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Summary

Assay procedures based on second-order derivative UV spectroscopy have been developed for the determination of thiamphenicol
glycinate salts in pharmaceutical formulations. The different assay parameters, linearity and precision of the methods have been
assessed. The procedures proved to be suitable for a rapid and reliable quality control of commercial pharmaceutical formulations
containing the glycine ester of thiamphenicol in different salt forms. When thiamphenicol glycinate (antibiotic) was associated with
N-acetyl-L-cysteine (mucolytic agent) or with 4-hydroxyisophthalic acid (aspirin-like compound) in salt form, the proposed method
allowed a simultaneous determination of both the active salt components.

Introduction

Thiamphenicol glycinate, (2R,3R)-2-[(dichloro-
acetyl)aminol-3-hydroxy-3-[4-(methylsulfonyl)phe-
nyllpropyl glycinate (I), is an antibiotic with a
broad spectrum of activity resembling that of

NHCOCHCI,
CH3502©<:H<0H>-$H
CH,OCOCH,NH, COOH

(99}

COOH
OH
HS - CH,CH-COOH

! () ()
NHCOCH,

Correspondence: V. Cavrini, Dipartimento di Scienze Farma-
ceutiche, Universita di Bologna, via Belmeloro 6, 40126
Bologna, Italy.

chloramphenicol (Reynolds, 1982; Bowman and
Rand, 1980). The drug is useful for the treatment
of infections of the respiratory, genitourinary and
gastrointestinal systems. Thiamphenicol glycinate
is used as the hydrochloride as well as in conjunc-
tion with N-acetyl-L-cysteine (II) (mucolytic agent)
as thiamphenicol glycinate acetylcysteinate or with
4-hydroxyisophthalic acid (III) (antipyretic-
analgesic aspirin-like compound) as thiamphenicol
glycinate 4-hydroxyisophthalate sodium salt.

Few methods have been published for the anal-
ysis of the glycine ester of thiamphenicol (1) alone
or in pharmaceutical formulations and they in-
clude titrimetic (FU IX, 1985; Shukrallah, 1983a
and b) and colorimetric {Kanazawa et al., 1970)
procedures. The need of more specific analytical
methods able to perform a simultaneous de-
termination of both the active compounds in
thiamphenicol glycinate salts, led us to regard the
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derivative spectroscopy as a useful technique,
owing to its high resolution (Talsky et al., 1978;
Fell, 1978), for this topic. So, in the present com-
munication second-order derivative UV spectro-
photometric assay procedures are proposed for a
rapid and reliable quality control of pharmaceuti-
cal formulations containing thiamphenicol glyci-
nate salts.

Experimental

Materials

Thiamphenicol glycinate (TG) hydrochloride
and 4-hydroxyisophthalic acid (HPA) were kindly
supplied by Zambon S.p.A., Italy. N-Acetyl-L-cy-
steine (AC) was puriss grade from Fluka AG
(Switzerland). All the other chemicals were RPE
grade from C. Erba (Italy). The commercial sam-
ples were dried in vacuum at ambient temperature
for 3 h before the analysis.

Instruments

A double-beam Model DMS 90 Varian spectro-
photometer, collected with a model 9176 recorder
(Varian), was used. The spectra were recorded in 1
cm quartz cells. Suitable settings are: spectral slit
width 1.0 nm, scan speed 50 nm/min, chart speed
2 cm/min and recorder span 20 mV full scale, A
Crison pH meter and a Mettler M5 microanalytic
balance were used.

Thiamphenicol glycinate hydrochloride determina-
tion

Calibration curve. Thiamphenicol glycinate
hydrochloride stock solution (¢ = 1.30 mg/ml) was
prepared in distilled water. The second-order UV
spectra of working standard solutions, containing
6.0-55.0 pg/ml of thiamphenicol glycinate hydro-
chloride, were recorded over the 210-300 nm range
against a solvent blank. The calibration curve was
then constructed by plotting the measured (mm)
amplitudes peak-to-peak D,., .., against the cor-
responding concentrations.

Assay procedure. A sample quantity, equiv-
alent approximately to 70.0 mg of the drug, was
dissolved in distilled water to provide an ap-

propriate analytical solution (¢ = 28 ug/ml). The
second derivative spectrum of this solution was
recorded, the amplitude D,,,,.,; was measured
(mm) and the drug concentration in the sample
was obtained by interpolating the calibration
curve.

Simultaneous thiamphenicol glycinate and N-acetyl-
L-cysteine determination

Standard solution. A thiamphenicol glycinate
stock solution (c = 1.194 mg/ml) was prepared in
aqueous sodium hydroxide solution (pH = 11.80)
and used to obtain working standard solutions
(pH = 11.80) containing 1.9-29.0 pg/ml of the
drug. Similarly, N-acetyl-L-cysteine stock solution
(¢ = 0.45 mg/ml) and working standard solutions
(¢=11.25-22.6 pg/ml) were prepared in aqueous
sodium hydroxide solution (pH = 11.80).

Mixed standard solutions. Into separate 100 ml
volumetric flasks, containing 2.5 ml of thiamphe-
nicol glycinate stock solution, were pipetted
aliquots of the N-acetyl-L-cysteine stock solution
to give, after dilution to volume with sodium
hydroxide solution (pH = 11.80), mixed standard
solutions with acetylcysteine/ thiamphenicol
glycinate molar ratios over a 0—2.5 range.

Calibration curves. Second derivative UV
spectra of the thiamphenicol standard solutions
were recorded and both the measured amplitudes
peak-to-peak D,,,,,; and peak-zero D,,, were
plotted against the drug concentrations to obtain
the corresponding calibration curves.

For the acetylcysteine determination, the sec-
ond derivative UV spectra of the mixed standard
solutions were recorded, the amplitudes D, 575
and D,i5,66 were measured and the Dyyqa¢6/
D,., .5 ratios were plotted against the respective
acetylcysteine /thiamphenicol glycinate molar
ratios. A calibration curve for N-acetylcysteine
alone was constructed based on the amplitude
D, measurement.

Assay procedure. An accurately weighed sam-
ple quantity, equivalent approximately to 50 mg
of thiamphenicol glycinate acetylcysteinate, was
dissolved in aqueous pH = 11.80 solution to pro-
vide a final analytical solution containing 50
pg/ml of the drug. The second derivative UV
spectrum of the resulting solution was then re-



corded and the amplitudes D,;4575 and Dysq 66
were measured.

The thiamphenicol glycinate concentration was
derived from the respective calibration curve
(Dy74278), While the calibration curve from the
mixed standard solutions provided the acetylcy-
steine /thiamphenicol glycinate molar ratio in each
sample.

Simultaneous thiamphenicol glycinate and 4-hy-
droxyisophthalic acid determination

Buffer solution (pH = 4.4). Sodium acetate (136
g) and ammonium acetate (77 g) were dissolved in
distilled water (500 ml) and the resulting solution
was diluted to 1000 ml with methanol. Acetic acid
was then added to obtain a pH = 4.4 value.

Standard solutions. Standard solutions con-
taining 17.0-42.0 pg/ml of 4-hydroxyisophthalic
acid were prepared in pH = 4.4 buffer solution.
Similarly, mixed standard solutions containing
21.0 pg/ml of 4-hydroxyisophthalic acid and
12.0-56.0 pg/ml of thiamphenicol glycinate were
prepared in pH = 4.4 buffer solution.

Calibration curves. 4-Hydroxyisophthalic acid —
Second derivative UV spectra of the 4-hydroxyiso-
phthalic acid standard solution were recorded
against a solvent blank over the 260-340 nm
range and the measured peak-zero amplitude Ds,
was plotted against the drug concentration to ob-
tain the calibration curve. Thiamphenicol glycinate
— Similarly, the second derivative UV spectra of
the mixed standard solutions were recorded and
the peak-zero amplitudes Dy, (specific for HPA)
and D,,; (due to the contributions of both the
components) were measured. The individual
thiamphenicol glycinate contributions to the am-
plitudes D,,, and the corresponding calibration
curve were then obtained as described in Results
and Discussion.

Assay procedure. A sample quantity, equiv-
alent approximately to 38.0 mg of thiamphenicol
glycinate 4-hydroxyisophthalate sodium salt, was
dissolved in 100 ml of pH 4.4 buffer solution.
After further dilution (1:5) with the same buffer
solution, the procedure described under calibra-
tion curves was then followed. The quantitation of
thiamphenicol and 4-hydroxyisophthalic acid was
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performed by interpolating the respective calibra-
tion curves.

Results and Discussion

The absorption (zero-order) UV spectrum of
thiamphenicol glycinate hydrochloride exhibits a
benzenoid profile with weak absorptions at A =
266 nm (Ajgn=21%£15) and A=273 nm
(A4 1em = 18 £ 1.5) (FU IX, 1985) which are con-
verted in sharp bands of great amplitude when the
second-order UV spectrum is recorded (Fig. 1). In
view of this, a second-order derivative UV spec-
trophotometric method was devised to determine
the thiamphenicol glycinate alone as well as com-
bined with N-acetylcysteine or 4-hydroxyisophth-
alic acid in salt form in pharmaceutical formula-
tions. For the thiamphenicol glycinate hydrochio-
ride determination, the amplitude D,s,,75 from
second-order spectrum was measured and a linear
regression (y =26.402¢ —3.124; r=10.9999; n=
10) between amplitude D,;, .3 and drug con-
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Fig. 1. Absorption (zero-order) UV spectrum (a) and second-
order derivative UV spectrum (b) of thiamphenicol glycinate
hydrochloride in water (¢ =1.093x10~4 M).
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TABLE 1

Assay results for the analysis of commercial formulations containing thiamphenicol by second-order derivative UV spectroscopy

Drug *® Intra-day ®¢ Inter-day ©¢
TG AC HPA TG AC HPA
%found CV %found CV %found CV %found CV %found CV %found CV
TG-hydrochloride ~ 99.60 0.46 99.86 0.60
TG-AC *© 100.16 0.98 99.26 1.25 99.80 1.81 99.62 2.74
TG-AC | 99.55 0.70 10041 2.51 99.36 207 101.0 2.62
TG-HPA 99.20 1.27 99.50 1.30 99.50 2.30 99.75 1.90

¢ TG = thiamphenicol glycinate; AC = N-acetylcysteine; HPA = 4-hydroxyisophthalic acid.

® Average of 6 determinations.

¢ Average of 20 determinations.

9 Expressed as percentage of the label claim.
¢ By graphic procedure.

f By equation system (1).

centration over the 6.0-55.0 pug/ml range was
obtained. The method was applied to the individ-
ual thiamphenicol glycinate hydrochloride de-
termination in a commercial formulation and the
assay results are reported in Table 1.

For the simultaneous determinations of thiam-
phenicol glycinate and acetylcysteine in a
thiamphenicol glycinate acetylcysteinate formula-
tion the spectrophotometric analysis was carried
out in aqueous sodium hydroxide solution (pH
11.80). Under these conditions, the absorption
maximum of acetylcysteine undergoes a bathoch-
romic shift, due to the thiolate anion formation
(Kallen, 1971), and the UV spectrum of thiamphe-
nol glycinate acetylcysteinate corresponds to the
addition of the individual absorptions from
equimolar solutions of thiamphenicol glycinate and
acetylcysteine (Fig. 2). In absorption spec-
troscopy, the properties of thiamphenicol (weak
absorption at A=266 nm and 273 nm) and
acetylcysteine (absorption maximum at low wave-
lengths) do not allow a reliable simultaneous
determination of the components. Conversely, the
second-order derivative UV spectrum (Fig. 3) can
constitute the basis for convenient determination
of both compounds. The easily measurable ampli-
tude D,y4,75 due to thiamphenicol glycinate ap-
pears not to be affected by acetylcysteine, while
the amplitude D,q 3¢ Tesults from the contribu-
tions of both thiamphenicol (positive) and acetyl-
cysteine (negative). Accordingly, when the ampli-

tudes D,,,,7,3 were plotted against the thiamphe-
nicol concentrations (¢ = 5.0-50.0 pg/ml) a single
linear calibration curve (y=2522¢—147; r=

1. 5001
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Fig. 2. Absorption (zero-order) UV spectra of equimolar solu-

tions (c=1.093Xx10"% M) of: (a) acetylcysteine (water); (b)

acetylcysteine (pH 11.80); (c) thiamphenicol glycinate (pH

11.80) and (d) thiamphenicol glycinate acetylcysteinate (pH
11.80).
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Fig. 3. Second-order derivative UV spectra of equimolar solu-

tions (pH 11.80) of: (a) acetylcysteine; (b) thiamphenicol

glycinate; and (c) thiamphenicol glycinate acetylcysteinate.
Concentrations as in Fig. 2.

0.9993; n = 16) was obtained from thiamphenicol
standard solutions and mixed standard solutions.
Conversely, the characteristic Djsy4266/ D274278
ratio (R = 1.70 + 0.01) of thiamphenicol glycinate,
is reduced by the N-acetylcysteine presence (Fig.
3). In effect, a linear plot (slope = —0.377 + 0.003;
intercept = 1.72 + 0.02; r = 0.9990; n = 7) was ob-
tained when the D66/ D747 Tatios, derived
from mixed standard solutions, were plotted

TABLE 2
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against the respective acetylcysteine/thiampheni-
col glycinate molar ratios over the range of 0-2.5.
The results obtained for the assay of thiampheni-
col glycinate acetylcysteinate in commercial for-
mulations by this graphic procedure were in good
agreement with the labelled claim (Table 1). The
data were confirmed by an alternative calculation
procedure according to a recently proposed spec-
trophotometric analysis of two-component mix-
tures (Korany et al., 1984). The simultaneous de-
termination of thiamphenicol glycinate and acetyl-
cysteine was made by solving the following sys-
tem:

Dy147s=C, 8ypu 278 + Cyw274‘278 (1)
Dyye=C, 8y36 + Cy‘*’zss

where D,;,,,; and D,;, are the amplitudes de-
rived from the sample second-order UV spectrum,
C, and C, are the concentrations of thiampheni-
col glycinate (x) and acetylcysteine (y), § and w
are the second derivative coefficients D (1%, 1 cm)
for the compounds x and y, respectively. The
Lambert-Beer law validity in the second-order
spectra was verified for both the compounds plot-
ting the selected amplitudes against the respective
concentrations. Table 2 reports the parameters
and correlation coefficients data for the calibra-
tion curves as well as the second-order derivative
coefficients D (1%, 1 cm). The reproducibility of
the second derivative coefficients 8 and w was
found to be satisfactory as indicated by the re-
spective CV values. Introduction of these data
into system (1) allowed a simultaneous
thiamphenicol glycinate and acetylcysteine de-

Data for the calibration curves and the second derivative coefficients Dy, g, ;.m)

Compound Amplitude * Slope y-intercept Correlation Range 8 w® cVv
coefficient (pg/ml) (1%, 1 cm)
Thiamphenicol Dyq418 25275 —1.470 0.9993 5-50 23.800 1.10
glycinate D36 33.015 —-1.060 0.9996 5-50 31.955 0.90
N-acetylcysteine D374278 - - - - - -
D36 —15.612 0.073 0.9994 10-30 —15.682 1.61

2 Measured in mm.

® Related to solutions containing 1.0 mg,/100 ml of TG (8) and AC ().
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Fig. 4. Absorption (zero-order) spectra of equimolar solutions

(¢=1.093X10~* M; pH 4.40) of: (a) thiamphenicol glycinate;

(b) 4-hydroxyisophthalic acid; and (c) thiamphenicol glycinate

4-hydroxyisophthalate (equivalent to an equimolar solution of
TG and HPA).

termination. Recovery studies on synthetic. pre-
parations showed that excipients as EDTA did not
interfere with the analysis of both the compo-
nents.

A second-order spectrophotometric method was
devised also for the simultaneous determination of
thiamphenicol glycinate and 4-hydroxyisophthalic
acid contained in a lyophilized powder as
thiamphenicol glycinate 4-hydroxyisophthalate
sodium salt. In effect, the addition of an equimolar
quantity of thiamphenicol glycinate induces only a
slight alteration in the absorption (zero-order)
spectrum profile of 4-hydroxyisophthalic acid (Fig.
4), while an increased resolution is achieved when
the second-order derivative spectrum is recorded
(Fig. 5). The amplitude Dy, is specific for the
4-hydroxyisophthalic acid and is essentially inde-
pendent of the thiamphenicol glycinate concentra-
tion, while the amplitude D, is due to the contri-
butions from both the compounds. For the specific
determination of 4-hydroxyisophthalic acid a lin-
ear (Dy, =2.394¢c —0.048; r=0.9990, n=28)
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Fig. 5. Second-order derivative UV spectra of equimolar solu-

tions (¢ =1.093x 10" % M; pH 4.40 of: (a) 4-hydroxyisophth-

alic acid; and (b) thiamphenicol glycinate 4-hydroxyisophtha-
late.

calibration curve was obtained (c¢=17.0-50.0
pg/ml) and used for the compound quantitation.
Thiamphenicol glycinate content was then ob-
tained from its specific contribution to the mea-
sured amplitude D,,,. This contribution, D,
(TG), was derived as follows:

D278(TG) = D278(measured) -K- D302(HPA)

where K= D,,,/Ds;, = 2.56 + 0.03 for 4-hydroxy-
isophthalic acid. When the calculated amplitudes
D;7g1) Obtained from mixed standard solutions
were plotted against the corresponding concentra-
tions (5.0-42.0 pg/ml), a linear, D,51¢, = 1.970¢
+ 0.07; r=0.9993; n=6, calibration curve was
obtained and used for the thiamphenicol glycinate
quantitation in the samples. Table 1 shows the
assay results for both the components of the
pharmaceutical formulation analysed. Recovery
studies from synthetic mixtures with varying
thiamphenicol glycinate /4-hydroxyisophthalic ac-
id molar ratios showed the method to be satisfac-
torily accurate (99.0-100.5% recovery) and precise



(CV=12-1.6%) for both the components of
quantitation. The possibility of using the ampli-
tude D,,, to achieve a direct and specific quantita-
tion of thiamphenicol glycinate in the presence of
4-hydroxyisophthalic acid was attempted, .but
some interference resulted in a reduced accuracy.

In summary, the proposed procedures based on
second-order derivative UV spectroscopy offer the
advantage of an increased resolution and could be
used for a rapid and reliable quality control of
commercial thiamphenicol glycinate-containing
pharmaceutical dosage forms.

Acknowledgement

This work was supported by Ministero Pub-
blica Istruzione (60%), Italy.

References

Bowman, W.C. and Rand, M.J., Textbook of Pharmacology,
2nd edn., Blackwell Scientific, Oxford, 1980, pp. 34-43.
Farmacopea Ulfficiale della Repubblica Italiana, Vol. II, 1X

Edizione, 1985, pp. 1666-1668.

91

Fell, A.F., Developments in pharmaceutical analysis. Proc.
Anal. Div. Chem. Soc., 15 (1978) 260-267.

Kallen. R.G., Equilibria for the reaction of cysteine and de-
rivatives with formaldehyde and protons. J. Am. Chem.
Soc., 93 (1971) 6227-6235.

Kanazawa, T., Katiama, K., Kawabe, K., Fijuta, T., Yamamoto,
S. and Kanemasa, Y.. Thiamphenicol glycinate hydrochlo-
ride. Quantitative assay of thiamphenicol and thiampheni-
col glycinate hydrochloride. Nippon Kagaku Ryohogakukai
Zasshi, 18 (1970) 941-944; Chem. Abstr., 74 (1971) 138917
p-

Korany, M.A., Wahbi, A.M., Elsayed, M.A. and Mondour, S.,
First derivative spectrophotometric determination of cer-
tain drugs in two-component mixtures. Anal Lert., 17
(B12) (1984) 1373-1389.

Reynolds, J.E.F., In Martindale (Ed.), The Extra Pharmaco-
poeia, 28th Edn., Pharmaceutical Press, London, 1982, pp.
1223-1224.

Shukrallah, I., Evaluation of thiamphenicol: p-( + )-threo-2-di-
chloro-acetamido-1-( p-methylsulphonylphenyl)propane-1,3-
diol, as a single component and in formulations by using an
oxidimetric method. J. Egypt. Med Assoc., 66 (1983a)
331-337; Chem. Abstr., 102 (1985) 67452s.

Shukrallah, 1., Chemical method for the determination of
thiamphenicol. J. Drug Res., 14 (1983b) 225-232.

Talsky. G.. Mayring, L. and Kreuzer, H., High-resolution,
higher-order UV /VIS derivative spectrophotometry.
Angew. Chem. Int. Ed. Ingl., 17 (1978) 785-799.



