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SEQUENTIAL INJECTION SPECTROPHOTOMETRIC
DETERMINATION OF ANALGINE IN PHARMACEUTICAL
FORMULATIONS USING 18-MOLYBDO-2-PHOSPHATE
HETEROPOLY ANION AS CHROMOGENIC REAGENT

Simple, sensitive and selective sequential injection analysis (SIA) method for the analgine
determination has been developed on the basis of fast reaction between analgine and 18-molybdo-2-
phosphate heteropoly anion (18-MPA). Under found optimal conditions (0.01 M HCI, C(18-MPA) =
2 mmol/L) linear calibration curve was obtained over the range from 0.5 to 80 mg/L of analgine, and
detection limit (S/N = 3) was 0.2 mg/L. The proposed SIA method has high sample throughput of 45 h*
and small reagent consumption (0.08 mL). The procedure was successfully applied to the analysis of
pharmaceuticals.
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Analgine (dipyrone, novalgin, metamizole), the sodium salt of 1-phenyl-2,3-
dimethyl-4-methylaminomethanesulfonate-5-pyrazolone, is a water-soluble pyrazolone
derivative available in oral, rectal, and injectable forms. Since its introduction in 1922 it
has been widely used as an effective analgesic, antipyretic, and antispasmodic drug in
several European, South American, and Asian countries [1]. Being an effective painkiller
in situations of severe pain its administration is sometimes associated with serious
adverse effects like an increased risk of agranulocytosis and shock [2]. Its therapeutic
relevance and the importance of the side effects have prompted the development of
several methods for its determination both in pharmaceutical preparations and biological
samples.

Various methods have been established for the quantitative determination of
analgine in pharmaceutical preparations and biological fluids, including titrimetry [3],
spectrophotometry [2; 4-7], sorption-spectrophotometry [8], multivariate spectroscopy
[9], chemiluminescence [10; 11], fluorometry [12], voltammetry [13-17],
chromatography [18], as well as spot test [19]. The iodometric titration of dipyrone is
recommended by the many national Pharmacopoeias but this procedure is very slow and
laborious, thus less applicable to large-scale analysis.

Flow injection analysis (FIA) arises ad a consequence of the growing trend towards
automation in chemical analysis, and as a natural evolution of the so-called continuous
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flow analysis which had revolutionized the conception of chemical analysis, especially in
the field of clinical analysis and sample manipulation. FIA belongs to a family of
analytical methods based on the injection of a sample (containing the analyte or its
reaction products) into a non-segmented carrier stream, which in turn carries it through a
chemical or physical modulator towards the detector. FIA is characterized by its
simplicity, speed, and accuracy of results. It is an alternative to other analytical methods,
with clear advantages in terms of the short time required for each assay [20].

Sequential injection analysis (SIA) has been introduced by Ruzicka and Marshall
in 1990 [21] as a following generation in the development of the flow injection technique.
The principles upon which SIA is based are similar to those of FIA, namely controlled
partial dispersion and reproducible sample handling. Normally FIA uses a multi-channel
pump and unidirectional forward flow; in contrast SIA uses a single-channel pump to
move the fluid zones in forward and reverse steps through a system consisting of a
holding coil (HC), a multiposition valve and a detector. The multi-position valve acts as a
central distributor through which required volumes of liquid segments are sequenced by
aspiration into the HC and then flushed by a flow reversal into the detector. As only one
pump is used to move the composite zone through the system, the sampling frequency of
SIA is generally lower than the multi-channel pump FIA method. However, the SI system
uses a smaller number of moving parts than a comparable FIA system and uses at least an
order of magnitude less of reagents, on the order of microliters. Manipulation of solutions
in an SIA system can be made via a computer keyboard using appropriate software. FIA,
being a continuous flow system, presents several disadvantages such as high consumption
of samples and reagents, a need for constant supervision of the peristaltic pumps, frequent
recalibration and manual adjustment of the system. Characteristic advantages of SIA thus
include its versatility, full computer compatibility, high sample throughput, and low
sample and reagent consumption. Therefore, its application to routine pharmaceutical
analysis has been proved to be very useful and of great potential [22].

Flow injection techniques employing amperometric [14; 15; 23], chemiluminescent
[10; 24], fluorometric [12], ionometric [25; 26], and spectrophotometric [1; 2; 7; 27]
detection have been successfully applied for analgine analysis in pharmaceuticals. No
SIA method has been reported up to now for the determination of analgine.

Iso- and heteropoly anions were among few analytical reagents proposed for the
spectrophotometric determination of analgine. Lately, the significance of the Wells-
Dawson heteropoly anion (HPA) 18-molybdo-2-phosphate P,M0;50¢,% (18-MPA\) for the
determination of a number of reducing agents in batch and sequential or stepwise
injection systems was shown [28-31]. It should be noted that the history of the application
of HPAs in analysis began with intensive use of complexes having Wells-Dawson
structure in biochemical analysis [30].

Analgine can reduce molybdate in acid medium with formation of isopoly
molybdenum blue. Reaction is fast but the intensity of the color obtained is small and
strongly depends on the conditions used. Thus, the FIA method proposed on this basis
had low sensitivity. The calibration curve obtained was linear in the range from 0.16 to
2.7 g L' of analgine [1]. Formation of heteropoly blue in the reaction between analgine
and 12-molybdophosphate leads to the high molar absorptivity for the analgine
(3.8x10™ mol™ I cm™). Nevertheless, the reaction is very slow and heating on boiling
water bath for 20 minutes is necessary for the completion of the reduction [32].

As a result of the search for the more appropriate reagent, very fast reaction of
18-MPA with analgine was proposed and studied in this paper. On this basis, the simple,
fast, automated, sensitive, and rather selective sequential injection method for the
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determination of analgine has been developed. The advantages of the proposed procedure
when applied to the analysis of pharmaceuticals were shown.

Experimental

Materials and Instrumentation. Ammonium salt of 18-molybdo-2-phosphate HPA
(NH,)6P2Mo041506,x14H,0 was synthesized according to the procedure described in [29].
0.01 M solution of 18-MPA was prepared by dissolving 0.7855 g of the synthesized salt
and diluting to 25 mL with 0.01 M HCI. The stock solutions of 0.01 M metamizole
sodium mononhydrate (Sigma, p.a.) was daily prepared by dissolving accurately weighed
amounts in 0.01 M HCI solution and stored in a refrigerator. The acetate buffer solution
of pH 5.0 was used for adjusting the pH of the samples. All chemicals were of analytical-
reagent grade.

Sequential injection system. A commercial FIAlab® 3500 system (FIAlab®
Instruments, USA) with a syringe pump (syringe reservoir 5 mL) and an 6-port selection
Cheminert valve (Valco Instrument Co., USA) was used. A tungsten light source and a
USB 2000 UV-VIS fibre optic CCD detector (Ocean Optics, USA) were connected to the
flow system via 600 um i.d. optical fibres having SMA connectors (FIAlab® Inc.,
Bellevue, USA). The entire SIA system was controlled using the latest version of the
FlAlab program for Windows. Flow lines were made of 0.75 mm i.d. PTFE tubing.
10 mm optical Z-flow through cells was used.

General SIA procedure. The configuration of the SIA manifold employed for the
determination of analgine is shown in Fig. 1. The analytical cycle began by filling the
piston pump syringe with 1000 L of the carrier solution (0.01 M HCI), which was drawn
into the syringe at a flow rate of 80 pL s™. This was followed by 40 pL of reagent
(2 mmol L™ M solution of 18-MPA in 0.01 M HCI), 160 pL sample or analgine standard,
and again 40 pL of reagent which were aspirated sequentially into the holding coil at 30
uL s! through separate ports (ports no. 5 and no. 4, respectively) of the multi-position
valve. The entire volume was then propelled at 30 pL s * through the Z-flow cell using
port no. 6. A spectrometer reference scan was made, and absorbance scanning began
immediately.

Fig. 1. Scheme of SIA manifold for the determination of analgine. CCD: charge-coupled detector; ZFC:
Z-flow cell; Vis—tungsten lump; MV: 6-port multi-position valve; HC: holding coil; SP: syringe pump;
SV: syringe valve; PC: computer; CS: carrier solution; W: waste; R: reagent; S: sample

Determination of analgine in pharmaceutical formulations. Five analgine tablets
were accurately weighed and crushed into a powder. An amount equivalent to one tablet
(500 mg) was weighed, dissolved in water and transferred to a 100-ml volumetric flask.
The mixture was placed into an ultrasonic bath for 5 min, and the volume was filled up.
The solution was then centrifuged at 5000 rpm for 15 min and filtered through a 0.45 um
membrane filter. An appropriate aliquot of this solution was used for the analysis.
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Results and discussion

Color reaction of 18-MPA with analgine. 18-MPA has certain chemical properties
which markedly distinguish it among other heteropoly anions used for the determination
of reducing agents. These are its comparatively high oxidation potential, rapid rate of
reaction with the reducing agents and strong coloration of the reduced forms. It can be
easily obtained in its pure form.

The completeness and the rate of the reaction between 18-MPA and analgine
strongly depend on the solution pH (Fig. 2). Analgine reduces 18-MPA in very wide
range of pH. In the given conditions, response was constant and maximal in the pH range
from 1 to 4. At pH < 1 rate of reduction of 18-MPA with analgine becomes very slow.
Decrease of absorbance at pH > 4 and especially at pH>8 is explained by growing extent
of 18-MPA destruction in basic medium. In such conditions, the concentration of the
18-MPA left in the solution is already insufficient for the complete oxidation of the
analgine. As can be seen from Fig. 2b, the main part of heteropoly blue is formed very
quickly during first minute of reaction, after that the absorbance increases only slowly.
pH 2.0 was chosen as optimal because in this case the reaction rate is the highest.
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Fig. 2. Dependence of heteropoly blue absorbance on the pH and reaction time in the reaction between
analgine and 18-MPA. C(18-MPA) = 1x10° M, | = 1 cm;A = 790 nm; a: C(Analgine) = 5x10°° M;
b: C(Analgine) = 2.5x10°%, pH = 2 (1), 1 (2), 3.5 (3), 0(4), 6 (5), 10 (6)

The spectrum of the heteropoly blue obtained for the oxidation of analgine by the
excess of 18-MPA is identical with that for the 2-e heteropoly blue formed in the reaction
between ascorbic acid and 18-MPA [30]. The absorption band maximum for this
substance is situated at 760 nm at pH 2.0 with a molar absorptivity of
1.1x10* mol™*-L-cm™

Stoichiometry of the reaction was studied using the molar ratio method. The
change in the absorbance of heteropoly blue was measured using constant concentration
of 18-MPA and varying concentration of analgine, and vice versa. In both cases, only one
intersection point was found on the experimental saturation curve at the ratio of 1 mol
18-MPA to 1 mol analgine. The absorbance remained constant even in the big excess of
analgine. Such stoichoimetry of the reaction is consistent with generally accepted scheme
for the reaction of analgine with most of oxidizing agents [17]. It is based on the
methanesulphonate group oxidation and can be formulated by the following equation.
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The various chemical and Sl variables of the SI system shown in Fig. 1 were
optimized using the univariate method at a fixed analgine mass concentration of 50 mg/L.

SIA procedure: Optimization of manifold parameters. Typical feature of the
optimization process used in the flow methods is the fact that the optimization of the
chemical variables should be repeated again even if such parameters were found
previously by the development of the corresponding manual spectrophotometric
procedure. In addition, the search of optimal values is as a rule more complex than for the
batch methods, often needing the multivariate optimization to be carried out. The found
optimal ranges of the variables are usually narrower.

In the first place, the order in which reactants are mixed in the holding coil has to
be found out. It was found that it is much better initially to inject the reagent and only
after that the sample. Even more better results were obtained when the sample was
sandwiched between two zones of the reagent. Observed increase in the intensity of the
signal may be explained if we take into account that relatively small volume of reagent is
mixed with big volume of sample in holding coil. Therefore, repeated addition of the
reagent allows to extend the zone in which reactants are effectively mixed.

Under the optimized conditions, the effect of the reagent volume on the analytical
signal was studied at different concentrations of 18-MPA in the range of 5-50 pL.
Increasing the concentration of the reagent increased the signal intensity, which had a
maximum at a volume of 25 uL for 4 mmol/L concentration of 18-MPA (Fig. 3a,
curve 3). A plateau is observed on the dependence of absorbance on the reagent volume
by using 2 mmol/L solution of 18-MPA from a volume of 40 pL. By using more diluted
reagent solutions it is difficult to obtain so high signal (Fig. 3a, curve 1).
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Fig. 3. Influence of reagent (a) and sample (b) injected volume on product absorbance at different
concentrations of 18-MPA: 1 mmol/L (al), 2 mmol/L (a2), 4 mmol/L (a3), 2 mmol/L (b),
C(An) =50 mg/L

11



ISSN 2306871 X. Bicuuk /IninponerpoBcbkoro yHiBepcurery. Cepist «Ximis», 2013. Bum. Ne 19

A comparatively high concentration of 18-MPC should be created in the solution to
ensure a broad range of linearity for the analyte and its complete transformation into the
colored product. Taking into account the high molar weight of the ammonium salt of
18-MPA (3142 g mol™), a considerable mass concentration of the heteropoly complex is
present in the solution. This may lead to a significant difference in the refractive indices
between the mixed liquid zones and consequently to high Schlieren effect [31]. Hence,
the concentration of 18-MPA of 2 mmol/L was chosen as optimal to keep good sensitivity
and simultaneously to reduce the Schlieren effect.

The influence of the sample volume was investigated by injecting volumes in the
range of 20-200 pL (Fig. 3b). A sample volume of 160 pL was then chosen as optimal,
considering sample consumption and the fact that maximum absorbance was achieved at
this value.

The effect of variation in the flow rate during the measurement stage with respect
to the shape and intensity of the recorded peak was investigated. The signal intensity was
independent on the flow rate in the range from 5 to 30 uL/s (Fig. 4b). Absorbance was
slightly decreased when using faster flow rates. Thus, a flow rate of 30 pL/s was chosen
as optimal to ensure a higher throughput value.
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Fig. 4. a: Typical SIA signals measured in triplicate which were obtained for a calibration

graph for the determination of analgine (concentration of analgine is given in mg/L);

b: Influence of variation of flow rate (in uL s™) on the peak shape. C(analgine) = 50 mg L™

Investigation of the influence of the delay time of reactants in holding coil on the
absorbance of the heteropoly blue formed showed that the response reached a plateau at
90 s, and the decrease in the absorbance due to the dispersion became significant after
200 s. But considering the fact that improvement in signal intensity was low, the delay
time of 0 s was chosen to retain the high throughput.

Aspiration of a series of standard analgine solutions resulted in the flow signals
shown in Fig. 4a. The equation of the calibration plot in the analgine concentration range
from 0.5 to 80 mg/L was as follows: Az = (0.015+0.036) + [(0.0141+0.0008)]xCanaigine:
(R? = 0.9988). The precision of the proposed method was checked by repeated aspiration
of the same standard analgine solutions. The relative standard deviations (R.S.D.) of 20
aspirations of each solution containing 2, 5, and 40 mg/L of analgine were 4.0%, 1.8%
and 0.4%, respectively. The limit of detection obtained with a peak height by three-times
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of the signal-to-noise ratio (S/N = 3) was 0.2 mg/L. Under the SIA optimized conditions,
the throughput was calculated as 45 h™, with negligible carryover.

Interference study. In order to assess the possible analytical applications of the SIA
method described above, the effect of interfering species on the determination of analgine
in real samples was studied by analyzing a model sample solution containing analgine
and various excess amounts of common interferents. The tolerance limit was set as the
maximum amount causing an error of <+ 5% in the absorbance.

No interferences were found for saccharose, acetylsalicylic acid, paracetamol,
nicotinic acid, caffeine, citric acid, glucose, talc, starch, and other excipients at ratios
[interferent]=[analgine] much higher than those found commonly in pharmaceuticals. At
least ten-fold excess of inorganic reducers or oxidants such as Fe(ll), Fe(lll), Cu(ll),
hydrazine, and sulfite had no influence on the determination of analgine. Reaction of
18-MPA with cysteine is fast and quantitative. The 18-MPA reacts with polyphenols but
under experimental conditions used in this study the reaction goes rather slowly. Thus,

analgine can be determined in the presence of comparatively big excess of polyphenols.
Table 1
Results for the determination of analgine in pharmaceutical preparations by the proposed method
(mg/tablet £ A, n = 5,95% confidence level)

. Found analgine, mg
Sample Composition oot
Analgine-Darnitsa 500 mg of analgine, excipients 495+15
. Sodium metamizole — 300 mg; paracetamol — 200 mg; caffeine
Pentalgine-IC — 20 mg; phenobarbital — 10 mg; codeine phosphate — 9,5 mg 3048
Tempalgine Tempidon — 20 mg; analgine — 500 mr 496+12
Belalgine Analgine — 250 mr; anesthesin — 250 mg; NaHCO; — 100 mg 25246
. Analgine — 125 mg; amidopyrine — 125 mg;
Phenalgine phenacetine — 125 mg 12343

Application. The determination results of the analgine content in some
pharmaceuticals obtained by the proposed method based have been presented in Table 1
and were in good agreement with the claimed value of producers in all instances, thus
confirming the accuracy of the developed method. Based on these results, it could be
concluded that no interference was found in the presence of complex matrices such as
common excipients and additives used in pharmaceutical preparations. It is thus possible
to use this method for the direct determination of analgine in pharmaceuticals without
separating potentially interfering materials.

Conclusions. Thus, a first example of SIA method for analgine assay in
pharmaceutical formulations was developed. The developed SIA method proved to be
more rapid, more selective and sufficiently sensitive when compared with most of the
reported spectrophotometric and FIA methods. The reaction of analgine with 18-MPA is
simple and direct. Unlike electrochemical procedures, the proposed method is robust and
relatively low cost in terms of equipment and operations when compared with methods
involving enzymes and chromatography.

It is very simple, direct, precise, notable for high sample throughput of 45 h™* and a
broad calibration range of 0.5-80 mg/L. Only small quantity of the reagent (80 uL of
2 mmol/L 18-MPA\) is consumed during one analysis. So, 100 mL of reagent solution is
wholly sufficient to work during one week. The reagent solution is stable and does not
need to be standardized before use.

The development of the presented method for analgine determination took
advantages of versatility from the sequential injection system. Optimization procedure
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was simple and quick and enabled to study reaction conditions in detail. High dispersion
leading to high mixing quality speeded up reaction process and resulted in high sample
throughput. The developed method was successfully applied for the analysis of real
samples with different matrix.

Compared to analgine determinations using HPLC separations the presented
method is suitable for quick screening of analgine content in a large amount of samples
that could be followed by detailed HPLC analysis of individual samples where higher or
lower concentrations were found. In the sequential injection systems, the volumes of
spent chemicals are significantly decreased and, thus, the term of ‘‘green analysis’’ is
applicable.
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Moxammen Kxaiip E. A. AJIB-IHBeI‘/'IsIT,1 AmHnpeii b. BI/IIJJHI/H(I/IH,2
JIronmuna I1. ]_[I:IFaHOK,Z E.B. Ka6amHaﬂ,2 Caetiiana A. XMeJ10}3c1<a$[,2 B. AHL[pyx,?’
S1. P. Basens,’ X. Cxuenaposa,” IT. Comux”

J.VHHBepCHT er ckui Ko/wie/K I. 3apka, IlprknaaHod yHuBepent er Amb-basika, Xariperd Japka
Amman, 3apka 13110, Hopranans
Z,ZZH€IYPOH€T POBCKHH HaI[HOHAJIbHBIH YHHBEPCHT eT umerH Onecs [ ordapa, np. [ arapuna, 72,
Jwenporer posck 49010, Ykpanra
*Yunsepenr er ITH. Illagaprxa, SK-01454 Kommnue, CroBankas peciyoiika
*Kapaos yrmsepenr er , CZ-50005 I'paxer Kpanose, Yewickas peciyomixa

CITEKTPO®OTOMETPHUYECKOE OITPEJAEJIEHUE AHAJIbBTUHA
METOJ0OM ITIOCJIEAOBATEJIBHOT'O MHXEKIIMOHHOI'O
AHAJIU3A B PAPMALIEBTUUYECKUX IIPEITAPATAX C
NCIIOJIb30OBAHUEM B KAYUECTBE XPOMOT'EHHOT'O PEATEHTA
18-MOJINB 10-2-®OCOPOPHOT'O TETEPOIIOJINMAHNOHA

Ha ocHoBe ObIcTpoii peaknmumu MeXAy AaHAJIBIMHOM W 18-mMoam6a0-2-hochopHbiM
rereponojuanuoHoM (18-M®K) paspaGoran mnpocroii, BbHICOKOYYBCTBUTEJIbHbI U CeJleKTHBHBIH
MeTO/l  Ompe/le/ieHHsl AHAJbIMHA MeTOAOM  IOCJIeJ0BATEeJbHOI0 HWHKEKIHOHHOTO aHAJM3a.
CootHomenue 18-M®PK u aHa/bruna, HalilecHHOe MeTOA0OM MOJISIPHBIX OTHOLIEHMI{, paBHAIOCch 1 : 1 1
COOTBETCTBOBAI0 OOMICNPHHATON cXeMe peaKnuH AaHAJbIHHA ¢ OOJbIIMHCTBOM OKHC/IUTeJeid,
BKJIIOYAIOIEil OKHCIIeHHe MeTaHCyab(oHOBO# rpynnsl. B ontumanbubix yciaosusix (0.01 M HCI,
C(18-M®K) = 2 mMoub/;1) IpagyMpoBOYHbIi rpaduk ObUI JIMHEEH B HMHTEPBaje KOHLEHTpaUMil
a”Hanbruia or 0.5 po 80 mr/a (mpemen oOHapy:kenusi 0.2 mr/ia). OTHOCHTeNbHOE CTaHJapTHOe
OTKJIOHEHME, PACCYUTAHHOMH 151 20 MHKeKUUii pacTBOpOB, coaepxamux 2, S u 40 mMr/;i1 aHajabIruHa,
ObL10 paBHBIM, cOOTBEeTCTBEHHO, 4.0%, 1.8% 1 0.4%. Ce1eKTUBHOCTH MO OTHOLIEHHIO K THUIMYHbIM
KOMIIOHeHTaM (apMalleBTHYeCKHX MNpenaparoB Oblia Bbicokoii. Ilpenno:xkeHHblii MeTon o0Janaer
BBICOKOH NMPOU3BOIUTEIbHOCTHIO (45 aHa/lM30B/4ac) U MaJbIM noTpedjieHueM peakTusoB (0.08 mu).
Mertopn 0b121 yeneniHo NpUMeHeH ISl aHAIN3a (papMaleBTHYeCKHX NpenapaTos.

Knioueswvie crosa: anamerut; 18-mo1m610-2-Gocdar; mociienoBaTeNbHbIi HHXCKIIMOHHBIA aHAJIH3.
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Moxammen Kxaiip E. A. Anb-IlIBeiisit," Anunpiii B. Bummnikin,? JTrooxmuna I1. [lurasok,?
K. B. Ka6amna,” Citnana O. Xmenoscbka,” B. Aunpyx,® 5. P. Basens,?
X. Cxnenaposa,”’ IT. Comix”
JYHI'BepCHT eT chKHH KoJlepk M. 3apka, [lprriaunii yHiBepeut er Amb-basika, Xariper 3apka
Amman, 3apka 13110, ﬁop,zzaHi,q
2 [linponer poschkuii manionamamii yrisepent er iveni Onecs Ioruapa, np. Iarapima, 72,
/leinporer poscek 49010, Yrpaina
*Yuisepeur er ITH. Illagaprxa, SK-01454 Kowmmne, CrioBanpka pecryoiixa
?Kapuis yrisepent er , CZ-50005 I'paxer; Kpasose, Yecska pecryoiika

CIIEKTPO®OTOMETPUYHE BU3SHAYEHHS AHAJIBTTHY
METO/JIOM ITOCJIIJOBHOT'O THXEKI[IMHOT'O AHAJII3Y B
OAPMAINEBTUYHUX ITPEITAPATAX 3 BUKOPUCTAHHSAM 5K
XPOMOTEHHOT' O PEATEHTY 18-MOJIIBJO-2-©OC®OPHOT'O
I'ETEPOIIOJITAHIOHY

Ipynryrouucr, Ha WBMAKIA peakuii Mk anaabrinom i 18-mMoai6mo-2-pocdopuum
rereponoJianionom (18-M®K) po3poO.enuii npocTuii, BHCOKOYYTJIMUBHN [ CeIeKTUBHHII MeTOx
BU3HAYCHHS AHAJbIiHY METOJAOM IOCJIiI0BHOrO iHxkeKuiliHOro anajuizy. CnisBignomenns 18-M®K i
aHAIBbriHY, 3HaiijeHe MeTOAOM MOJIAPHUX BigHOWIeHb, JopiBHIOBaJO 1 : 1 i Bignosiganao
3araJbHONPHUIHATIH cxeMi peakuii aHaJbriny 3 OULILIIICTI0O OKMCHMKIB, IKa BKJIIOYA€ OKUCJICHHS
MeTaHcyJab(onoBoi rpynu. B onrumaapnux ymomax (0.01 M HCIl, C(18-M®K) = 2 mmoun/x)
rpaayoBajbHuii rpagik 0yB aiHiliHuM B iHTepBaJi KoHUeHTpauUid ananbriny Bin 0.5 1o 80 mr/a (mexa
BuU3HaYeHHs 0.2 mr/i). BinHocHe cTanaapTHe BiaxuieHHsi, po3paxoBane 1Js 20 iH:kekuiii po3uuHis,
skl MicTuiau 2, 5 i 40 Mr/a anansriny, 1opiBHIoBao, Binnosiauo, 4.0%, 1.8% i 0.4%. CejeKTUBHiCTH
N0 BilHOIIEHHI0O [0 THIOBHUX KOMIIOHEHTIB (papManeBTHYHUX npenapariB 0yJja BHCOKOIO.
3anponoHoBaHuii MeTO Ma€ BUCOKY NPOAYKTUBHICTD (45 aHai3iB/roauHy) i Mai BUTpaTH peakTHBIB
(0,08 mur). MeTton O0yB ycmillIHO 3aCTOCOBAHUI VISl aHANI3Y (papMalleBTHYHHX NpPenapaTiB.

Kniouoei cnosa: ananerin; 18-momni6n0-2-pocdar; NoCiigoBHUN THKCKIIIHHUA aHAaTi3.
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