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Humic acid reduces gonadotropin activity and
hormonal sensitivity of frog oocytes
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8

Abstract9

The specific stimulatory effect of sturgeonAcipenser g¨uldenstädtiBr. gonadotropic hormone (GTH) on frogRana temporaria
L. oocyte maturation in vitro was investigated in relation to humic acid (HA) concentrations from 12.5 to 50 mg/l. HA was observed
to bind to both the follicular membrane of the oocytes and the GTH molecule, reducing the oocytes’ hormone sensitivity and
maturation ability. It was also shown that HA inactivated GTH, lowering its specific ability to stimulate oocyte maturation.
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Humic substances (HS) are an intermediate, but per-
istent decay product of living organic matter and as
atural compounds they are abundant in soils, peat,
ediments, some fossil fuels and waters all around
he world. HS can be characterized by variables such
s mean molecular mass, shape and conformation of
olecules, degree of polidispersity and distribution
f molecular masses varying in a broad range from
00 to 1 000 000 Da (Hoque et al., 2003; Seitzinger
t al., 2005). Structural organisation can occur both
t molecular and molecular aggregate levels (Schulten
nd Schnitzer, 1993; Klavins, 1997). The chemical net-
ork structure of HS contains hydrocarbons, aromatic

∗ Corresponding author. Tel.: +371 7331766; fax: +371 7332704.
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and heterocyclic structures, carboxyl groups, ph
lic and alcoholic hydroxyls and possesses many a
hydrogen bonding sites making them very chemic
reactive.

HS can control variety of processes in freshw
ecosystems (Klavins, 1997). They can impact bioava
ability or release of trace elements and may h
influence on enzyme activities in fishes, invertebr
and macrophytes (Pflugmacher et al., 2001; Steinb
et al., 2004). Also, some hormone-like effects of H
have been shown in nematodeCaenorhabditis elegan
(Steinberg et al., 2002).

The aim of the study was to determine whe
humic acid can modify the freshwater amphibian re
ductive process. This was investigated employing
interaction of the frog hormone-sensitive oocytes w

166-445X/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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the sturgeonAcipenser g¨uldenstädti Br gonadotropic46

hormone in a very specific and a highly sensitive in47

vitro biotest system “oocyte-hormone”. Commercially48

available humic acid (HA) was purchased from Aldrich49

and additionally purified according to the recommen-50

dations by the International Humic Substances Society51

(Hayes and Clapp, 2001).52

Chromatographically pure standard sturgeon53

gonadotropic hormone (GTH,Mr = 25 kDa) was54

isolated from acetone-dried pituitary glands according55

to a standard procedure (Zenkevics, 1992). The grass56

frog Rana temporariaL. oocyte in vitro maturation57

test (Thornton, 1971) was employed to assess the58

gonadotropic impact of GTH on the oocytes. The frogs59

were purchased in September and were kept in the60

dark cold room at 5◦C. In total, 10 frogs were used in61

the study. The oocyte sensitivity to the hormone was62

expressed as the minimal dose of the hormone that63

produced 50% test-oocyte maturation (D50).64

Two sets of experiments were carried out. In the first65

three separate frog oocyte portions (30 oocytes) were66

preincubated for 48 h with HA concentrations of 12.5,67

25 and 50 mg l−1 at 5◦C in Petri dishes in Ringer solu-68

tion (pH 7.5). After the exposure to HA, the oocytes69

were washed five times with fresh Ringer solution to70

wash off the residual HA and then tested in three paral-71

lel replicates with GTH concentrations of 0.1, 0.3, 0.572

and 1.0�g l−1 to estimate the hormone sensitivity of73

the HA-pretreated oocytes. In the second set of exper-74

iments, three replicates of intact fresh oocytes were75
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Fig. 1. Response of frog oocytes (preincubated for 48 h with humic
acid in concentrations of 12.5, 25 and 50 mg l−1), to standard GTH
stimulatory concentrations up to 1.0 mg l−1.

50 mg HA l−1 decreased more in comparison with that94

of the intact oocytes. The relative gonadotropic activ-95

ity of GTH decreased almost three-fold, as indicated96

by the increase ofD50 values (Fig. 1). 97

Using the intact oocytes in the Ringer test solu-98

tion containing the same HA concentrations (without99

preincubation but continuous presence of HA) also100

considerably lowered the oocyte sensitivity to the hor-101

mone (Fig. 2). The minimal effective concentration of102

GTH producing the oocyte 50% maturation turned out103

to be slightly higher than that in the first set of expo-104

sures in which the preincubated oocytes were tested in105

HA-free medium. In the presence of 12.5 mg HA l−1
106

the relative GTH activity dropped approximately two-107

fold, at HA concentration of 25 mg l−1 it decreased 108

almost three-fold, and at HA concentration of 50 mg/l109

about four-fold in comparison with that of the standard110

(Fig. 2). 111

F
f ns of
G
U

N
C

O
R

R
Eested for 48 h using the same standard GTH con

rations in the same test system which contained
bove HA concentrations in the test medium throu
ut the experiment. The effect of HA on oocyte G
ensitivity in both cases was evaluated by the horm
oncentration producing 50% oocyte maturation (D50).
he mean values of responses are reported.

The preincubation of the test oocytes with the
oncentrations of 12.5, 25 and 50 mg l−1 lowered the
ocyte response to GTH depending on used HA
entrations at all hormone concentrations used (Fig. 1).
he inhibitory effect produced by HA in the te
ocytes was almost proportional to the used HA c
entrations. The oocytes exposed to12.5 and 25 m−1

A concentrations exhibited almost similar decre
n the hormone sensitivity—D50 value increased b
bout 1.7 times in comparison with that of the s
ard. The sensitivity level of the oocytes expose
AQTOX 1850 1–4

ig. 2. Effect of humic acid (concentration 12.5 and 50 mg l−1) on
resh intact frog oocyte maturation at stimulatory concentratio
TH up to 1.0 mg l−1 in Ringer solution.
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Thus, D50 of GTH increased by 20–30% in112

the tests using intact oocytes in Ringer solution in113

the continuous presence of HA in comparison with114

HA-preincubated oocytes, which consequently were115

hormone-treated in HA-free medium.116

Humic substances are traditionally considered to be117

inert or at least refractory and too large to be taken up118

by aquatic organisms. In the same time many recent119

studies have demonstrated that dissolved humic sub-120

stances are taken up and directly and/or indirectly inter-121

fere with freshwater organisms (Steinberg et al., 2004;122

Timofeyev et al., 2004). Recent investigations of humic123

substances have shown quite clearly that these natu-124

ral compounds may impact number of physiological125

effects in plants and animals, including humans (Hseu126

et al., 2002; Timofeyev et al., 2004; Meems et al.,127

2004). Among them are induction of stress proteins,128

modulation of biotransformation enzymes, production129

of internal oxidative stress, chemosensititation of the130

multixenobiotic resistance mechanism, feminisation of131

fish and amphibians, interference within the thyroid132

system and action as chemical attractant.133

The present results show that humic acid signif-134

icantly decreased the sensitivity of frog oocytes to135

sturgeon GTH, which is a highly specific and effective136

stimulator of the oocyte in vitro maturation. Our exper-137

iments showed that the relative decline of GTH activity138

(D50) occurred almost directly proportional to the con-139

centrations of HA to which the test oocytes had been140

exposed for 48 h. The washing off HA from the test141
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presence of HA in the test medium, the sensitivity to160

GTH decreased further by 20–30% in comparison to161

experiments with oocytes preincubated with the same162

HA concentrations, but hormone-treated in HQA-free163

medium. Based on this finding, it is apparent that HA164

may affect not only the oocyte follicular membrane as165

demonstrated previously (Campbell et al., 1997), but166

also the hormone molecule thus producing deeper neg-167

ative influence on the oocyte-hormone interaction. As168

a conclusion, HA may have an impact on the endocrine169

regulation of reproduction in frogs, suggesting that170

aquatic frog communities, and their reproduction, may171

be influenced by the concentration of HSs in the172

water. 173
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