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ABSTRACT
NIGERIATetracydine hydrochloride was

coupled with 4-nitrobenzenediazonium
hydrogen sulphete in aqueous medium.
Freshly prepared cold saturated solution of
sodium ocetate focilitated the coupling
reaction af room temperature thus
obviating the high temperature required for
coupling in the method of Kakemi, Arita,
Sezaki and Nadal ( 1). The azo produdt in
0.1Msodium hydroxide solution had o, of
425 nm and an E_, of 27,800 L-mol' em'.
Beer'slaw was obeyed ot this __, in the range
of 0 15 g/ml of tetracycline hydrochloride.
The developed method was applied to the
determination of fetrocycline hydrochloride
in the presence of capsule excipients and in
capsule dosage form.
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tetracycline hydrochloride, couple, 4-
nitrobenzenediozonium hydrogen
sulphate.Compounds containing the
phenolic group undergo certain
characteristic  reactions such os
complexation with ferric ion, bromination
with bromide-bromate solution in acidic
medium ond coupling with diazotised
primary oromatic omines. These reactions
have formed the basis for the development
of many analyfical methods for such
compounds.  Colorimetric methods are
common in analysis because of their
simplicity, accuracy and sensitivity without
resori lo exponsive instrumentation.
Amongst the above- named analytical
reactions for phenolic compounds, the
coupling readtion with diazotised primary
aromatic amines s the most sensitive. This
is as a result of the extensive conjugation in
the azo produd which enables it fo strongly
absorb visible light energy thus making it
possible for trace quantities of phenolic
compounds o be determined. Voriationsin

the structure of the primary aromatic amine
vsed for forming the diazonium salt, the
coupling medivm and the final medium in
which the azo product is measured, can have
profound effedts on the absorption
characteristics of the azo product.  The
reaction conditions for such coupling have
been established. Generally, the primary
aromafic omine is diazotised in acidic
medium and coupled with the phenolic
compound in mildly alkaline medium ( 2 ).
Many methods have been
developed for the defermination of the
bacteriostatic antibiotic, 4-{dimethylamine)-
1,4, 40,5, 50, 6,11, 12a oclahydro-3, 6,
10, 12 120-pentahydroxyl-6-methyl-1, 11,
-dioxo-2-naphthacene-carboxumide
(tetracycline) and its hydrochloride. These
include titrimetric { 3-5 ): densitometric {6 ):
polarographic ( 7,8 ); spectrophotometric {
9- 15 ); fluorimetric { 16- 21 }; liquid
chromatographic(22- 32); high
performance liquid chromatographic { 33-
34 ): chemiluminescence { 35 ) and fourier
transform medium infro-red and near infra-
red spectroscopic ( 36 ) methods.
Tetracycline hos also been assayed by
microbiological method (37, 38 ).The
colorimetric method of Kakemi et al. ( 1)
involves the coupling of fetracydine with
diazotised 4-nitrouniline.  However, the
experimental conditions for the reaction
involved coupling af 65C for 45 minutes.
Generally, diazotisation and coupling
reactions take place of reduced temperature
of below 15C ond occusionally at room
temperature because of the instability of
digzonium salts. Also, some diazonium salts
have been reported to explode violently
when heated ( 39 ). More importantly, for
routine analytical purposes, reactions that
are fast under ambient conditions would be
preferred.  With this background, the
coupling of tetracydine hydrochloride with

diazotised 4-nitrouniline was investigated
to establish fost analytical conditions af
room temperature.

EXPERIMENTAL
Apparatus

Double beam Pye Unicam
SP1800 wultra-violet/visible
spectrophotometer with model ARS5 linear
recorder (Pye Unicam, England) and 1-cm
quartz cells were used to obtain all spectral
measurements.

Reagents

The following reagents were of
onalytical or pharmaceutical grade and
were used s obtained.  4-nitroaniline,
sodium nitrite, 95% ethonel, acefone and
magnesium stearate were obtained from
Merck, Darmstadt, West Germany; sodium
acetate trihydrote, -loctose monohydrate
and soluble starch were from BDH
Chemicals Lid., Poole, UK. Sulphamic acid
was from Fluka A.G., Buchs; sodium
hydroxide pellets from Halewood Chemicals
Ltd., Middlesex, UK; glacial acetic acid from
Haig Laboratory Chemical Corporafion,
Middlesex, UK: sulphuric acid 98% (7/.)
from May and Baker Ltd. Daggenheim, UK
and tetracycline hydrochloride from Afro-
Arab Techni-Chemicals, Lugos, Nigeria.
Reference standard tetracycline
hydrachloride was obtained from Council of
Europe Pharmucopoeia, Strasbourg,
France, Brands of tefrocycline
hydrochloride capsule were purchased from
local pharmacy shops. Distilled water was
used for preparing all the solutions and all
the reactions were carried out ai room
temperature excepl when specified.

Procedure
Stock 4-nitroaniline solution was
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prepared by suspending 3gin 30 ml distilled
water in o 100m! beaker.  30m!
concentrated sulphuric add was slowly
added to it with stirring. After cooling, the
red coloured solution was transferred info @
100ml volumetric flusk with the cid of
distilled water and made up fo mark
withdistilled water.

Diazotisafion

To 95mi of distilled water in g
100m! volumetric flask was added Tml of
Ihe 4-nitroaniline stock solution followed by
addition of Tml 10% (/) of sodium nitrite.
After allowing 10 minutes, Tml of 10% (*/))
of sulphamic acid wos odded and after
another 5 minutes, the solution was made
up fo mark with distilled water.

Coupling

Appropriate volumes (0.5 2.5ml)
of freshly prepared stock solution of
fetracycline hydrochloride (120 g/ml)
were taken in 20 ml volumetric flasks.
Distilled woter was odded to bring total
voiume of each flask to 2.5ml and 1.0ml of
freshly prepared cold saturated solution of
sodium ocetate wos added 1o each flask
followed by addition of 1.0ml of the freshly
prepared diazonium salt. The flasks were
left at room temperature for 30 minutes
and thereafter brought to mark with 0.1 M
NoOH. A blonk was similarly prepared by
using distilled woter in place of the
tetracycine hydrochloride stock solution.

Excipients and Dosage Form

For the determination of
fetracycline hydrochloride in the presence
of excipients, appropriate amounts of drug
and excipient were weighed, mixed and
dissolved/suspended in distilled water. For
the dosage form, the contents of twenty
capsules were weighed, mixed and
appropriate weight of powder containing a
known amount of tetrocycline
hydrochloride was dissolved/suspended in
water. From the separate solutions, stock
solufions of tetracycline hydrochloride
containing 120ng/ml were prepared.

Thereafter the procedure for coupling was
followed.

RESULTS AND DISCUSSION

Phenolic compounds generally
couple with diazotised primary aromatic
amines of the para-position and when this
position is not free, coupling occurs at the
ortho position ( 40 ). In tetracycline, one of
the ortho and one of the meta positions fo the
hydroxyl group of the phenolic moiety are
substituted. Moreover, the substituted ortho
posilion carries a conjugated carbonyl and
since coupling is an electrophilic substitution
in which the diazonium salt is the attacking
electrophile, this would lead fo deactivation
of the aromatic ring hence decreosed
readtivify to electrophilic reagents. This is
why the coupling reaction in the method of
Kakemi et al. { 1) was corried out ot an
elevated femperature o help accelerate the
reaction. |f was also observed that af room
temperature, the coupling reaction between
tetracycline hydrochloride and 4-
nitrobenzenediazonium hydrogen sulphate
proceeded slowly in water. Thus it became
necessary to look for alternative ways of
uceelerating this reaction without resort fo
high temperature.

For diazotisation ai room
temperature, it was observed that the same
results were obtained when 5, 30, 60 and
120 minutes were allowed for the reaction.
In conjunction with the instantaneous
discharge of the yellow colour of 4-
nitroaniline solution upon the addifion of
sodium nitrite, diazofisation occurred very
quickly and was complete within 5 minutes.
The destruction of excess sodium nitrite by
sulphamic acid was observed 1o give more
stable absorbance readings of the ozo
produd.

The effect of cold saturated
solution of sodium acetate, 0.IM sodium
hydroxide ond distilled water on the
progress of the coupling reaction at room
temperature is shown in Fig. 1. In distilled
water, 0.1M sodium hydroxide and 0.2ml of
saturafed sodium acetate, the coupling
reaction was quite slow at room temiperature

as it did not reach completion even after
one hour. However, with Tml of cold
safurated solution of sodium acetate, the
reaciion wos accelerated and within 30
minutes, it had reached completion as the
reading of the azo product became
constant.

It was however observed that the
absorbance readings of the azo product
when coupling was carried out in presence
of Tml 0.1M sodium hydroxide and 0.2ml
of saturated sodium acetate were higher
than those obtained when reaction was
carried out in Iml saturated sodium
acetate. The effect of varying amounts of
cold saturated solution of sodivm acetate
on the coupling reacfion was therefore
investigated.  Fig. 2 shows that os the
amount of sodium acetate increased, the
absorbance of the azo produdt decreased.
This is due to the effed of the medium on
the absorptivity of the ozo produd. Thus,
the amount of sodium acetate has effect
both on the rate of the coupling reaction
and on the absorptivity of the azo produdt.

Table 1 shows the stability of the
azo produd in the presence of varying
amounts of saturated sodium acefate. It
shows that the product when coupling was
carried out in the presence of Tml sodium
acetate wos more stable. In 24 hours
variafion in reading was only 0.6%.
However, Beer's low wos obeyed when
coupling was carried out for 30 minutes in
the presence of 0.2 ml of sodium acetate
and readings faken within one hour. The
regression equation for the results in this
medium is A = 0.001 + 0.072C E,, =
34,500 L mol" am’. r = 0.9998 where A
and C represent absorbance and
concenrafion { .1g/ml) respectively. The
azo product obtained for coupling in 0.1M
sodium hydroxide was however very
unstable s the colour faded quite quickly.
Sensitivity considerations would favour
coupling in low amounts of sadium acetate
or dilute sodium hydroxide, however
coupling in the presence of Iml cold
saturated solution of sodium acetate was
adopted because of the completeness of the
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coupling reaction and stability
considerations.

lt was ohserved that optimum
result was aftcined when the amount of
diazonium salt was equal fo or greater than
3.5 times the amount of the drug. Alse,
when higher amounts of the diazanium salt
were used, the blonk become more
coloured. Thus in the procedure adopted,
the ratic of the diazonium salt to drug was
not less than 4 even for the highest drug
(oncentrafions.

The effect of alcohol and acetane
which hove been reported to repress the
development of colour in certain coupling
reactions { 41 ), was investiqoted.  While
both of them decreased the absorption of
the azo produd, the decrease by acefone
was more than that by ethanol. Also, in the
presence of acefone, the blank was coloured
green and this colouration increased as the
amount of acetone increased.

The effect of the diluting medium
on the absorption characteristics of the azo
product is shown in Fig. 3. Under the
conditions of the experiment, the optimum
dilufing medium is 0.1M NoOH. It was
however observed that using more
concentrated solutions of sodium hydroxide
as diluting solvent led o decrease in the 425
nm peck and the subsequent appearance of
another peak af 570 nm. The intensity of
the 570 nm peak increased with increase in
the concentration of the diluting sodium

hydroxide solution while the 425 nm peak
decreased simultoneously.  When the
diluting medium was 2.0M NaOK, the az0
product was coloured viclet but the colour
faded very quickly. Thus, this 570 nm peak
in such a medium cannot be used for
quantitative purposes. Itwas also observed
that increased acidity of the medium during
coupling led to decrease in the absorption of
the aze product.

Fig. 4 shows the effect of
femperature on the coupling reacion. If
was observed that os temperature
increased. the colouration of the blank
increased significantly. This may be due 10
increased hydrolysis of the diazonium salt
and the acceleroted reaction between the 4-
nitrophenol produced with the remaining
diazonium salt. This increased colouration
of the blenk, decrecsed amount of
diazonium salt left for coupling with
tetracycline hydrochloride and the increased
rate of the coupling reaction between
tetracycline hydrochloride and the 4-
nitrobenzenediazonium salt as temperature
incrensed can explain the observed
temperature profile.

The above observations have
culminated in the optimum experimental
conditions os stated in the procedure above.
When the procedure was applied to standard
tetracycline hydrochloride solutions, Beer's
low was obeyed as 425 nm from 0 15,

/ml. The equation of the straight line is A

=0.002 + 0.058C where A is absorbance
and Cis the concentration of the drug in
ug/ml. The correlation coefficient s
0.9999. The method was validated by
applying it in the determination of
tetracydine hydrochlaride in the presence
of common excipients and finally used to
determine tefracycline hydrachloride in
capsule dosage form. The results are
shown in Table II. The excipients do not
interfere in the determination of
tetracycline hydrochloride using this
method. F-test was used to compare the
results cbtained using the method
developed here with that by Kakemi et al. {
1 ) for the defermination of tetracycline
hydrochloride in capsule dosage form. The
F-ratio obtained (0.57) is less than the
fabuloted F, , ;... Therefore there is
statistically no significont difference
between the results obtained by both
methods at 95% confidence level.
(omparing the absorption characteristics,
“ values are 475 nm and 435 nm while
E,. values are 27,800 and 13,500 L mol -
«m’ respectively by the method developed
here and by their method. Thus the
method developed here is equally os
accurate but more sensifive than their
method. More imporfantly, the readtion
for the method developed here is at room
temperature and oceurs quite quickly. The
method developed here can be quite
valuable for routine and trace
determinations of tetracycline

hydrochloride.

Tablel: Stability of the azo product as a function of the amount of suturated sodivm acetate

Volume of saturated Absorbance at 425 nm’

Sodium acetate (ml) Thour - 2 hours 4 hours 24 hours
0.01 072 0.708 0.696 0.685
0.20 0.740 0.735 0.725 0.716
1.00 0.506 0.507 0.504 0.503

" Concentration of tetracycline hydrochloride in each case is 8.856 j1 g/ml.
Table 1: Determination of tetracycline hydrochloride in the presence of excipients and in capsule dosage form
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ABSORBANCE

Excipient Mean Recovery Standard Error of Mean (n =5)
Starch 99.23 0.95

Laclose 98.25 0.76

Magnesium Stearate 98.59 0.81

Brands

A 98.20 0.58 97.65 1.08'

B 98.80 1.30 98.65 1.37

*Results obtained using the method of Kakemietal (1).
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FIG.1.  Progress of the coupling
reaction under different
conditions. A coupling in 0.2ml
saturated sodium acefate; B
coupling in Tml
0.1M sodium  hydroxide; (
coupling in 1ml saturated sodium
acetote and D coupling in Tml
distilled water.
Concentration of fetracycline
hydrochloride 8.856,.g/ml.
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i | the volume of saturated
9 sodium ccelate in the
- coupling medium.
© 044 Coupling time is
= 30 minutes in all cases
= and concentration of
5 tetracycline hrdrmhloride
b is 8.8561g/ml.
=L
0.2 -
1 - 1 — e L 1
0.4 0.8 0.12 1.6
Fig 2 e
E
08|- B
0.6 < . _
" FIG.3.  Absorption of the azo product as o fundtion
of the concentration of the diluting sodium hydroxide
solution. A 0.05M; B 0.IM; C
- 0.2M; D 1.0M ond E  2.0M. Concentration of
o 7 tetracycline hydrochlorideis 13.60 (1g/ml.
: Q)
ca
o E
o 0.4}
@
<
c
A
0.2}
B
1 1 | 1
Fig 3 T30 570 600

»(nrn}

m The Nigerian Journal of Pharmacy - Voaliwme 37, Apnil - Jupe, 20403



ORIGINAL RESEARCH

ABSORBANCE

. Pernarowski M., Searl RO. and Noylor | (1969). Application of chsarbunce rafios 1o analysis of pharmeceuticals V. Analysis of tetracycline hydrochloride in the presence of

. Chatten LG, and Krause 5.1 [1971). Colorimatric assay of tetracycline anfibiotics. J. Pharm, Sci, 60,107 10

" Roushdil M., Ibrahim E A., Beltagy Y A.and Issa (1973). Colorimetric methods forthe estimation of fetracydine hydrochloride and oxytetracydine hydrochloride. Pharmazie, 28, 736 7.
. 7uk©. ond Regosz A, {1980). Studies on the spectrophotometric determination of tetracydine and it degradation products. Pharmazie, 35,24 6.

. Sultan S.M. (1986). Spectraphotometric determination of tetrocycline with sodium molybdate. Analyst {London), 111,97 99

 KellyRG., Peets L M. and Hoyt K.0.(1968). Fluorimetric methad of analysis of tetracycline. Anal. Biochem., 28(1 3), 222 §

. Poiger H_ond Schlatter (. (1976). Fluorimetric determinationof tetracyclinesin biologicol materials. Analyst (Londenl, 101(1207), 808 14.

_ HallD.(1976). Fluarimetricassoy of tetracycline mixtures. | Pharm. Pharmacol., 28,420 423.

_ RegoszA. (1979). Rapid column chromatographic determinafion of tetracycline and its degradation products, S<i. Pharm. 47, 225 31.

 Rogorzi £ and Veronese G. (1977a). Simple method for the quantitative analysis of tetracydines by diredt fluorimetry ofter thin-layer chromatography an celulose plafes. J. Chromatagr.,

. TukG., Dembek-Luknsiok ). ond Regosz & (1978). Fluorimetric determination of tetrocydline hydrochloride S Pharm. 46,249 54.

. Selzer 6.8, and Wright W W_ (1957). Paper chromatography of tetracycline antibiotics and their epimers. Anfibiot. & Chemather, 7., 297 6

. AddisonE. and Clark R.G.(1963). Determination of epitetracydine and tetracycline by ion-exchange paper chromatography and Pharmacel | 15,268 72.

. Grifliths B.W. [1966). Separation and analysis of degradation produds of tetracyine by gelfiftration on Sephodex 6-25, J. Pharm.5¢l,, 55,353 5

 Simmons D.L, RanzR.J,, WooH.5.L. and Picote P. (1969). Quantitative determination of tefracycline hydrachloride by thin-layer chromatography. J. Chromatogr., 43,141 4.

" Mscione PP, ond Chrekion GP. (1970). Separation ond delermination of anhydrotelracycline, 4-epionhydrotetracycline, tetracycline and 4-epitetracydine in a tetracycline

 Fike W.W. and Brake N.W.(1972), Modified methad for determining letracycline, 4-epitetrocycline and anhydrotetracydines in tetracydine bose or hydrochloride. J. Pharm. Sci
. TsujiK.ond Robertson J.H. (1976). Analysisof tetracycline in pharmaceutical preparations by improved high-performance liquid chromatagraphic method J Pharm.Sa, 65,400 4.

. Ragazzi £, and Veronesse 6. (1977h). Gel chromatography of tetracydine antibiotics. |. Chromatogr. 134, 223 9.

 Hendrix C, Roets E, Crommen J, De Beer J, Porgueras E, Bossche V.D. and Hoogmartin 1. (1993).  Collaborative study of the analysis of tetracycline by liquid}
_ Bryan P.D. ond Stewart LT. (1994). Chromatagraphic analysis of selected tetracydines from dosage forms and bulk drug substance using polymeric columns with acidig

 KhismataullinR., Xuzyoev R, Lyapunoy Y. and Eliovike E.(2003). Modification of microbiclogicol detection method of tetrecycine in honey. APIACTA, 38, 246 248
. Jevinova P, Dudrikova £, Sokol J., Nagy J., Mate D., Fipova M. und Cobadaj R. {2003). Determination of axyietracycine residues in milk with the usc of HPLC method and fw

0.6

FIG.4.  Effect of temperature on the coupling

reaction. Coupling time is 30 minutes and dﬁuﬁn?

- medium is 0.1M NoOH.  Concentration o
tetracycline hydrochlorideis 10.631g/ml.

0.4 )-

KokemiK_ AritaT, SezakiH. and NodaiT{1962). Determination of antbiotics. YIV. Colorimetric dstermination of tetracycline. Yakugaku Zasshi, 82, 297 9.
MorrisonR.Tand Bayd R.M.{1971). Organic Chemisiry, Allyn and Bacon Inc., Boston pp. 780

Yokoyama F. and Chatten LG. (1958). Non-aqueous fitration of the tetracycline anfibiotics and commercial preporations. Amer. Phorm. Assoc., 47, 548 53.
Haroun |, and Khatab F.{1978). Semi-micra determination of tetracydlines using N-bromosucdnimide. Ind. J. Pharm., 40,12 13.

Flsayed M.A., Obiakara & C. ond Uzodinma .U (1981). Bromination methods  for determination of phenylephrine hydrochlorids in nose drops, salicylamide in tablets and tetracycline
in capsules. J. Assoc. 01 Anal. hem., 64, B60 3.

Radecko C andWilson W L (1971). Direct densitometric determination of tetracycline in pharmaceutical preparations. |, Chromatogr 57, 297 302,
DoanL. ond Riedol B.C (1963). Polaregrophic estimation of anfibiotics. Can. Pharm. 1, Sci.Sect., 96, 109 11

CoplisM.E., Ragheb K 5. and Schall E.D(1965). Determination of tetracydine anfibiotics by alternating urrent palarography, J. Pharm 5C, 54, €94 8.
Kohn KW, (1963). Determination of tetracyclines by extraction of fluorescent complexes. Applicationta biological materials. Anol. Chem. 33,862 6

arhydratetracydine and epionhydrotetracycline. J. Phorm, 5ci,, 58, 470 2.

Needleman|.6., Grahn M.F.and Pandya N.Y. (2001). A rupid spectrophotometric assay far fefracyclirte in gingival crevicular fluid J. Clin. Periodontology, 28(1), 52 56

132,105 14.

mixture, ). Pharm_Sci., 59,1480 2

61,615 17. e

thromatogrophy an poly {Styrene divinylbenzene). J. Lig. Chromatogr , 16,3321 3329.

mobile phases. J. Pharm, Biomed. Anal., 12,675 692

microbialinhibition assays. Bull. Vet Inst. Pulawy, 47,211 216

_ Sokal | ond Matisova . (1994} Determination of tetracycline antibiotics in animal tissues of faed producing animals by high performante liguid chromategraphy using solid phas

extrocion, ). Chromatogr. &, 669(1 2]75 BD,

. Hon H., He 2. and Zeng Y., (1999). Chemiluminescence determination of tetracyclines using o tris (2, 2 bipyridine) ntbenium (1) ond potossium permanganate system

36.
3.
38.
3%
40.

Anal Sei, 15,467 470

Sivakesava $. and Irudayoraj J, (2002). Rapid Determination of tetracydine in milk by FT-MIR nd FT NIR speiroscopy. J. Dairy Sci., 85, 487 493,
British Phormacopoeia (1980). Her Majesly's Stationery Office, Cambridge, p. 541, A122

United States Pharmacopoeia, Twenticth Revision [1980). United States Phormacopaeia Convention, Inc, Rockville, Md. Pp. 780, 882,

Yogel &.1.(1968). Procticol Organic Chemistry. Third Edition, English Language Book Society and Langmans Green & Ca. Utd., London, pp. 591.
Kowata K Uebori M. ond Yomazaki Y. (1980 Determination of phenal in polluted air os penitrobanzeneazophenol derivative by reversed phase high-parformance liquid
chromatagraphy Anal Chem., 52,857 40 '

horwitz 6. and Keliber P N_(1981), Spectrophatoretric determmation of uniline by the diazotisation-coupling method with B-oming | hydroxynaphthalene 3, 6-disulfonic ocid @
the couplingogent. ool Chem 53,56 60 [EGENDS T0 FIGURES

m

The Nigerian Journal of Pharmacy - Volume 37, April - June, 20035



