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A RP-HPLC method for quantification of allantoin in silk of fifteen maize hybrids (Zea mays L., Poaceae)
was described. Following extraction of the plant material with an acetone-water (7 : 3, V/V) mixture, filtra-
tion and dilution, the extracts were analyzed without previous chemical derivatization. Separation and
quantification were achieved using an Alltech Econosil C18 column under isocratic conditions at 40 °C.
The mobile phase flow (20% methanol - 80% water with 5 mM sodium laurylsulfate added at pH 2.5,
adjusted with 85% orthophosphoric acid; pH of water phase was finally adjusted at 6.0 by addition of
triethylamine) was maintained at 1.0 mL/min. Column effluent was monitored at 235 nm. This simple
procedure afforded efficient separation and quantification of allantoin in plant material, without interfer-
ence of polyphenols or other plant constituents of medium to high polarity, or similar UV absorption. Our
study revealed that the silk of all investigated maize hybrids could be considered relatively rich in allan-

toin, covering the concentration range between 215 and 289 mg per 100 g of dry plant material.

1. Introduction

In traditional medicine, the herbal drug Maydis stigma (dried
cut stigmata of maize, Zea mays L., Poaceae female flowers)
is recognized and used as a mild diuretic, to pass stones and
gravel from kidneys and urinary bladder, against benign pro-
static hyperplasia, cystitis, gout, chronical nephritis and si-
milar ailments (Willuhn 2002). Similar findings were pub-
lished in several extensive ethnopharmacological studies
(Bastien 1983; Caceres et al. 1987; Yesilada et al. 1995).

It is generally accepted that maize can neither be found in the
nature as a wild-growing plant, nor is capable to survive
without human influence and care (Jevtic 1986). Instead of
indigenous types, one can find a number of maize hybrids on
fields all over the world, which represent the plant material
M. stigma exclusively comes from today. Only in Serbia and
Montenegro, there are more than 100 internationally recog-
nized domestic maize hybrids, bred from the genetic base of
16 autochthonous populations, formed and differentiated by
spontaneous cross-fertilization that lasted from the 16" cen-
tury (estimated date of the first maize introduction to Serbia)
to the middle of the 20" century (when indigenous maize
populations were replaced by hybrids) (Radovié et al. 1995).
Similar considerations apply to almost every place where
maize is cultivated today. Hence, it is reasonable to bear in
mind that plant material available for the production of the
herbal drug M. stigma is presumably heterogeneous.
Available phytochemical data about M. stigma are scarce
and frequently inconsistent. According to Willuhn (2002),
M. stigma contains essential oil, fats (waxes), flavonoids,
saponins, tannins, gums, bitter principles, mucilage and
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nitrogen-containing constituents. Previous communications
confirmed only the presence of volatile compounds (Flath
etal. 1978; Zeringue 2000) and flavonoids (Styles et al.
1975; Elliger etal. 1980; Snook etal. 1993; Widstrom
etal. 1998) in silk of several maize hybrids. However, the
presence and/or distribution of allantoin in maize silk has
not been found reported yet.

Pursuing our research on the phytochemical and pharmaco-
logical profile of M. stigma, we designed and performed an
extensive set of various phytochemical and pharmacological
studies on the silk of fifteen commercially important domes-
tic maize hybrids. In those experiments, certain hybrids
were included strictly according to their economic impor-
tance: all the selected are prevalent on the fields in Serbia.
Taking into account that the herbal drug M. stigma in Serbia
is produced completely from the silk collected after harvest-
ing the grain, selected hybrids could be considered the best
representatives of available plant material. In this communi-
cation, we present the results of the study on identification,
distribution and quantification of allantoin in silk of selected
maize hybrids.

2. Investigations, results and discussion

2.1. Chromatographic separation

Allantoin [(2,5-dioxo-imidazolidinyl)-urea] is a highly po-
lar, amphoteric substance. Achieving a satisfactory separa-
tion of this compound in biological samples using HPLC
based methods is frequently considered a major analytical
problem, due to possible interference of the other constitu-
ents with similar polarity and UV absorption (Czauderna
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Fig.: (a) Chromatogram of allantoin standard. (b) Representative chromato-
gram of analyzed extracts

etal. 1997; Shingfield et al. 1999; Czauderna et al. 2000).
In addition, highly polar substances, especially those
capable for ionisation in water, usually have peak tailing
and poor peak symmetry when separated with RP-HPLC
methods. Those events could be prevented by addition of
certain modifiers to the mobile phase, such as acidic or
basic substances, or ions of opposite charge as well. By
our oppinion, the most acceptable approach was to adjust
the pH value of the mobile phase, as it is well known that
ionisation degree of solutes, stationary phase and mobile
phase additives are affected by the pH and may lead to
better selectivity.
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Table 1: Basic attributes of the calibration curve

Data points (N) 5

Concentration range (ug/ml) 1.0-10.0
Calibration equation (y =a + bx) y =28.1910 + 562.6594x
Correlation coefficient (r) 0.9997

Residual standard deviation (Syx) 57.8

Standard error of intercept (S,) 50.2

Standard error of slope (Sp) 8.3

Significance of intercept (t,) 0.6

In our case, the pH value of the initial mobile phase
(methanol-water, 20:80 V/V) has varied from 3.0 to 6.0.
Severe peak tailing was observed when a separation was
performed at pH values lower than 4.5. With addition of
triethylamine, major improvements were noticed. Triethyl-
amine improved the peak shape by interacting strongly
with acidic silanol groups on the silica surface. A slight
decrease in allantoin retention time was achieved, but the
resolution of separation was not disturbed.

Further improvement in peak symmetry was gained with
addition of sodium laurylsulfate to the water phase. In a
concentration of 5 mM, the addition of sodium laurylsul-
fate resulted in a significant improvement of allantoin
peak shape, without resolution changes. Sodium laurylsul-
fate acts as a surfactant, which improves wetting and
lowers the influence of the stationary phase. Hence, the
retention time of allantoin was even shortened, but no
interference with other medium to high polar constituents,
or compounds with similar UV absorption occured, as
shown at representative chromatograms of standard sub-
stance and one extract analyzed (Fig.).

2.2. Linearity of the method

A calibration curve was constructed and the linearity of
the method was estimated by regression analysis of allan-
toin peak area against the concentration. After quantifica-
tion, Student’s t-test for unpaired data was applied to
achieve a comparison between the groups. Mean values
were considered significantly different if P < 0.05.
Allantoin peak identification was performed by comparing
its retention time with that of authentic standard. The
regression equation of peak area (y) against compound
concentration (x, pug/mL) and the other important para-
meters of the calibration curve are given in Table 1.
Significance of the intercept was estimated by the statisti-
cal method, and found insignificantly different from zero,
at the probability level of 0.05. Our results indicate that a
very good linearity of the method was achieved under the
chromatographic conditions described.

2.3. Results of the quantification of allantoin in silk of
selected maize hybrids

Using the described method, the presence of allantoin
was confirmed in all investigated extracts. Our study re-
vealed that, although a greater variability of results was
expected, the concentration of allantoin in silk of the
maize hybrids investigated covered a narrow range be-
tween 215 and 289 mg per 100 g of dry plant material,
with insignificant difference of means between two series
(Table 2). In other terms, the quantity of allantoin ap-
peared to be independent or, at least, just slightly
influenced by the biological source: the silk of all the
investigated maize hybrids contained similar levels of al-
lantoin.
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Table 2: Results of allantoin quantification in selected maize

hybrids
N° Hybrid Allantoin concentration
(mg/100 g dry plant material)

1 ZP 360 271.2

2 7P 434 258.5

3 ZP 539 288.8

4 ZP 599 272.8

5 ZP 677 233.8

6 ZP 680 271.2

7 ZP 704 2442

ZP average® 262.9 + 18.8
8 NS 444 249.2

9 NS 501 261.8

10 NS 606 249.7

11 NS 607 215.0

12 NS 640 267.3

13 NS 663 2772

14 NS 6666 262.3

15 Balkan 222.2

NS average® 250.6 +21.8
Total average® 256.3 +20.7

* Results are presented as mean + standard deviation

The low variability of allantoin levels might be in accor-
dance with the physiological role of this secondary meta-
bolite in higher plant tissues: among the other ureides,
amino acids, nitrates or amides, allantoin is considered
one of the forms in which nitrogen is transported through
the plant organism (Mazzafera etal. 1999). This type of
nitrogen transport is frequent in the plant kingdom: so far,
allantoin is detected in various organs of plants belonging
to 23 families; in some of them (Boraginaceae, Fabaceae),
allantoin is a typical constituent (Dikhtyarev et al. 1983;
Schliemann 1984; Mazzafera etal. 1999). These facts
could partially explain the low variability observed in our
study: plant tissues either contain allantoin at genetically
determined levels, or could be considered allantoin-free.

In pharmacy, dermatology and cosmetology, allantoin is
frequently applied both topically and orally, mainly as
astringent and Kkeratolytic, in numerous preparations for
skin care, or for regeneration of damaged tissues in cases
of hemorrhoids, ulcers and cold sores (Parfitt 1999; Gen-
naro 2000). Necessary quantities of allantoin are mainly
produced synthetically, by oxidation of uric acid with
alkaline potassium permanganate, or by heating urea with
dichloroacetic acid (Budavari 1989). Because of economic
advantages of synthesis over isolation from plant material,
allantoin-containing herbal drugs have lost their impor-
tance as sources for the industrial production of allantoin.
However, those drugs still have an importance in derma-
tology and cosmetology, because adequate extracts are fre-
quently used.

The use of herbal drug Maydis stigma in dermatology and
cosmetology does not have an ethnopharmacological back-
ground. However, a novel type of application of this her-
bal drug could be evaluated now. Allantoin level in maize
silk could be considered intermediate, if compared to one
of the most frequently used allantoin-containing herbal
drugs — Symphyti radix (dried roots of Symphytum offici-
nale L., Boraginaceae), which contains approximately
0.6-0.8% of allantoin (Willuhn 2002). But, the use of
Maydis stigma instead of Symphyti radix could have
several clear advantages. First, being considered a by-pro-
duct in the grain production, maize silk is inexpensive and
readily available at a large scale. Further, due to the
presence of significant quantities of pyrrolizidine-type
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alkaloids, prolonged peroral use of Symphyti radix and
adequate extracts can induce the development of hepato-
toxic, carcinogenic and mutagenic effects (Willuhn 2002).
Finally, excessive collection of maize female flowers after
harvesting the maize grain can never threaten its biologi-
cal source with extinction.

3. Experimental

3.1. Reagents

Acetone (Zorka-Pharma, Sabac, Serbia and Montenegro), used for the
extraction of plant material, was of an analytical grade. Triethylamine and
sodium laurylsulfate (Merck, Darmstadt, Germany), 85% orthophosphoric
acid and methanol (Carlo Erba, Milano, Italy) were all of HPLC grade. Dis-
tilled, deionized water was obtained from a Simplicity 185 purification sys-
tem (Millipore S. A., Molsheim, France). The standard substance — allantoin
(Sigma, St. Louis, MO, USA) was used without further purification.

3.2. Plant material

Fully developed, mature silk of fifteen maize hybrids (Table 2) were gath-
ered from the field collections of the Maize Research Institute “Zemun
Polje” in Belgrade (ZP series) and the Maize Department of the Institute
of Field and Vegetable Crops, Novi Sad, Serbia and Montenegro (NS
series). Collected plant material was dried in foto in a shaded and well-
ventilated place and kept refridgerated in dark all-glass containers until
extracted.

3.3. Sample preparation

Plant material (1 g per sample) was reduced to a fine powder and extracted
with 25 mL of an acetone-water mixture (7:3, V/V) under 20 min sonica-
tion in an ultrasonic bath at the ambient temperature. The extracts were
rapidly vacuum-filtered through a sintered glass funnel and kept refridger-
ated before assay. Prior to analysis, the extracts were diluted with water
phase (1:20, V/V).

The stock solution was prepared by dissolving the working standard substance
(allantoin) in acetone-water mixture (7 : 3, V/V), to obtain the concentration of
0.1 mg/mL. Five standard solutions, covering the concentration range be-
tween 1.0 and 10.0 pg/mL, were prepared by diluting the aliquots of stock
solution with water phase and used for the calibration curve construction.

3.4. Chromatographic conditions

RP-HPLC analysis of investigated extracts was performed on the Breeze
Waters chromatographic system, consisted of Waters 1500 HPLC binary
pump and Waters 2487 UV—-VIS detector (Waters Corporation, Milford, MA,
USA). Chromatographic separations were performed on the Alltech Econosil
C18 column (Alltech Associates, Inc., Deerfield, IL, USA; 4.6 x 250 mm,
5 um particle size), without the use of a precolumn. The samples were intro-
duced through a Rheodyne injector valve, with a 20 uL. sample loop. Data
acquisition and analysis were performed using Breeze Software.
Determination of allantion was performed using the mobile phase: metha-
nol — water (20:80, V/V). The water phase was prepared by dissolving
1.442 g of sodium laurylsulfate in 1000 mL of water (pH of water was
adjusted to 2.5 with 85% orthophosphoric acid). Finally, the pH of the
water phase was adjusted to 6.0 with triethylamine. Both solvents were
filtered through a 0.45 um Alltech pre-cut nylon filter and degassed in an
ultrasonic bath for 15 min.

Chromatography of standard solutions and investigated extracts was per-
formed under isocratic conditions, at a flow rate of 1.0 mL/min. Separation
was achieved at 40 °C, with a total run time of 20 min. Column effluent was
monitored at 235 nm. Allantoin peaks in the investigated extracts were iden-
tified by comparing their retention times with those of authentic standards.

Acknowledgement: This work was supported by the Grant N° 1568 of the
Ministery of Science, Technologies and Development, Republic of Serbia.

References

Bastien JW (1983) Pharmacopeia of Qollahuaya Andeans. J Ethnopharma-
col 8: 97-111.

Group of authors (1989) Allantoin. In: Budavari S (ed.) The Merck Index.
Merck & Co., Inc. Rahway NJ, USA, p. 244.

Cidceres A, Girén LM, Martinez AM (1987) Diuretic activity of plants
used for the treatment of urinary ailments in Guatemala. J Ethnopharma-
col 19: 233-245.

Czauderna M, Kowalczyk J (1997) Simultaneous measurement of allan-
toin, uric acid, xanthine and hypoxanthine in blood by high-performance
liquid chromatography. J Chromatogr B 704: 89-98.

Pharmazie 59 (2004) 7



ORIGINAL ARTICLES

Czauderna M, Kowalczyk J (2000) Quantification of allantoin, uric acid,
xanthine and hypoxanthine in ovine urine by high-performance liquid
chromatography and photodiode array detection. J Chromatogr B 744 :
129-138.

Dikhtyarev VI, Kovalev VN, Komissarenko NF, Golubenko IuA, Kovalev
IP (1983) Allantoin from the herb of several Phaseolus species (in
Russian). Khimia Prirodnykh Soedinenii: 655.

Elliger CA, Chan BG, Waiss, Jr AC, Lundin RE, Haddon WF (1980)
C-glycosylflavones from Zea mays that inhibit insect development.
Phytochemistry 19: 293-297.

Flath RA, Forrey RR, John JO, Chan BG (1978) Volatile components of
corn silk (Zea mays L.): Possible Heliothis zea (Boddie) attractants. J
Agric Food Chem 26: 1290-1293.

Group of authors (2000) Allantoin. In: Gennaro AR (ed.) Remington: The
Science and Practice of Pharmacy. Lippincott Williams & Wilkins, Balti-
more, Philadelphia, p. 1214.

Jevti¢ S (1986) The Corn. Naucna knjiga, Belgrade, p. 28.

Mazzafera P, Gongalves KV (1999) Nitrogen compounds in the xylem sap
of coffee. Phytochemistry 50: 383-386.

Group of authors (1999) Allantoin. In: Parfitt K (ed.) Martindale: The
Complete Drug Reference. Pharmaceutical Press, London, p. 1078.

Radovi¢ G, Jelovac D (1995) Genetic resources in maize breeding. Pro-
ceedings from the Symposium with international participation ‘“Maize
Breeding, Production and Utilization — 50 years of Maize Research In-
stitute”, Belgrade, Sept. 28-29, p. 17.

Pharmazie 59 (2004) 7

Schliemann W (1984) Allantoin from pods of Phaseolus coccineus L.
Pharmazie 39: 583.

Shingfield KJ, Offer NW (1999) Simultaneous determination of purine
metabolites, creatinine and pseudouridine in ruminant urine by reversed-
phase high-performance liquid chromatography. J Chromatogr B 723:
81-94.

Snook ME, Widstrom NW, Wiseman BR, Byrne PF, Harwood JS, Costello
CE (1995) New C-4”-hydroxy derivatives of maysin and 3’-methoxy-
maysin isolated from corn silks (Zea mays). J Agric Food Chem 43:
2740-2745.

Styles ED, Ceska O (1975) Genetic control of 3-hydroxy- and 3-deoxyfla-
vonoids in Zea mays. Phytochemistry 14: 413-415.

Widstrom NW, Snook ME (1998) A gene controlling biosynthesis of isoor-
ientin, a compound in corn silks antibiotic to the corn earworm. Ento-
mologia Experimentalis et Applicata 89, 119-124.

Willuhn G (2002) Maydis Stigma. In Wichtl M (ed.) Teedrogen und
Phytopharmaka. Wissenschaftliche Verlagsgesellschaft mbH, Stuttgart,
p. 590.

Yesilada E, Honda G, Sezik E, Tabata M, Fujita T, Tanaka T. et al. (1995)
Traditional medicine in Turkey. V. Folk medicine in the inner Taurus
Mountains. J Ethnopharmacol 46: 133—152.

Zeringue Jr. HJ (2000) Identification and effects of maize silk volatiles
on cultures of Aspergillus flavus. J Agric Food Chem 48: 921-925.

527



