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Four simple, precise, low-cost, sensitive, and diversely applicable UV-Vis spectrophotometric methods
have been developed for the assay of dexmedetomidine hydrochloride in pure and pharmaceutical dosage
forms. The methods are based on the oxidation of the drug by N-bromosuccinimide (NBS) (excess) at room
temperature and estimating the amount of unconsumed NBS by amaranth dye at Amax = 530 nm (method A),
safranin dye at Amax = 530 nm (method B), aniline blue at Ayax = 610 nm (method C), or rhodamine B at
Amax = 360 nm (method D). Regression analysis of Beer-Lambert’s plots proves excellent correlation in the
concentration ranges 2-9, 4—11, 2—10, and 1.2-3.5 ug/ml for methods A, B, C, and D, respectively. The ap-
parent molar absorptivity, Sandell’s sensitivity, and detection and quantification limits are calculated. The
proposed methods can be applied to drug formulation and recommended for routine analysis in quality con-
trol laboratories. Statistical comparison of the results with the reference method shows excellent agreement.

Keywords: dexmedetomidine hydrochloride, N-bromosuccinimide, spectrophotometry, pharmaceutical
preparations.
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Jlist ananuza nexapcmeenno2o npenapama 0eKCmeoemoMuouna 2uOpoXIopudd 8 YUCmuIxX U apmayes-
MUYECKUX JeKaAPCMBEHHbIX QOPMax paspabomanvl yemvipe nPOCmulX, MOYHLIX, HEOOPOSUX, UYECMBUMETb-
HbIX U RPUMEHUMBIX O/l pa3IudHbIX yenel Y D-euo-cnexmpogomomempuueckux memooa. Memoowi ocrosa-
Hbl HA OKUCNEHUU JNeKapCmeenno20 cpedcmea uzbwvimxom N-opomcyxyunumuoa (NBS) npu xomuammuoi
memnepamype u oyeHke Koauuecmeda Heucnoawvszosannozo NBS ¢ nomowwio amapanmnozo kpacumens npu
Amax = 530 um (memoo A), cagppanurosoeco kpacumensi npu Amax = 530 vm (Memoo B), anununosoeo cunezo
npu Amax = 610 um (memood C), podamura B npu Apax = 560 um (memoo D). Peepeccuonnwiili ananus 3aeucu-
mocmeti Jlambepma—bepa noomeepoun omauunyro xoppenayuio 8 ouanazonax konyewmpayuil 2—9, 4—11,

““Full text is published in JAS V. 86, No. 4 (http://springer.com/10812) and in electronic version of ZhPS V. 86,
No. 4 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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2—-10 u 1.2-3.5 mxe/mn ons memooos A, B, C u D coomeemcmeenno. Paccuumanvl Kaxcyuwascss MOIAPHAS
abcopbyuonuas cnocobrHocmo, uyscmeumenvHocmos no CaHoeny, npedenvl 0OHAPYICeHUs U KOTULeCMBEH-
HO20 onpedeneHus.

Knrouesvie cnosa: oexcmedemomuouna euopoxiopud, N-OpoMCyKYuHUMuo, CRexmpo@pomomempus,
Gapmayesmuyeckue npenapamol.

Introduction. Dexmedetomidine hydrochloride [1] (DEX.HCIl), chemically described as
(+)-4-(S)-[1-(2, 3-dimethylphenyl)-ethyl]-1H-imidazole monohydrochloride,

is a potent and highly selective oz-adrenergic receptor agonist widely used for the sedation of initially incu-
bated and mechanically ventilated patients in intensive care units (ICU). DEX.HCI also offers good periop-
erative hemodynamic stability, an intraoperative anesthetic-sparing effect, and has sedative, anxiolytic, and
analgesic effects [2—7]. In addition to this, it also provides cardioprotection in coronary bypass graft surger-
ies [8], reduces the renal injury in the rat kidney [9], and balances pro- and antiapoprotic proteins [10].
It plays a major role in cellular plasticity and survival in rats [11]. DEX.HCI API is official in USP [12].

A literature survey reveals a few analytical methods for the estimation of DEX.HCI in biological fluids
and dosage forms: HPLC [13—-17], LC-MS [18-20], UV [21], and spectrophotometry [22]. However, the
reported methods are time-consuming, tedious, and require expensive analytical instruments. Spectrophoto-
metric methods are the most convenient techniques because of their inherent simplicity, high sensitivity, low
cost, and wide availability in quality control laboratories. Therefore, the development and validation of new
spectrophotometric methods for the determination of DEX.HCI are important.

The problem of the spectrophotometric determination of organic compounds in pharmacology was con-
sidered in [23-26]. Unfortunately, there are no reports on the application of spectrophotometric methods
with NBS. In this paper, we describe simple, sensitive, accurate, precise, and elegant spectrophotometric
methods for the determination of DEX. HCI in bulk and pharmaceutical dosage forms. These methods are
based on the oxidation of DEX.HCI with an excess of NBS, and unconsumed NBS is determined by its reac-
tion with four dyes such as amaranth, safranin, aniline blue, and rhodamine-B. The methods are more sensi-
tive than the existing ones and free from the impact of such experimental variables as heating or the extrac-
tion step. The methods rely on the use of simple, inexpensive chemicals and techniques but provide sensitivi-
ty comparable to that achieved by sophisticated and expensive techniques like HPLC. Statistical analysis of
the results indicates that the method yields reproducible values. Hence the proposed methods are validated as
per ICH guidelines and can be successfully applied for routine drug determination in pharmaceutical formu-
lations.

Experiment. A BL 198 Bio spectrophotometer (UV-Vis) with 1.0 cm matched cells was used for spec-
tral measurements. All reagents were of analytical grade, and double distilled water was used throughout the
experiment. Dexmedetomidine hydrochloride was obtained as a gift from Mylon, India; amaranth, safranin,
aniline blue, and rthodamine-B from S.D. Fine Chemicals PVT., Ltd., Mumbai, India, were prepared in the
required amount of distilled water. NBS was from Merck, Germany; H,SO4 and HCI were from Ranbaxy
Fine Chemicals, India.

A stock solution of dexmedetomidine hydrochloride (100 pg/mL) was prepared by dissolving 10 mg of
the drug in water and diluted in a 100 mL volumetric flask. The solution was further diluted quantitatively
according to their linearity range.

NBS was prepared by dissolving 0.02 g of the chemical in water with the aid of heat and diluting to
100 mL and standardized [27]. The NBS solution was kept in a refrigerator when not used.

For the analysis of the injection, the required amount of the drug (10 ug of DEX.HCI) was transferred to
a 100 mL volumetric flask and diluted with distilled water. An aliquot of the solution was analyzed as de-
scribed under the general procedure.

Different aliquots of standard DEX.HCI solution ranging from 2-9, 4-11, 2-10, and 1.2-3.5 pg/mL
were transferred into a series of 10 mL calibrated flasks for methods A, B, C, and D, respectively. To each
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flask containing the drug, in the order mentioned above, 1.0 mL of 0.02% NBS, after 5 min 0.4 mL of 0.1%
amaranth dye (method A), 0.4 mL of 0.03% safranin dye (method B), 0.6 mL of 0.2 M H2SO4and 0.9 mL of
0.02% aniline blue dye (method C), and 0.5 mL of 1 M HCI, and 1.1 mL of 0.01% rhodamine B (method D)
were added. The contents were mixed well, the volume was made up to the mark with water, and the absorb-
ance of each solution was measured at 530, 530, 610, and 560 nm against a reagent blank, similarly prepared
in the absence of the drug.

Results and discussion. The absorption spectra of the reaction products of dexmedetomidine hydro-
chloride and the corresponding reagent blank for methods A, B, C, and D are shown in Fig. 1. Beer’s law
was obeyed in the concentration range 2-9, 4-11, 2-10, and 1.2-3.5 pg/mL for methods A, B, C, and D, re-
spectively. The curves were found to be linear with different slopes and characterized by high correlation
coefficients in all cases.
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Fig. 1. Absorption spectra of DEX.HCI with amaranth dye (8 pg/mL) (method A), safranin dye (9.0 pg/mL)
(method B), aniline blue (6 pg/mL) (method C), rhodamine B (2.4 ug/mL) (method D) against reagent blank.

TABLE 1. Optical Characteristics and Regression Parameters of the Proposed Methods

Parameter Method A Method B Method C Method D
Color pink pink blue pink
Amax, NM 530 530 610 560
Beer’s law limit, pg/mL 2-9 4-11 2-10 1.2-3.6
Molar absorptivity, L - mol™" - cm™ | 1.7071x10* 1.1043x10* 1.3322x10* | 3.7034x10*
Sandell’s sensitivity, pg/cm? 0.01173 0.018136 0.015033 5.4079x10~*
LOD, pg/mL 0.0567 0.2274 0.0475 4.2556x10~*
LOQ, pg/mL 0.17182 0.68407 0.14402 1.2896x1073
Regression equation Y = BX+4

Slope B 0.1125 0.1118 0.1097 2.90135
Intercept 4 —-0.115 —0.38457 —0.2003 0.98198
Correlation coefficient r 0.9974 0.9901 0.9981 0.9941
Relative standard deviation” 0.014 0.018 0.014 0.018

N o te. Xisthe concentration of the measured solution (ng/mL) and Y is the unit for absorbance.

" Average of five determinations (concentrations of 3, 5, and 7 pg/mL (method A), 5, 7, and 9 ug/mL (meth-
od B) 4, 6, and 8 pg/mL (method C), and 1.6, 2.4, and 3.2 pg/mL (method D) for DEX.HCI, respectively.

The developed spectrophotometric methods are based on the redox reaction between the drug, dye, and
NBS (methods A and B), or drug, dye, and NBS in an acidic medium (methods C and D) at room tempera-
ture, respectively. In all the developed methods, NBS acts as an oxidizing agent. The proposed spectropho-
tometric methods are based on the reaction between DEX.HCI and the measured excess of NBS and the sub-
sequent determination of the latter by its reaction with a fixed amount of amaranth, safranin, aniline blue, or
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rhodamine-B in an acidic medium with measuring the absorbance at 530, 530, 610, and 560 nm. These
methods use the bleaching action of NBS on the dyes (the decolorization is caused by the oxidative destruc-
tion of the dyes). A fixed concentration of the dye was added to the decreasing concentration of NBS. In-
creasing the dye concentration after that is made proportional to the increasing concentration of the drug.
The suggested reaction sequence is shown in Scheme 1.
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Scheme 1.

N-Bromosuccinimide is used widely as an oxidizing agent for organic compounds. NBS has the ability
to oxidize the drug and dyes; 0.02% of NBS was found to be the optimal value for the drug oxidation. The
order of addition of the reagents plays a major role in the drug formulation. The drug solution added before
the addition of the dyes showed the maximum absorbance, and this order of addition was selected for all fur-
ther determinations.

The reaction was carried out at room temperature (25+30°C). Satisfactory maximum color intensity and
reproducible Amax Was obtained at room temperature. It was found that 10 min was optimum for the drug
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oxidation after the addition of the dyes; 2—5 min was required for bleaching. The colored products were sta-
ble for more than 24, 2, 2, and 12 h for methods A, B, C, and D, respectively.

The validity of the proposed methods was tested regarding linearity, range, limits of detection, limits of
quantification, accuracy, and precision according to the ICH guidelines [28]. Beer’s law range, molar ab-
sorptivities and Sandell’s sensitivities, regression equation, and correlation coefficients were evaluated and
given in Table 1. A linear relationship was found within the ranges 2-9, 4-11, 2-10, and 1.2-3.5 pg/mL for
methods A, B, C, and D, respectively. The proposed methods showed excellent linearity for the determina-
tion of the drug with high correlation coefficients in the range 0.9901-0.9981. High molar absorptivity in the
range 10°~10* and low Sandell’s sensitivity values (0.011-5.4x10~%) showed that the methods were sensitive.
Regression analysis of the Beer’s law plots revealed a good correlation. The calibration graphs showed a
negligible intercept as described by the regression equation obtained by the least square method. The limits
of detection (LOD) and the limits of quantification (LOQ) were calculated as LOD = 3.3c6/S, LOQ = 100/,
where ¢ was the standard deviation of reagent blank determination, and S was the slope of the calibration
curve. Such values confirm the excellent sensitivity of the proposed methods. Beer’s law curves of DEX.HCI
with dyes for methods A, B, C, D are shown in Fig. 2.
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Fig. 2. Beer’s law curves of DEX.HCI: a — with amaranth (1), safranin (2), and aniline blue (3)
for methods A, B, and C; b — with rhodamine B (method D).

TABLE 2. Recovery (%+RSD?) of the Drug from the Solution with a 100-fold Excess
of Various Additives used as Excipients

Excipients Method A° Method B¢ Method C¢ Method D°
Lactose 99.8+0.2 99.8+0.2 99.9+0.2 99.74£0.3
Sucrose 98.7+0.4 98.7+0.4 99.7+£0.3 99.6+0.2
Dextrose 100.0+0.1 100.0+0.1 100.0+0.1 100.0£0.2
Talc 99.7+0.3 99.7+0.3 99.9+0.3 98.9+0.2
Starch 99.8+0.1 99.9+0.2 100.01+0.1 99.7+0.2

®Mean = % RSD, n = 3, mean of three determinations.

® Concentration of DEX.HCl used 5 pg/mL (Method A).

¢ Concentration of DEX.HCl used 7 ng/mL (Method B).

4 Concentration of DEX.HCl used 6 pg/mL (Method C).

¢ Concentration of DEX.HCI used 2.4 pg/mL (Method D).

The effect of common excipients used in the pharmaceutical preparation were studied by analyZing syn-
thetic sample solutions containing the quantity of drug as mentioned in Table 2 in the presence of a 100-fold
concentration of each excipient. The tolerance limit was defined as the concentration giving an error of
+3.0% in the determination of the drug. Common excipients such as dextrose, lactose, talc, and starch had no
influence on the analysis.

The precision of the methods was calculated in terms of intermediate precision by taking five replicate
measurements (intraday and inter-day). Intraday precision was evaluated by measuring five independent
samples at three different concentration levels 3, 5, 7; 5,7, 9; 4, 6, 8; and 1.6, 2.4, 3.2 pg/mL for methods A,
B, C, and D, respectively. Similarly, inter-day precision at the same concentration level was repeated for five
consecutive days (Table 3). The percentage relative standard deviation values were < 2% (intraday) and <3%
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(inter-day), indicating good precision of the methods. The available pharmaceutical dosage forms of the in-
vestigated drug were analyzed by the proposed methods.

The proposed methods were applied to the quantification of DEX.HCI in formulations. The results in
Table 4 showed that the methods are successful for the determination of DEX.HCI, and the excipients in the
dosage form do not interfere. The results obtained from the assay of DEX.HCI by the proposed methods and
the reference method [21] are presented in Table 4. The results agree well with the label claim and are also in
agreement with the results obtained by the reference method. When the results were statistically compared
with those of the reference method by applying Student’s #-test for accuracy and F-test for precision, the cal-
culated #- and F-value at 95% confidence level did not exceed the tabulated values (r = 2.44, F = 5.05), re-
spectively, for five degrees of freedom. Hence, no significant difference existed between the proposed meth-
ods and the reference method with respect to accuracy and precision.

TABLE 3. Intra-day and Inter-day Precision Data of the Determination of DEX.HCI

Formulation Intra-Day Inter-Day
Amount taken Amount found | %Recovery+ | Amount found | % Recovery +
(ng/ml) (ng/ml) %RSD? (pg/ml) %RSD"
3.0 3.10 100.3+2.15 2.99 96.65 +1.98
DEX.HCI(A) 5.0 5.02 100.4 + 1.34 4.97 99.40 +1.25
7.0 6.99 99.85 +0.99 7.01 100.1 +1.02
5.0 4.98 99.60 + 1.39 5.01 100.2 +£1.29
DEX.HCI(B) 7.0 7.01 100.1 £2.90 6.99 99.85+2.82
9.0 8.99 99.80 + 1.25 8.94 99.33 +£1.21
4.0 3.99 99.75+2.23 3.98 99.50+2.18
DEX.HCI(C) 6.0 6.02 100.3 £0.84 5.97 99.50+0.75
8.0 7.96 99.50 £ 1.42 7.98 99.75 £ 1.40
1.6 1.601 100.0 + 1.69 1.59 99.37 +1.56
DEX.HCI(D) 2.4 2.39 99.58 £ 2.60 2.40 100.0 £2.70
32 3.18 99.37 £2.71 3.19 99.68 + 2.69
? Mean value of five determinations,
®Mean of five determinations performed over a period of five days.
TABLE 4. Analysis of Drugs in Pharmaceutical Formulations
Method | Drug Formulations | Label claimed % Recovery + SD
Proposed Method ? | Reference Method (UV)
99.94 +0.50
A "Dexem, inj 100 pg/1mL t=0.77 99.67 £0.71
F=2.01
99.27 +0.82
B Dexem, inj 100 pg/1mL t=0.40 98.99 +0.77
F=1.13
199.24 +0.46
C ‘Dextomid 200 pg/2mL t=0.36 199.15+0.39
F=1.39
200.01 £ 0.7
D Dextomid 200 pg/2mL t=0.25 199.91 £ 0.65
F=1.15

# Mean of five determinations + standard deviation. n = 5; the ¢- and F-values obtained after comparison to
the reference methods, which have the following theoretical values at 95% confidence limit ¢ = 2.44 and
F=5.05. After adding the pure drug to the fixed concentration of preanalyzed pharmaceutical formulations.
®DEX.HCI equivalent to 100mcg/ImL (Themis Medicare Ltd., India) for methods A & B.

‘DEX.HCI equivalent to 200png/2mL (Neon Laboratories Ltd., India) for methods C & D.
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The reliability and accuracy of the proposed methods were further ascertained through recovery studies
using the standard addition method (adding different amounts of the standard drug to the pre-analyzed dos-
age forms so that the cumulative amount after adding the drug did not exceed their linearity range). The re-
covery of the pure drug added was quantitative, and the co-formulated substances starch, talc, dextrose, and
lactose did not interfere in the determination. The results of the recovery study are compiled in Table 5.

TABLE 5. Results of the Recovery Study via the Standard Addition Method

Method | Formulation Amount of drug Amount of pure *Total found, | % Recovered +
taken in inj, pg/mL | drug added, pg/mL pg/mL % RSD

Dexem, inj 3.0 1.0 4.01 100.25+1.19

A (100 pg /mL) 3.0 3.0 5.99 99.83 +£1.03
3.0 5.0 7.98 99.75 +£2.01

Dexem, inj 2.0 4.0 5.99 99.83 +1.27

B (100 pg /mL) 2.0 6.0 7.78 97.25+£0.74
2.0 8.0 9.91 99.1 £0.57

Dextomid 2.0 3.0 4.97 99.40 +2.0
C (200 pg /2mL) 2.0 5.0 6.86 99.80 £ 1.1
2.0 7.0 8.97 99.66 + 1.7
Dextomid 1.0 1.0 1.98 99.0+1.0

D (200 pg /2mL) 1.0 1.8 2.75 98.21+£2.5
1.0 2.6 3.56 98.88 £2.1

*Mean value of five determinations.

Conclusion. The proposed spectrophotometric methods are very simple, rapid, sensitive, and reproduc-
ible for the determination of DEX.HCI in pharmaceutical forms. The methods do not suffer from the instabil-
ity of colors as the bleaching of dye is involved. The time required for the entire analysis is only 15-20 min.
The proposed methods have comparable analytical performances and are devoid of any potential interfer-
ence. The accuracy, precision, and cost-effectiveness of the methods suggest their potential application in
quality control laboratories where sophisticated instruments are not available. Therefore, the proposed meth-
ods can be recommended for the routine analysis of DEX.HCI in quality control laboratories.
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