncyclic pairs creatinine and creatine (Ajumol/mL of 0.05 he reagentTable 1). Phenolic substances, on the other hand,
versus=0.01), phosphocreatinine and phosphocreatieniol/ would pose a serious problem in the application of the reagent
mL of 0.20 versus 0.02), and allantoin and_allan_t0|_c atAd_ ( to the study of nitrogen compounds. Not only do these
umole/mL of 0.23 versus 0'04)]; Thus},_ strains within a five- g pgtances themselves occur widely in nature, they also often
membered ring or caused by a fused five-membered ring may .oy in polyphenolic form as tannins and humic acids in many
contributte to reaction with FolrﬂC|o_caIt_eu reagent. It can thus waters and extracts. If preliminary steps are taken to minimize
be concluded that, although saxnoxm does not contain the the presence of phenolic substances, for example, through
N—OH group, the factors described above can be proposed ©golvent extraction or the use of ion-exchange resins, reactivity

explain its reactivity to Folin—Ciocalteu reagent. to Folin—Ciocalteu reagent can be a valuable indication of the

Approximate values oA/mg/mL andA/umol/mL for neo-  types of nitrogen compounds present. Steps in this direction
saxitoxin and gonyautoxin-5Table 1) were calculated from  paye aiready been taken in studies on paralytic shellfish poisons,
values given in terms oA/MU/2.5 mL in lkawa et al. 7), hydroxamic acid-containing siderochromes, and 2-amino- and

assuming that neosaxitoxin has a potency of 3000 MU/mg and »_yqroxypurines (e.g., uric acid). Reactivity to FefiGiocalteu
gonyautoxin-5 a potency of 300 MU/mg (24). The value for yeagent is also a valuable indicator of the applicability of the
saxitoxin is based on a purified sample. reagent as a spray for the detection of compounds by TLC.

A common unusual feature of saxitoxin and neosaxitoxin is Although values for minimum detectable amounts are some-
the carbamoyl group at position 1Bigure 1). Because ethyl | -+ subjective, approximations may be made. The more
carbamate does not react with Feti@iocalteu reagenfT@able reactive compounds havémg/mL of >50. At 1ug/mL (1 ppm)

L), we can conclud_e that this group is not responsible for the these compounds would show higher than background absor-
reaction of PSPs with the reagent. bance. Although compounds witA/mg/mL of 10 are still

~Aromatic Amines. The reactivity of tryptophan with Folin considered to be reactive, they would have to be present at
Ciocalteu reagent prompted us to test a number of aromatic andsjightly higher levels to be readily detectable.

aliphatic amines. AnilineN-methylaniline, andN,N-dimethyl-
aniline all reacted very stronglyT@ble 1), indicating that
primary, secondary, and tertiary aromatic amines all react wit

the reagent. Box4) reported that primary, secondary, and (1) coton, F. A.; Wilkinson, GAdvanced Inorganic Chemistry—
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