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ORIGINAL ARTICLE

Oral ketamine induced pathological changes of the urinary tract
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Abstract

Introduction: In recent years, prolonged ketamine abuse has been reported to cause urinary tract
damage. However, there is little information on the pathological effects of ketamine from oral
administration. We aimed to study the effects of oral ketamine on the urinary tract and the reversibility
of these changes after cessation of ketamine intake. Methods: Rats were fed with illicit (a concoction
of street ketamine) ketamine in doses of 100 (N=12), or 300 mg/kg (N=12) for four weeks. Half
of the rats were sacrificed after the 4-week feeding for necropsy. The remaining rats were taken
off ketamine for 8 weeks to allow for any potential recovery of pathological changes before being
sacrificed for necropsy. Histopathological examination was performed on the kidney and urinary
bladder. Results: Submucosal bladder inflammation was seen in 67% of the rats fed with 300 mg/kg
illicit ketamine. No bladder inflammation was observed in the control and 100 mg/kg illicit ketamine
groups. Renal changes, such as interstitial nephritis and papillary necrosis, were observed in rats
given illicit ketamine. After ketamine cessation, no inflammation was observed in the bladder of all
rats. However, renal inflammation remained in 60% of the rats given illicit ketamine. No dose-effect
relationship was established between oral ketamine and changes in the kidneys. Conclusion: Oral
ketamine caused pathological changes in the urinary tract, similar to that described in exposure to
parenteral ketamine. The changes in the urinary bladder were reversible after short-term exposure.
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INTRODUCTION clinical features.?> Although the clinical symptoms
are well established, the exact underlying
mechanism is still unknown.

The most postulated mechanism has been the
disruption of the urothelial barrier leading to the
leakage of urine constituents that may lead to
chronic inflammation and urinary dysfunction.
However, this is most likely to be a consequence
of ketamine cystitis rather than the cause based
on findings from Rajandram er al (2016).°
Therefore, the need to investigate other possible
mechanisms that may be involved is crucial as
the development of proper treatment for the
disease will be hindered if no clear mechanism
is established.

Ketamine may have direct microvasculature
toxicity, which causes ischaemia and fibrosis
or neural toxicity which induces nerve fibre

Ketamine is a well-known anesthetic drug used
predominantly in veterinary settings. Ketamine
has the ability to cause hallucinations and sensory
distortion. Hence in the past several years, it has
been more popularly known as a choice for abuse
among young partygoers. The long-term use of
ketamine especially abuse of ketamine has been
confirmed to cause urinary tract damage. This
was first described by Shahani et al in 2007 and
approximately 20-30% of ketamine abusers are
noted to have this problem.'

The clinical manifestations of ketamine-abuse
are lower urinary tract symptoms with a decreased
bladder capacity caused by chronic bladder
inflammation.'*> Moreover in the progressive
stages of the disease, hydronephrosis, papillary
necrosis and renal impairment are the common
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degeneration.®’” Ketamine may also cause an
autoimmune reaction, which results in bladder
inflammation.® It was originally suspected that
these inflammatory changes were contributed by
impurities present in street ketamine. However,
studies with prolonged intraperitoneal exposure
of pure ketamine injection in mice yielded
the typical urinary tract pathological changes
as described in human subjects who abused
ketamine for a prolonged period.”® Although
less commonly reported, patients on ketamine
for chronic pain could also be similarly affected.’
Currently, ketamine cessation is the only known
effective management strategy.'®!! Patients
who discontinue ketamine use may experience
symptomatic relief. However, the potential for
reversing the pathological changes in affected
organ systems upon stopping ketamine is
uncertain.

Currently, there is no report on pathological
changes in the urinary tract after prolonged
oral ketamine exposure as all animal studies
to date involved parenteral administration of
pure ketamine. There is also a lack of studies
on illicit ketamine tablets which often contain
adulterants such as caffeine.'? Our study aimed
to examine the histopathological changes in
the urinary tract of rats administered with oral
ketamine (illicit combination). The study was
extended to determine the potential recovery
from the pathological changes after cessation
of ketamine intake.

MATERIALS AND METHODS

Animals

Animal experimentation was approved by the
Animal Use and Care Committee, University
of Malaya. Eight-week old rats (male, Sprague-
Dawley) were obtained from the University of
Malaya Laboratory Animal Centre. The rats
were housed in aluminium cages with shredded
recycled paper as bedding. They were maintained
on rat feed supplied by Specialty Feeds Pty.
Ltd. (Australia) and water ad libitum. The rats
were allowed to adjust to their new surrounding
environment for two days before the start of
the study.

Chemicals and drug administration

An illicit ketamine combination (38% ketamine
hydrochloride, 55% caffeine, 7% magnesium
stearate and coloring) were supplied by the
Malaysian National Chemistry Department
Laboratory. The composition of the illicit
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ketamine was determined from a sample seized
by the police. The ketamine was dissolved in
distilled water and administered to the rats orally
with a gavage feeding needle (Animal feeding
needle, 18Ga, Cadence Science, USA). Feeding
was carried out daily for four weeks and rats
were weighed twice a week for dose adjustment.

Treatment and dosage

In the treatment groups, rats were randomly
assigned into groups fed with 100 mg/kg or
300mg/kg of illicit ketamine combination.
With this assignment, there were two treatment
groups, i.e., two groups on the stated doses of
illicit ketamine, with 12 rats per dosage group.
For each treatment group, half of the rats were
euthanized after four weeks while the other half
were kept alive to observe any effect after eight
weeks of ketamine cessation. Control rats (N=15)
were given distilled water instead of ketamine.

Tissue sampling

Rats were euthanized with carbon dioxide
inhalation. The kidneys, ureters and bladder
were then removed and fixed overnight with
10% formalin in 0.1 M phosphate buffer.
Subsequently, specimens were processed with
increasing concentration of ethanol, three
changes of xylene and paraffin embedding.
Tissues embedded in paraffin blocks were then
sectioned and slides stained with haematoxylin
and eosin. The slides were then examined for
general morphology and histopathological
changes using conventional light microscopy.

Immunohistochemistry (CD3 and PAXS5)

Heat antigen retrieval was carried out in citrate
buffer (0.1 M, pH 6.0). After antigen retrieval,
immunohistochemistry was performed using an
automated machine with optimized protocols
on Ventana’s Benchmarck ULTRA (USA).
Antibodies used were CD3 (Dako, USA) at 1:200
dilution and PAXS5 at 1:20 dilution (Neomarkers,
USA). The positive control (human tonsil) and
negative control (without primary antibody) were
used for each batch of staining.

Statistical analysis

Data analysis was carried out using Fisher’s
exact test for incidence of inflammation. A
p value<0.05 was considered as statistically
significant.
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TABLE 1: Incidence of kidney and bladder inflammation

Treatment Incidence of inflammation Incidence of inflammation
groups after 4-week drug exposure after 8-week drug cessation
(Dosage) Kidney Bladder Kidney Bladder
Control 0/9 0/9 0/6 0/6
licit 100 mg/kg 6/6* 0/6 3/5 0/5
ketamine 300 mg/kg 2/6 4/6* 3/5 0/5
combination

*p<0.05 significantly different from the control using Fisher’s exact test

RESULTS

Bladder

Mild to moderate chronic bladder inflammation
was observed in 66.7% (4/6) rats given 300mg/kg
illicit ketamine (Table 1) (Fig. 1a). Inflammatory
cells consisting of mainly lymphocytes were seen
in the bladder submucosal layer. In comparison,
there was no inflammation in the bladders of the
100 mg/kg illicit ketamine dosage and control
groups of rats (Fig. 1b). Taken as a whole group,
regardless of the dosage, bladder inflammation

was present in 33.3% (4/12) of the rats in the
illicit ketamine groups. Inflammatory aggregates
or clusters in the bladder of rats treated with 300
mg/kg illicit ketamine showed positive immune-
staining for CD3, which is a T cell marker, as
well as for PAXS, a B cell marker (Fig. 2).

Kidney

No histological change was detected in the
kidneys of rats in control groups (Fig. lc).
However, in rats fed with illicit ketamine,

FIG. 1: Haematoxylin and eosin staining of the bladder and kidney. The arrows indicate infiltration of inflamma-
tory cells. (a) Bladder section from a rat in the 300 mg/kg illicit ketamine combination group with focal
aggregates or clusters of predominantly lymphocytes in the submucosa. 40x. (b) Bladder section from a
control rat revealing normal histology. 20x. (c) Kidney section of a control rat showing normal tubules
and glomeruli. 40x. (d) Presence of mononuclear inflammatory cells in between tubules in a rat treated
with 100 mg/kg illicit ketamine combination. 100x. (e) Renal papillae with evidence of fibrinoid necrosis
between the tubules in a rat treated with 300 mg/kg illicit ketamine. 40x
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FIG. 2: Positive immunohistochemistry staining of the lymphocyte aggregates in a rat bladder from the 300 mg/
kg illicit ketamine combination group. 200x. (a) CD3 staining (b) Pax5 staining

interstitial nephritis developed in six (6/6) of
the rats on 100mg/kg dosage (p = 0.0002)
(Table 1) (Fig. 1d). Glomeruli and tubules
appeared normal. Papillary necrosis was
observed in two of the rats (2/6) on the 300 mg/kg
dosage (Fig. le). In total, inflammatory changes
in the kidney was present in 66.7% (8/12) of the
rats fed with illicit ketamine.

Rodent body weights and other findings

Figure 3 shows the comparison of average
weight gains in rats from the control and
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FIG. 3: Comparison of mean weight gains in rats from control and illicit ketamine treatment groups during the
treatment period. *Denotes statistically significant difference (p<0.05) compared to the control group
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There were two rat mortalities in the groups
given 100 and 300 mg/kg illicit ketamine after
3 weeks of treatment (one mortality per dosage
group). On the whole, there was no clear
dose dependency between ketamine and the
development of inflammation in the kidney. No
histological change was observed in the ureters
of all rats.

After eight weeks without ketamine (in
cessation groups), no bladder inflammation
was observed but interstitial nephritis was still
present in 60% of the rats in the 100 and 300
mg/kg groups (Table 1).

DISCUSSION

The current study is the first to show that oral
feeding with illicit ketamine combination causes
inflammatory changes in the kidney and bladder
in an animal model. Inflammation was observed
in the bladder of rats fed with 300 mg/kg illicit
ketamine. The pathological changes in the urinary
tract appeared to occur in the bladder where urine,
along with the ketamine metabolites, is stored for
a longer duration compared to the upper urinary
tract (ureter). This finding is consistent with
the clinical manifestation in ketamine abusers
where early symptoms and damage are reported
to occur in the bladder.

Rats given illicit ketamine combination
developed interstitial nephritis even at lower
doses. Although this study was the first to
experiment using a concoction of ketamine used
in the illicit setting, it was not designed to identify
the exact causative agent in the pathogenesis
of ketamine associated uropathy. As such, we
can only postulate that adulterants in the illicit
ketamine might contribute to the pathological
changes. Caffeine, present in the illicit
combination, has been implicated to increase
the risk of analgesic nephropathy although
the mechanism is unknown and the evidence
inconclusive.!”® It is postulated that adenosine
receptors in the kidney could have a role in this
process.'* Ketamine and caffeine, both inhibitors
of adenosine receptors, may interfere with the
regulation of glomerular filtration and blood flow
in the kidney.">!¢ However, chronic ingestion
of caffeine alone in the rat has been shown to
not cause significant pathological changes in
the kidney."* Whether caffeine potentiates the
inflammatory effect of ketamine on the kidney
will require further investigation.

Rats with inflammatory changes in the
urinary tract in this study showed infiltration

predominantly of lymphocytes. The nature of
submucosal infiltrates in the bladder of rats in
this study was comparable to the histopathology
of patients with interstitial cystitis.'” However,
contrary to the typical histopathological
appearance in interstitial cystitis, denudation
of the urothelium was not observed in this
study. This suggests that, in the early phase of
pathological damage, the inflammation may not
be caused by a compromised urothelial barrier
at the macroscopic level. This was supported
in a study by Rajandram et al where voiding
dysfunction in mice induced by ketamine was not
accompanied by disruption of urothelial barrier
function.® They postulated that the disruption of
the urothelial barrier, and possibly inflammatory
response, may be a consequence of stress caused
by ketamine induced voiding dysfunction. The
presence of CD3 (T cell marker) and Pax 5 (B
cell marker) immunostaining suggests that there
is a cellular autoimmune response which could
be attributed to ketamine and its metabolites.'®

With regards to the microscopical examination
of other component cells in the bladder,
recent animal studies (all using parenteral
ketamine administration) have indicated the
importance of neurogenic damage in the
pathogenesis of ketamine cystitis. Yeung et al
demonstrated a loss of cholinergic neurons in
rats with prolonged ketamine administration.’
Furthermore, dysregulation of purinergic neuron
transmission was suggested as a possible cause of
ketamine induced bladder or voiding dysfunction
in a study by Meng et al." All these local neural
damages could be a result of ketamine and its
metabolites. Future studies in this direction will
reveal more information regarding the exact
mechanisms of this disorder.

It is worthy of note from this study that
bladder inflammation occurred even with
short-term exposure to oral ketamine. This
has clinical implications for patients who are
taking ketamine for chronic pain. In this group
of patients, microscopic bladder inflammatory
changes could occur with short term use. Thus,
it would be best to avoid the use of ketamine in
this setting and consider other alternatives. The
clinical symptoms of patients with ketamine
induced cystitis are potentially reversible with
timely discontinuation of ketamine but in patients
who have abused ketamine for years or have a
severely contracted bladder, the pathological
damage is likely to be irreversible.>® In a
report by Mak et al, adults taking ketamine
more than three times per week over a period
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exceeding two years experienced significant
changes in their bladder function.*® However,
the potential for recovery after abstaining from
ketamine for one year has been reported as
well.®® This clinical observation was reflected
in the current study which demonstrated, for the
first time in an animal model, the reversibility
of histopathological changes induced by short-
term ketamine exposure. Our results showed that
bladder morphology normalized after cessation
of ketamine for eight weeks. With regards to
kidney changes, however, the inflammation still
remained in a significant number of the rats fed
with illicit ketamine combination. Itis likely that
kidney inflammation takes longer to resolve. In
clinical practice, most patients with drug induced
interstitial nephritis have been shown to recover
with early intervention or discontinuation of the
offending drug although recovery may take a
longer period of time.?!

Regarding the dosage of ketamine
administration, 100 mg/kg was a subanaesthetic
dose inrats as they caused ataxia while 300 mg/kg
caused some rats to be completely immobilized.
In rats, central nervous system (CNS) effects
could be observed within 10 minutes of oral
administration due to the rapid absorption of
ketamine through the gastrointestinal tract.”? The
CNS effect from oral ketamine is comparable to
intravenous ketamine. Overall, there was no clear
dose effect relationship between different doses
of ketamine and the development of inflammation
in the kidney in this study. As ketamine is a
basic drug, the ionization status of the drug is a
matter of concern as it may affect the rate of drug
absorption. This highlighted the wide variability
in drug absorption through the gastrointestinal
tract. Parenteral administration is likely to give
more consistent results in an experimental setting.
In humans, the bioavailability of oral ketamine is
16-24% as the drug undergoes massive first pass
metabolism, where ketamine is rapidly converted
to norketamine.”?* Our study demonstrated that,
despite the low bioavailability of oral ketamine,
it could still cause pathological damage to the
urinary system. This shows that oral ketamine
abuse is not any safer than parenteral use.

The limitations of the study include the
variable enteral absorption of oral ketamine as
pointed out above. In future studies, the blood
and urine of rats can be analysed to determine
the absorption efficiency along with the amount
of ketamine and its metabolites in the urine. The
pathogenesis of ketamine related urinary tract
damage remains unclear at the present time as
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there is a paucity of data in this aspect. Our study
had focused on short term ketamine exposure
and the observation of pathological changes
in the urinary tract after such exposure. This
will provide important basic histopathological
information on the early changes in oral ketamine
related organ damage which will serve as a basis
for comparison with long term pathological
changes in future studies.

In conclusion, oral ketamine is able to induce
inflammatory changes in the urinary tract of rats
after four weeks of exposure. Results from illicit
ketamine administration suggest that adulterants
present in street ketamine could affect the
inflammatory response in these organs. Recovery
was seen in the bladder after eight weeks of drug
cessation while inflammation in the kidney was
more persistent. This indicates that ketamine
cessation at an early stage is important to prevent
irreversible damage to the urinary tract.

ACKNOWLEDGEMENTS

The authors would like to thank Bunita Kumari
Hari Chand for her help in processing the tissue
samples and Mr. Chan K.B. for providing the
ketamine samples. We are also grateful to
Hamidah Hamid for her assistance in the animal
work. This study was supported by funding from
University Malaya Research Grants (UMRG,
grant #RG259-10HTM and RG414-12HTM).

Ethics review

The study complied with the institution’s ethical
standard for animal experimentation. (Animal
ethics approval number: 5/05/05/2010/0OT(R))

Conflict of interest
The authors report no conflict of interest.

REFERENCES

1. Shahani R, Streutker C, Dickson B and Stewart
RJ. Ketamine-associated ulcerative cystitis: a new
clinical entity. Urology. 2007; 69: 810-2.

2. Chu PS, Ma WK, Wong SC, et al. The destruction
of the lower urinary tract by ketamine abuse: a new
syndrome? BJU Int. 2008; 102: 1616-22.

3. Muetzelfeldt L, Kamboj SK, Rees H, Taylor J,
Morgan CJ, Curran HV. Journey through the K-hole:
phenomenological aspects of ketamine use. Drug
Alcohol Depend. 2008; 95: 219-29.

4. Huang LK, Wang JH, Shen SH, Lin AT, Chang
CY. Evaluation of the extent of ketamine-induced
uropathy: the role of CT urography. Postgrad Med
J. 2014; 90: 185-90.

5. Lee PY, Ong TA, Chua CB, Lei CCM, Teh GC.
Street ketamine-associated bladder dysfunction: an



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ORAL KETAMINE INDUCED PATHOLOGICAL CHANGES

emerging health problem. Malays Fam Physician.
2009; 4: 15-18.

Rajandram R, Ong TA, Razack AH, Maclver B,
Zeidel M, Yu W. Intact urothelial barrier function
in a mouse model of ketamine-induced voiding
dysfunction. Am J Physiol Renal Physiol. 2016;
310: F885-94.

Yeung LY, Rudd JA, Lam WP, Mak YT, Yew DT.
Mice are prone to kidney pathology after prolonged
ketamine addiction. Toxicol Lett. 2009; 191: 275-8.
ChuPS, Kwok SC,Lam KM, et al. ‘Street ketamine’-
associated bladder dysfunction: a report of ten cases.
Hong Kong Med J. 2007; 13: 311-3.

Storr TM, Quibell R. Can ketamine prescribed for
pain cause damage to the urinary tract? Palliat Med.
2009; 23: 670-2.

Tsai TH, Cha TL, Lin CM, et al. Ketamine-
associated bladder dysfunction. Int J Urol. 2009;
16: 826-9.

. Tam YH, Ng CF, Pang KK, et al. One-stop clinic

for ketamine-associated uropathy: report on
service delivery model, patients’ characteristics
and non-invasive investigations at baseline by a
cross-sectional study in a prospective cohort of 318
teenagers and young adults. BJU Int. 2014; 114:
754-60.

Hsu HR, Mei YY, Wu CY, Chiu PH, Chen HH.
Behavioural and toxic interaction profile of ketamine
in combination with caffeine. Basic Clin Pharmacol
Toxicol. 2009; 104: 379-83.

Elseviers MM, De Broe ME. Analgesic nephropathy:
is it caused by multi-analgesic abuse or single
substance use? Drug Saf. 1999; 20: 15-24.
Champion de Crespigny P, Hewitson T, Birchall
I, Kincaid-Smith P. Caffeine potentiates the
nephrotoxicity of mefenamic acid on the rat renal
papilla. Am J Nephrol. 1990; 10: 311-5.
Mandryk M, Fidecka S, Poleszak E and Malec D.
Participation of adenosine system in the ketamine-
induced motor activity in mice. Pharmacol Rep.
2005; 57: 55-60.

Rieg T, Steigele H, Schnermann J, Richter
K, Osswald H, Vallon V. Requirement of
intact adenosine Al receptors for the diuretic
and natriuretic action of the methylxanthines
theophylline and caffeine. J Pharmacol Exp Ther.
2005; 313: 403-9.

Denson MA, Griebling TL, Cohen MB, Kreder KJ.
Comparison of cystoscopic and histological findings
in patients with suspected interstitial cystitis. J Urol.
2000; 164: 1908-11.

Izgi K, Altuntas CZ, Bicer F, et al. Uroplakin
peptide-specific autoimmunity initiates interstitial
cystitis/painful bladder syndrome in mice. PloS
One. 2013; 8: €72067.

Meng E, Chang HY, Chang SY, Sun GH, Yu DS, Cha
TL. Involvement of purinergic neurotransmission
in ketamine induced bladder dysfunction. J Urol.
2011; 186: 1134-41.

Mak SK, Chan MT, Bower WF, et al. Lower urinary
tract changes in young adults using ketamine. J
Urol. 2011; 186: 610-4.

Kodner CM, Kudrimoti A. Diagnosis and

22.

23.

24.

management of acute interstitial nephritis. Am Fam
Physician. 2003; 67: 2527-34.

Shimoyama M, Shimoyama N, Inturrisi CE, Elliott
K. Oral ketamine produces a dose-dependent CNS
depression in the rat. Life Sci. 1997; 60: PL9-14.
Chong C, Schug SA, Page-Sharp M, Jenkins B, Ilett
KF. Development of a sublingual/oral formulation
of ketamine for use in neuropathic pain: preliminary
findings from a three-way randomized, crossover
study. Clin Drug Investig. 2009; 29: 317-24.
GrantIS,Nimmo WS, Clements JA. Pharmacokinetics
and analgesic effects of i.m. and oral ketamine. Br
J Anaesth. 1981; 53: 805-10.

53



