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Dissolution Testing of
Tetracycline Boluses 
Background

ntibiotics such as te t ra cycline may be indi-
cated in animals for the tre at m e nt of bacte ri a l
pneumonia or bacte rial ente ritis caused by E.
Coli and Salmonella organisms susce p t i b l e

to te t ra cyc l i n e.USP 24 (1) includes monog raphs on
te t ra cycline and te t ra cycline hyd roc h l o ride dru g
s u b s t a n ce as well as seve ral dosage fo rm s,
including a monog raph for Te t ra cycline Bo l u s e s.
The monog raph for these boluses does not include
a dissolution te s t ;h oweve r,a dissolution test is
p rovided in the USP that uses water as the medium
for te t ra cycline hyd roc h l o ride capsules and tablets.

While the general object i ves of this wo rk are
a d d ressed in the pre ceding articles on Sulfa and
As p i rin bo l u s e s, the inte nt of this study is to demon-
s t rate that existing methods may be appro p ri ate
and to consider when water may be suitable as the
dissolution medium.

Calf Scour Bolus Antibiotic examined in this study
(NADA 65-004,Lot# 30DRB manufact u red fo r
Du rve t,I n c. ,Blue Sp ri n g s,MO by Ph a rmacia &
Upjohn Co m p a ny,Ka l a m a zoo,MI) co ntains 500 mg
of te t ra cycline hyd roc h l o ride in a bolus that we i g h s
a p p rox i m ately 5.8 g.While the bolus is quite larg e,
the amount of the act i ve ingre d i e nt in this dosage
fo rm is not that much larger than what is ofte n
found in capsules and tablets for human use.

Solubility
A co n s i d e rable amount of info rm ation re l ated to

the solubility of te t ra cycline and its hyd roc h l o ri d e
salt is readily available in the lite rat u re.The approx i-
m ate solubility of te t ra cycline in water at 25 ° C is 
1 g in 2500 mL (0.0040 g/mL;0.00090 M),while the
s o l u b i l i ty of the hyd roc h l o ride salt is 1 g in 10 mL
(0.100 g/mL;0.208 M) (1).Al s o, the pH of a 2% W / V
(0.0416 M) solution of te t ra cycline hyd roc h l o ride in
water is stated to be approx i m ately 2.1 – 2.3 (2).At
least one classical text book in pharm a ce u t i ca l
c h e m i s t ry pre s e nts a detailed discussion of the
a m p h o te ric nat u re of this drug (3).

For the te t ra cycline hyd roc h l o ride bolus dissolu-
t i o n ,0.500 g of drug in 900 mL co rre s ponds to a
co n ce nt ration of 0.000556 g/mL (0.00116 M).Th u s,

the co n ce nt ration of drug in water at the end of
co m p l e te dissolution is 180 times less than the
s o l u b i l i ty of the salt in wate r.This value far exce e d s
the 10 fold cri te rion for sink conditions and clearl y
suggests that water is a suitable medium.

Pe rhaps the main co n ce rn when co n s i d e ri n g
water as the medium is that there is essentially no
b u f fer ca p a c i ty,and the pH of the medium at any
time will be dete rmined by the acidic and/or basic
c h a ra cter of the dissolved drug and soluble exc i p i-
e nts in the fo rm u l at i o n .In this ca s e,if the pH of the
s ys tem is elevated such that the solid phase
g ove rning the solubility re l ationship is changed
f rom the HCl salt to the much less soluble neutra l
a m p h o te ric fo rm ,a pre c i p i tous decrease in solu-
b i l i ty could oc c u r.While the salt might dissolve
q u i c kl y, it could pre c i p i t ate from solution be ca u s e
of the pH of the env i ro n m e nt .

Te t ra cycline [Te t ra] is a co m p l ex elect ro l y te with
multiple pK va l u e s :pK1 = 3.30;pK2 = 7.68;and pK3
= 9.69 (4).This co m p l ex chara cter may be re p re-
s e nted by the fo l l owing equilibri a :

K1
H+T    ↔ H+ +  H+T- Eq.( 1 )

K2
H+T-   ↔ H+ +  H+T- 2 Eq.( 2 )

K3
H+T

- 2 ↔ H+ +  T- 2 Eq.( 3 )

w h e re H+T, H+T- ,H+T- 2,T- 2 a re the va rious fo rms of
te t ra cylcine that can exist in solution with net
c h a rges of +1,0 ,- 1 ,and –2 re s pe ct i ve l y.It is part i c u-
l a rly inte resting that acid salts are fo rmed thro u g h
p ro to n ation of the third pKa which is assoc i ate d
with the dimethylamino group on te t ra cyc l i n e.
Howeve r, for the dissolution of drug prod u ct s
co ntaining the hyd roc h l o ride salt, it is the equilib-
rium re p re s e nted by Eq.1 that is dete rm i n i s t i c
be cause of the low pH enco u nte red and the ex pe c-
t ation that the neutral amphote ric fo rm H+T- i s
least soluble.

Assuming co m p l e te dissoc i ation of the salt,a
p ro ton balance equation (5) for the titration of an
aqueous solution of te t ra cycline hyd roc h l o ri d e
with base would be :
( H+) = (OH-) + (H+T-) + 2 (H+T- 2)  + 3 (T- 2) – b Eq. ( 4 )

w h e re the pare nt h e t i cal ex p ressions re p re s e nt
molar co n ce nt rations of the re s pe ct i ve spe c i e s,a n d
b re fers to the molar co n ce nt ration of added base
which could be used to adjust pH. To simplify
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t h i n g s, it is reasonable to assume that the co n ce n-
t rations of  H+T- 2 and  T- 2 a re negligible in the pH
region enco u nte red in this study (e. g. ,pH va l u e s
be l ow 5).Th u s,a “o n e - po i nt”e s t i m ation of a func-
tional dissoc i ation co n s t a nt may be made by using
the pH of 2.2 cited above for the 2% W/V solution
( w h e re b = 0).With this info rm at i o n ,an estimate of
p K1’= 2.95 is obtained.This appears to be a low,b u t
ce rtainly reasonable va l u e,as the afo re m e nt i o n e d
value of 3.30 re po rted in the lite rat u re is pre s u m-
ably for a dilute solution. In fact,s i n ce the co n ce n-
t ration of te t ra cycline in this solution is re l at i ve l y
l ow,and the ove rall ionic strength is much lowe r
than that enco u nte red in the previous art i c l e s
w h e re highly co n ce nt rated buffers we re used,t h e
l i te rat u re value for pK1 will be used in subsequent
ca l c u l at i o n s.

With co m p l e te dissolution of 0.500 g in 900 mL of
wate r,using a value of pK1 = 3.30, the ca l c u l ated pH
at the end of dissolution would be 3.26.A pre l i m i-
n a ry ex pe ri m e nt was pe rfo rmed by placing a bo l u s
in a flask co ntaining 900 mL of wate r, fo l l owed by
s o n i cation and vigorous agitat i o n .The re s u l t i n g
s ys te m ,which was ye l l ow and somewhat cloudy,
p rod u ced a pH of 3.32 at room te m pe rat u re.Th e s e
n u m bers co m p a re reasonably we l l ,and there is no
i n d i cation that a fo rm u l ation co m po n e nt is re s po n-
sible for a significa nt elevation in pH.

At a pH value of 3.32,and an ove rall te t ra cyc l i n e
co n ce nt ration of 0.00116 M,the re l at i ve spe c i e s
co n ce nt rations would be (H+T) = 0.000564 and
(H+T-) = 0.000591.While additional info rm ation is
n e ce s s a ry to co m p l e te the solubility analys i s, it ca n
be noted that both of these values are less than the
re s pe ct i ve int rinsic solubilities for te t ra cyc l i n e
hyd roc h l o ride (0.208 M) and te t ra cycline (0.0009 M)
c i ted earl i e r.

The resulting solution pH of 3.32 is ve ry close to
the pK1 va l u e.A model of the pH vs solubility re l a-
t i o n s h i p,assuming that the solid fo rm pre s e nt is
H+T- with an int rinsic solubility of 0.0009 M,y i e l d s
an estimated solubility at pH 3.32 of 0.00179 M.I n
this ca s e,one would not ex pe ct the dissolved te t ra-
cycline in the dissolution test to pre c i p i t ate.

Si n ce the actual co n ce nt ration and pre d i cte d
s o l u b i l i ty values are so close,an additional test wa s
done to see if pre c i p i t ation could be induce d.Th e
pH of a sample of the solution previously pre p a re d
by putting a bolus in 900 mL of water was elevate d
to a value of 5 by the dro pwise addition of 0.1 N
s odium hyd roxide solution.No pre c i p i t ation wa s
o b s e rved over a 2 hour pe ri od.This is an indicat i o n
t h at the nucleation and crystal growth proce s s
t a kes more time,or that the estimate of the int ri n s i c

s o l u b i l i ty of H+T- is not accurate.
Fi n a l l y, te t ra cycline is unstable in aqueous solu-

tions and the analysis of the dissolution samples
should be co m p l e ted as quickly after co l l e ction as
po s s i b l e.

Dissolution of Tetracycline Boluses
Dissolution testing of the te t ra cycline bo l u s e s

was co n d u cted using the method descri bed fo r
Te t ra cycline Capsules in the USP:Ap p a ratus 2 at
3 7 ° C ,75 RPM,water as the medium,and UV analys i s
at 276 nm.Samples we re co l l e cted at 5,1 0 ,and 15
m i n u tes using an auto m atic sampler with 0.45
m i c ron in-line filte r s.To pe rmit analysis without
d i l u t i o n ,a cell with a path length of 0.01 cm wa s
e m p l oye d. The results are pre s e nted in Fi g u re 1.

The boluses disinte g rated within the first thre e
m i n u te s,and a large quant i ty of insoluble exc i p i e nt
was observed in dispersion in the ve s s e l s.As seen

p rev i o u s l y,some of the in-line filters be ca m e
p a rtially clog g e d,although manual sampling wa s
not nece s s a ry.In some ca s e s,fine powder wa s
o b s e rved in the co l l e cted samples, i n d i cating that
the filters we re not co m p l e tely effe ct i ve.Be cause of
this observat i o n ,all samples we re filte red again
using 0.45 micron disposable syringe filters be fo re
s pe ct ro p h o to m e t ric analys i s.The ent i re analys i s
was co m p l e ted within 1 hour of sampling,a n d
t h e re was no ev i d e n ce of pre c i p i t ation of te t ra cy-
cline in any of the samples.

Conclusions
Dissolution testing of ve te ri n a ry bo l u s e s

co ntaining 500 mg of te t ra cycline HCl was acco m-
plished using USP Ap p a ratus 2 with co nve nt i o n a l
volume and stirring rate s,with water as the dissolu-
tion medium. Based on the pre l i m i n a ry studies
pe rfo rmed here, the te t ra cycline bolus dosage

Figure 1. Dissolution of Tetracycline Boluses in water at 37 ° C.
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fo rms dissolve quickly with appare ntly co m p l e te
dissolution at 10 minutes with water as the
medium at a stirring rate of 75 RPM.
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