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Abstract 
For investigation of mumie constituents, the isolation of substances was performed by the classical 

method of humic substances fractionation that is based on their different solubility in water at different pH 
and ion-exchange properties. The elution patterns were investigated by size-exclusion chromatography 
using Sephadex (325, and the fractions obtained were characterized by W-Vis absorbance, fluorescence, 
and infrared (IR) spectroscopy. The characteristic absorption bands typical for humic substances are 
observed in IR spectra of fulvic (FA), humic (HA), and hymatomelanic (HymA) acids. The 
chromatographic investigation has revealed the presence of two groups of characteristic fluorescent 
organic matters in the FA and HA fractions. The fust group responsible for the long wavelength band of 
the fluorescence emission was assigned to FA and HA (excitation 485 nm; emission 535 nm). The second 
one contributing to the emission spectra in the short wavelength region (excitation 355 nm; emission 460 
nm) was caused presumably by the presence of non-humic substances. Fractions enriched with the short 
wavelength fluorescent substances were obtained from HA and FA fractions on extraction by absolute 
ethanol. The organic matters in ethanolic extracts from FA is referred to as the fluorescent fraction of FA 
(FFFA) in the present study. We suppose that FFFA consists of coumarin derivatives, which are probably 
responsible for the fluorescence. FA, FFFA, and polysaccharide fractions (PFs) from mumie have been 
tested for their ability to modulate reactive oxygen species (ROS) production of murine peritoneal 
macrophages. Intracellular phorbol-12-myristate-13-acetate (PMA) stimulating the ROS formation was 
determined by fluorescence with the use of 2',7'-dichlorofluorescein diacetate. The dose dependent 
activation in ROS production was observed with increasing concentrations of FA and PF I (fraction 
desorbed from DEAE cellulose by 0.5 M NaCI), and duration of cell pre-incubation with these mumie 
constituents. On the contrary, FFFA significantly suppressed the macrophage activity. 
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Introduction 
At present, on the basis of plant natural humification products (peat, sapropel, mumie), 

pharmacological drugs have been developed that have diverse application in medical practice. 
Mumie (Schilajit) is a semi-hard black resin that was formed due to the long-term humification of 
Euphorbia and Trifolium (clover) plants and lichen in mountain regions [l]. Although mumie has 
been used in the folk medicine of different countries for almost three thousand years, there are 
still not enough research data about physico-chemical properties of mumie constituents and 
mechanisms of its therapeutic effect. The stimulation of macrophage activity has a pivotal role in 
determination of therapeutic effect of medical drugs. It was shown, that mumie extract activates 
macrophage cell migration in epithelioid granulomas in struck pulmonary tissue with 
experimental tuberculosis [2 ] .  The mumie extract activates phagocytosis and releasing cytokines 
in mouse peritoneal macrophages [3, 41. Although it is now widely accepted that mumie, peat, 
and sapropel extracts can be valuable in conventional medicine, the other way forward is to 
formulate drugs using the active constituents, rather than to use crude natural extracts. This 
makes very actual the research directed to isolation of active ingredients f?om natural organic- 
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mineral matter and study the opportunity of using them individually or in combinations with each 
other. The main substances that are formed in the process of plant humification are fulvic acid 
(FA) and humic acid (HA). These acids are found abundantly in peat, sapropel, mumie, and other 
humus matters, being of medicinal -importance. FA and HA increase number &d functional 
activity of macrophages, neutrophils, and killer T-cells [ 5 ,  61. It is possible that FA determine 
immuno-modulation effects of different. humus drugs. The influence of basic components of 
mumie on functional activity of macrophages remains not yet investigated. So, we conducted 
fractionation of mumie and studied the action of its basic components on .the production of 
reactive oxygen species (ROS) by macrophages. 

Materials and Methods 
Mumie fractionation. For investigation of mumie constituents, the isolation of substances 

was performed by'the classical method of.humic substances fractionation that is based on their 
different solubility in water at different pH [7]. Treating mumie powder with 0.5 M NaOH 
produced two fractions: a supernatant (aHA and FA), and humin and other insoluble compounds. 
Subsequently, the supematant was acidified with HC1 to pH 1.0 with the humic acids 
precipitating. The remaining solution of FA was divided in two parts. One of them was dried, the 
powder treated with absolute ethanol for extraction of low-molecular weight ethanol solubilized 
fraction. Another part was adjusted to pH 5 ,  insoluble p-HA was separated by centrifugation, and 
FA solution was dialyzed and dried. The hymatomelanic acid (HymA) was extracted by absolute 
ethanol from dialyzed aHA fraction. Polysaccharides were isolated by water extraction and 
ethanol precipitation [SI. Briefly, for this purpose the mumie powder was heated with water for 3 
h. The water extract was mixed with ethanol (final concentration 30% v/v) to precipitate the 
polysaccharide-enriched fraction. Pellet of the precipitate was dissolved in water, dialyzed 
against distilled water, and dried. The dialysate was subjected to DEAE cellulose ion exchange 
chromatography. The adsorbed materials, polysaccharide fractions (PF) I, 11, and 111, were 
successively eluted with 0.5 M NaCl, 2 M NaC1, and 0.3 M NaOH, respectively. These fractions 
were extensively dialyzed against distilled water and dried. 

Chromatographic and spectroscopic analysis of mumie fractions. The elution patterns of 
fractions were investigated by size-exclusion chromatography using Sephadex G25. The fractions 
obtained were characterized by UV-Vis absorbance, fluorescence, and IR spectroscopy. The IR 
spectra were recorded with KBr pellets (2 mg of sample per 800 mg of KBr) with the use of 
Specord 71 IR spectrophotometer. 

Cells and ROSproducfion. Murine peritoneal macrophages were preparated and plated out 
at 2.106 cells/ml in RPMI (without phenol red). The cells were incubated for 90 min at 37OC in 
the presence or absence (control) of mumie fractions at different concentrations and activated by 
PMA (5 pM) in the presence of 2',7'-dichlorofluorescein diacetate (3  pM). ROS production was 
recorded as increasing .of well fluorescence (h,,=485 nm, he,,,=535 nm) ([Fluorescence of cells 
with PMA] - [Fluorescence of cells without PMA]). 

Results and Discussion 
Chromatography. The analysis has'revealed the presence of two groups of characteristic 

fluorescent organic matters in the FA and HA fractions. The first group responsible for the long 
wavelength band of the fluorescence emission was assigned to FA and HA (excitation 485 nm; 
emission 535 nm). The second one contributing to the emission spectra in the short wavelength 
region (excitation 355 nm; emissjon 460 nm) was caused presumably by the presence of non- 
humic, low-molecular weight substinces (Fig. 1). Fractions enriched with the shok wavelength 

'fluorescent, substances were obtained from HA and FA fractions on 'extraction by absolute 
ethanol. 'Part'of HA not extractable by ethanol did not give emission signal (460 nm) on 
excitation at 355 nm. The organic matters'in ethanolic extracts from FA is referred to as the 
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fluorescent fraction of FA (FFFA) in-the present study. We suppose that FFFA consists of 
coumarin derivatives, which are probably responsible for the fluorescence. 

IR spectra. The IR spectra of mumie fractions are shown in Figure 2. The characteristic 
absorption bands typical for humic substances are observed in IR spectra of fulvic and humic 
acids. The strong bands are present near 3400 cm-' (H-bonded OH), 2900 cm-l (aliphatic C-H 
stretching), 1720 cm-' ( G O  stretching of COOH and ketonic C=O), 1600-1660 cm-' (aromatic 
C=C and H bonded C=O), i420 cm-l (C-H bending of CH2 or CH3 groups), and 1240 cm-' (C-0 
stretching and deformation of CGOH) which were also reported in other publications [7,9]. 
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Fig. 1. The results of size-exclusion chromatography of FA (without dialysis) on Sephadex 625 
(1=60 mm, d=12 mm, eluent: distilled water, flow=0.3 m l h i n ) .  
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Fig. 2. IR spectra of humic substances from mumie. 

ROS production. Ethanol extract from FA fraction (FFFA, m.w. <3-5 kD) and dialyzed high- 
molecular weight fractions of mumie (FA and polysaccharide fractions) (m.w. >3-5 kDa) have 
been tested for their ability to modulate ROS production of murine peritoneal macrophages. The 
dose dependent activation in ROS production was observed with increasing concentrations of FA 
(Fig. 3) and duration (2 5 and 5 h) of cell pre-incubation with these mumie constituents. PF I had 
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the same effect on ROS production as the dialyzed FA. Nevertheless, PF I1 and 111 had no 
influence at the doses of 7 and 20 &ml. FFFA significantly suppressed the macrophage activity 
(not shown data). 
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Fig. 3. Effect of FA and polysaccharide fractions on ROS production by peritoneal macrophages. 
' 

'The results obtained suggest that stimulation effect of FA on ROS production by murine 
macrophages is connected with its polysaccharide fraction desorbed from DEAE cellulose by 0.5 
M NaC1. Removal of low-molecular weight fraction from FA by dialysis or ethanolic extraction 
increases the activation effect of the FA'on macrophages. 
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