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Doxycycline: Are Its 'Side-effects'
a Contra-indication to Its Use?
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Abstract Objectives: To briefly outline the development and reasons for the decline in the clinical use of tetracyclines,
and to consider if the side-effects of doxycycline a contra-indication to its use. Data Sources: Literature
search of MEDLINE from 1950 to 2005. Study Selection: Literature and data related to doxycycline,
tetracycline and tooth discolouration. Data Extraction: Relevant information and data were reviewed by
the authors. Data Synthesis: The established side-effect of tooth discolouration has led to the formation
of guidelines to restrict the use of the tetracyclines in susceptible groups of patients, such as pregnant
women and throughout childhood. The severity of the discolouration is likely to be related to the different
homologues of the tetracyclines, dose, frequency, the stage of odontogenesis, and the duration of the
therapy. The majority of published clinical data indicates that doxycycline can be prescribed for children
because it causes the least severe type of tooth discolouration. However, there has not been a prospective,
randomised, double blind study that compared doxycycline with other tetracyclines to make a definitive
statement about the decreased incidence of dental discolouration by doxycycline. The propriety of carrying
out a clinical trial using doxycycline involving children when the side-effects of tetracyclines are already
well known is also disputable. Conclusions: Caution should be exercised when prescribing doxycycline
to children who should be kept under long term review because of the insufficient data concerning the
discolouration of the developing teeth.
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Introduction

There has been a resurgence of interest in the tetracycline
group of drugs since they have been recommended for use
in combination therapy for bone metastasis,1 and in the
treatment and prophylaxis of anthrax2 and malaria.3-7 For
example, when chloroquine resistant malaria is encountered

consideration should, according to the recommendations,
be given to the use of combination chemotherapy using
atovaquone/proguanil (Malarone, GlaxoSmithKline) plus
doxycycline.8 This approach of combination therapy is
based upon the success of previous combination
chemotherapies in the treatment of tuberculosis.

The addition of tetracycline to existing regimens can raise
the cure rates and in turn may help to curtail the evolution
of drug resistant strains of bacteria associated with
secondary infections. Doxycycline is the favoured drug
because it has a lower incidence of gastrointestinal
symptoms than the other types of tetracyclines. The need
for only a single daily dose further supports the use of
doxycycline because this is likely to enhance patient
compliance.

When a manufacturers' literature about a drug mentions
'side-effects', by implication, it suggests that the reactions
are either temporary, or acceptable in nature.9 However,
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this is not the case with tetracyclines because the varying
degrees of discolouration of the teeth is permanent and can
be disfiguring.10-13 Thus, before combination chemotherapy
can be considered to be wholly beneficial, the phenomenon
of dental discolouration caused by tetracyclines and
more specifically doxycycline needs to be taken into
consideration. Therefore, it is proposed to briefly outline
the development of and reasons for the subsequent decline
in the clinical use of tetracyclines, and to consider the status
of the more recent semi-synthetic derivative doxycycline.

Methods

A literature search was conducted using the MEDLINE
database from 1950 to 2005 in English. The articles
were successively search by the following keywords:
doxycycline, tetracycline, tooth discolouration, and intrinsic
tooth staining. Articles concerned with the subject of review
were included if they were directly related to the
administration of tetracycline and derivatives plus the
occurrence of tooth staining.

Historical Background

Chlortetracycline was isolated by Duggar in 1948 and
in the early 1950's, four chemically different homologues
became available for clinical use; subsequently others have
followed.14 The low toxicity and broad antimicrobial
spectrum resulted in the tetracyclines becoming popular
for the treatment of infections, especially in children.
Within a decade of their introduction tetracyclines were
first implicated as being the cause of the permanent
discolouration of children's teeth.15 Subsequently, numerous
reports of this phenomenon appeared in the literature.16-18

The prevalence of tetracycline staining in published studies
has ranged from 0.4% to 6%;19-21 However, it was reported
to be 16.6% in Hong Kong.22

Tetracyclines and the Teeth

On entering the bloodstream, tetracyclines are taken up,
as a fluorescent pigment, by calcifying tissues because their
affinity for polyvalent cations which bind into heterocyclic
rings by chelation.23 Unlike tetracyclines incorporated into
bone, which can be released during the course of normal
bone resorption, tetracyclines remain within enamel and

dentin, in locations consistent with the stage of development
of the tooth when the drug was administered. Hence, a fully
formed tooth is unaffected. The calcification of the crowns
of primary (deciduous) teeth occurs from the 14th week
in utero to one year of age while for the permanent teeth it
takes place between 7 to 8 months in utero and 16 years.
Even teeth that are undergoing odontogenesis during foetal
life are not immune because tetracyclines can cross the
placenta.14,16,24,25 However, the transfer of the drug may not
occur throughout pregnancy, but only during a certain
period such as after the 29th week of gestation.26

Tetracyclines can also be excreted in human milk.27

The different homologues of the tetracycline group
of drugs produce different coloured pigmentations of
the teeth.17,28-30 The colours can be divided into four
groups: (i) a grey-brown colour, this can be caused by
chlortetracycline (Aureomycin), (ii) a yellow colour, is
often caused by oxytetracycl ine (Terramycin) ,
dimethylchlortetracycline (Ledermycin) and tetracycline
(Achromycin), (iii) a blue-gray colour, is usually caused
by minocycline (Minocin), and (iv) a brownish colour,
which is like the 'ageing' (fading) of the yellow
discolouration.31,32 Affected teeth display a bright yellow
fluorescence when exposed to ultraviolet light of 360 nm.
On exposure to sunlight the pigmentation of discoloured
teeth becomes more brown owing to the formation of a
tetracycline oxidation product, and the fluorescent
properties progressively decline.23 The pigment derived
from tetracycline hydrochloride contains a quinine-like
structure, which is the main contributor to its colour. This
quinine ring is dependent upon an oxidation reaction for
its formation.33 With further research and testing, it may be
found ultimately that high doses of vitamin C or other
antioxidants could protect patients from the risk of
tetracycline-induced tooth discolouration.34

The severity of the discolouration is considered to be related
to the dose, frequency,35,36 the stage of odontogenesis,37

and the duration of therapy.29,35 As different serum levels
have been reported for the different tetracyclines after
similar post-administration periods,38 and because they have
different half-lives and rates of excretion,39 the route of
administration may be a significant factor.

The problem of discolouration of the teeth by
tetracyclines cannot be considered to be an insignificant
side-effect because it has medico-legal implications. In
1982, tetracycline was alleged to have caused discolouration
of the teeth of two children. The legal action that was
subsequently brought against the general medical
practitioner was successful.40 This established side-effect of
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tooth discolouration then led to the formation of guidelines
to restrict the use of the tetracyclines in susceptible groups
of patients, such as pregnant women especially after the
fourth month of gestation, and throughout childhood.41-43

Appeals were even made to the Minister of Health of the
United Kingdom to withdraw the licence for paediatric
tetracycline products, and the recommended dosage of
tetracycline products for children under 12 years of age.9

According to a report from the American Academy of
Pediatrics, tetracyclines remain contraindicated for the
treatment of common infections in children younger than
8 years of age. However, doxycycline is recommended as
the drug of choice for the treatment of Rocky Mountain
spotted fever in children of any age.44

Doxycycline has been said to cause the least severe type
of tooth discolouration.36,45 Is there any scientific evidence
to explain this phenomenon?

Doxycycline Pharmacology

Doxycycline (α-6-deoxy-5-oxytetracycline) which
first became available in the 1960's, is produced as a
polyphosphate, hydrochloride or hyclate. Doxycycline has
been recommended for patients with renal impairment
because unlike the other tetracyclines which are cleared by
the kidneys, it is excreted by the liver.46 It is also dissimilar
to the other tetracyclines because its absorption is unaffected
by food and milk.46

Results from infection studies in mice, involving a range
of micro-organisms indicated that doxycycline, when
administrated orally could produce levels of protection
which were similar to those of the other tetracyclines, even
when a much lower dose was administrated.47 However,
this difference did not occur when the doxycycline was
given subcutaneously, possibly due to its superior
absorption through the gastro-intestinal tract.48 The
attainable blood levels of doxycycline given orally were
higher than those of the other tetracyclines, even when a
lower dose was administrated.49 In healthy volunteers who
had taken oral doxycycline, the maximum doxycycline
plasma concentrations (C

max
) of 1.5 to 7.0 µg/ml were

usually reached within 3 h, and the drug had a half-life of
14 to 24 h.7,50 Furthermore, because of the extremely low
faecal elimination rate, which was 4.9% of the dose
absorbed after three days, and the urinary excrete rate,
which over the same time period was 39.6% of the absorbed
dose,51 the drug could be administrated in relatively lower
doses than the other tetracyclines and less frequently.52

Doxycycline and the Teeth

A group of investigators who studied rats which were
dosed daily by intraperitoneal, or intragastric injections of
50 mg/kg and 100 mg/kg body weight of different
tetracyclines, concluded that doxycycline caused the least
discolouration when compared with the other derivates: the
appearance was of a patchy white opaque nature.46 In a
clinical study, 25 premature infants who were aged between
4 and 55 days received on day one 2 mg/kg body weight,
followed by 1 mg/kg of doxycycline for a further one to
17 days. The total dose per individual varied from 9 mg to
37 mg. When the teeth of these children were examined
under ultra-violet light after one year, only one of the
subject's teeth exhibited fluorescence and white discoloured
regions.53 Forti and Benincori speculated that this was due
to the lower calcium binding rate (19% compared to 74.5%
of demethylchlortetracycline in vitro) and the lower
therapeutic dose of doxycycline which was 1/10th of that
of tetracycline hydrochloride).53

A retrospective, recall study was conducted to determine
whether doxycycline, given in therapeutic doses for the
treatment of Rocky Mountain spotted fever, caused
discolouration of permanent teeth when administered
during tooth development. The age range of the ten subjects,
in the study, was from 11 to 19 years (mean 13.7 years),
and the average age at the time of exposure was 5.1 years.
The results, made by comparing the study and control,
suggested that short courses of doxycycline, such as 50 mg
bid for eight days, did not cause clinically significant
discolouration of teeth.54

A non-selected group of 282 children in a medical
practice in Germany received either drops or a syrup
preparation of doxycycline. The children were aged
between one month and 12 years (mean 29 months) and
they received an average dose of 159 mg of doxycycline
over a 5 to 8 day period. The drug regimen was 4 mg/kg on
day 1, followed by 2 mg/kg body weight for the remaining
8 days of the course. If the condition, for which the drug
had been prescribed, continued then the course was
repeated; this occurred in 41 children (4 patients had
3 repeats and 2 had 4 repeats). The children's teeth were
examined after 2 weeks, 4 weeks and 1 year. A total of
5 (2%) of the children had discoloured teeth, 3 had enamel
hypoplasia and fluorescence, only in those 3 children did
the author consider that there was a direct correlation
between the drug and the defects exhibit by the teeth. Of
the 83 children in the under 12 months age group, 2 had
discolouration and enamel hypoplasia; while only one of
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the 93 children aged between 12 and 24 months was
similarly affected.55 It was concluded by Poloczek that
doxycycline was safe for use in children of all age groups;
also that the discolouration of the teeth by the drug was
related to the age of the recipient and the mode of
administration.55

Goody and Bowers (1975) used four antibiotics which
were randomly used to treat children, aged between 4 and
8 years, who suffered from secretory otitis media; one of
the drugs was doxycycline syrup. The total dose of
doxycycline (50 mg/5 ml) received per child was 400 mg;
given as an initial dose of 100 mg followed by 50 mg daily
for one week. The drug was taken with food or a drink of
milk. The authors failed to provide any data on side-effects
that may have been caused by this therapy.56 The propriety
of carrying out a clinical trial in which drugs are randomly
assigned to children, especially when one of the drugs is
tetracycline, is ethically wrong and was questioned in the
literature.57

Discussion

Many researchers and drug committees have campaigned
to make medical and dental practitioners aware of the side-
effect of tooth discolouration caused by tetracyclines. Some
have even attempted to have syrups and drops containing
tetracycline totally banned. This would have an unfortunate
effect on geriatric patients who cannot swallow tablets.58 A
simple logical solution is that preparations should be clearly
labeled with warnings and that the paediatric dosage should
not appear on the label, or even the accompany literature.
If a drug of the tetracycline group is to be advocated for
use in children as part of a combination therapy then this
drug regimen has to be introduced and published in such a
manner so as not to destroy all of the previous efforts to
restrict the use of tetracyclines.

If combination drug therapies are to be recommended
then the proprietary names of the drugs need to be listed in
addition to the generic names. This is because many of the
trade names do not necessarily indicate clearly what type,
or even if a tetracycline is an active ingredient. This would
help to avoid the accidental prescription of a tetracycline
to a patient as part of a combination therapy and hence
cause the undesirable side effect of discolouration of the
teeth.

The use of doxycycline for adults ,  in whom
odontogenesis is restricted to the third permanent molars,
can, based upon the chronology of tooth development, be

recommended as it will not cause dental discolouration that
will be aesthetically displeasing. However, during
pregnancy the situation is unclear. Based upon data for the
other tetracyclines, doxycycline can be expected to cross
the placenta, and subsequently be incorporated into the
bones and teeth of a foetus. Thus, at this time it may be
unwise to prescribe doxycycline during pregnancy and
lactation because of the lack of clinical data.

The majority of published clinical data indicates that a
single, or even repeated short courses of doxycycline can
be prescribed for children without a fear of causing in the
prolonged use of doxycycline, the prescribed dose of the
drug at the time of administration may be added to the dose
which re-enters the circulation as a result of remodeling of
bones that contain the drug, which was incorporated from
previous administrations. Nevertheless, these type of data
for children are unavailable.

As previously stated, Goodey and Bowers (1975)56 were
criticised by Faoagali (1975),57 for using doxycycline in a
clinical trial involving children, when the side-effects of
tetracyclines were already well known. This was in spite of
some data being presented that indicated that theoretically
doxycycline could be expected to cause less discolouration
of the teeth than the other tetracyclines. Only limited data
have become available since that time. Therefore, are we
justified to ignore Faoagali's warning?57

Even though tetracyclines have been in clinical use for
almost half a century and their side-effects are well
document, it remains unclear as to why some children
develop discoloured teeth yet others do not. Possibly the
variation in the magnitude of this side-effect is due to the
influence of an environmental factor, such as the diet, which
in turn affects the urinary pH so in one individual there may
be only glomerular filtration occurring while in another there
may some reabsorption of doxycycline via the tubules.59 It
has been suggested that the existence of antioxidants34 and
the extent of the mineralizing front of the tooth60 are
important variables. The extent of systemic absorption and
the mode of administration may also play a role. The exact
dose of the drug and compliance of the patient/parent, are
other factors that may have an influence. In addition,
exposure to sunlight can lead to colour changes in teeth that
contain some tetracyclines.17,33 Therefore, when only limited
clinical data are available on the adverse effects of
doxycycline, namely that of discolouration of the teeth, can
it be justifiably concluded, that given time and the wider
usage of doxycycline a similar pattern of tooth discolouration
will not emerge?

As with the other tetracyclines, it appears, from the work
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of Forti and Benincori,53 and of Poloczek,55 that not all of
the patients that receive doxycycline can be expected to
exhibit tooth discolouration; further, it appears that
doxycycline does cause less discolouration than its
analogues. However, the investigators in both of these
studies could not have examined the affected teeth, as they
would not have erupted and been visible within the one
year examination time period. To date, there has not been a
prospective, randomised, double blind study that compared
doxycycline with other tetracyclines from which it is
possible to make a definitive statement about the decreased
incidence discolouration of the teeth by doxycycline.
Therefore, doxycycline may present a clinical dilemma
because of inadequate data concerning the staining of
developing teeth. If this is true, then caution should be
exercised when prescribing doxycycline and children who
receive the drug should be kept under long term review.

Laboratory analysis has demonstrated that doxycycline
has a lower affinity to form calcium phosphate complex
than the other tetracyclines.58 This is possibly why the
clinical data presently available appear to indicate that
doxycycline can be administrated to children without the
fear of causing discolouration of the teeth that are forming
at the time of the administration, However, it must be
remembered that the available data are limited to only a
few simple clinical trials and case reports. The lesson learnt
from the other tetracyclines which were introduced and then
freely used, and in some regions still are, should not be
forgotten. If doxycycline is to be used then careful
monitoring of the subjects who are prescribed the drug
should take place. Detailed documentation of the dose,
frequency, chronological and dental age of the recipients
should be maintained until after eruption of the teeth that
were forming during the time the drug was administrated.
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