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Background/Aims: Colchicine is an established drug for microtubule stabiliza-
tion that may reduce tissue injury. No data were available that its effects may de-
pend on the dosage of colchicine. We investigated the anti-fibrotic and apoptotic
effects of various dose of colchicine in a unilateral ureteral obstruction (UUO)
model.

Methods: Thirty-six Sprague-Dawley rats were randomly assigned into six
groups. Two sham groups were divided into a vehicle-treated or colchicine-treated
group (100 pg/kg/day). Four UUO groups were treated with either vehicle or three
different doses of colchicine for 7 days (30, 60, and 100 pg/kg/day, intraperitoneal-
ly). All of the animals were sacrificed on day 7.

Results: Colchicine treatment diminished acetylated a-tubulin and tumor
growth factor-f immunoreactivities in the cortical area of the 7-day obstructed
kidneys, which was in dose dependent manner. Colchicine attenuated tubuloint-
erstitial damage and apoptosis in both cortical and medullary area, and benefi-
cial effects of colchicine therapy were dramatically shown at the higher dosage of
colchicine. The expression levels of cleaved caspase-3, ED-1, and fibronectin were
decreased in UUO animals.

Conclusions: We found that the proper dosage of colchicine may have anti-fibrot-
ic and anti-apoptotic effects in obstructed kidneys. For clinical applications, an
optimal dose of colchicine should be evaluated to maximize the prevention of re-
nal disease progression.
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INTRODUCTION

have demonstrated that microtubule alteration using
colchicine induces survival signals [2].

As the number patients with chronic kidney disease
rapidly grows, a need for novel and effective medica-
tion for renal disease is rising. Discovering unknown
effects of established drugs will be another way to ame-
liorate the progression of renal disease. Colchicine is
a microtubule-targeting agent which depolymerizes
microtubules and blocks mitosis [1]. Colchicine is used
as an anti-cancer medication for apoptosis induction in
cancer cells. Additionally, it has previously been used to
relieve acute gout flares. In contrast, some researchers
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Colchicine has demonstrated its anti-fibrotic and an-
ti-inflammatory effects in several kidney models of cres-
centic nephritis [3], chronic cyclosporine nephrotoxicity
[4], diabetic nephropathy [5], and hypertensive chronic
kidney disease [6]; however, these studies used only a
single dosage of colchicine. The kidney has functional
nephron heterogeneity, suggesting that the medulla is
much more susceptible than the cortex to obstructive
nephropathy and renal ischemia [7,8]. However, the ma-
jority of the previous studies did not address this dispar-
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ity between the cortex and medulla nor did they evaluate
these areas separately.

Unilateral ureteral obstruction (UUO) is a good mod-
el of tubular apoptosis and interstitial fibrosis in the
kidneys [9,10]. Mechanical stress induces the over-po-
lymerization of microtubules, and contributes to tissue
morphogenesis, remodeling, and fibrosis [11]. We inves-
tigated the microtubule-depolymerizing effects of vari-
ous doses of colchicine on renal fibrosis and apoptosis
at both the surface and deep nephron during obstruc-
tive nephropathy. Our findings provide a new perspec-
tive on the renoprotective eftects of colchicine.

METHODS

The Institutional Animal Care and Use Committee
(Seoul National University Bundang Hospital) approved
the experimental protocol (No. BA1112-094/074-01).

Thirty-six specific pathogen-free male Sprague-Daw-
ley rats (5 to 6 weeks old; Orient Bio Inc., Seongnam, Ko-
rea), initially weighing approximately 240 g, were kept
in a temperature-controlled room and were allowed free
access to standard laboratory chow and tap water. UUO
was performed by ligation of the left ureter and a sham
operation was identical to the UUO operation except for
the ligation of the ureter. A total of rats comprised the
sham groups (n = 12) and the UUO groups (n = 24). The
sham groups were divided into a vehicle-treated group
and a colchicine-treated group (100 pg/kg/day); the UUO
groups were divided in dose dependent manner (vehi-
cle, 30, 60, and 100 pg/kg/day colchicine treatment). For
7 days, the rats in the vehicle group received a daily an
intraperitoneal injection of only sterile saline, and the
rats in the colchicine group received colchicine (Sig-
ma-Aldrich Corp., Yongin, Korea) intraperitoneally on
a daily basis for 7 days. On day 7, all of the animals were
sacrificed, and the kidneys were isolated and immedi-
ately stored at —70°C until use.

Blocks of kidney were fixed in 10% buffered formalin
and embedded in paraffin for routine histological ex-
amination. The glomerulosclerosis index was assessed
on periodic-acid Schiff-stained paraffin sections at a
magnification of x4o00. The tubulointerstitial injury in-
dexes were determined using a semiquantitative scor-
ing system on Masson’s trichrome-stained sections
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at a magnification of x100. More than 10 consecutive
fields were examined and the grading was performed
in a blind manner. The tubulointerstitial injury score
was estimated based on the tubular atrophy, intersti-
tial inflammation, fibrosis and casts in the range of o
to 3 (o, no change; 1, < 25%; 2, 25% to 50%; and 3, 50%
to 100%) [12]. Apoptosis was detected by enzymatically
labeling DNA strand breaks using terminal deoxynu-
cleotidyl transferase dUTP nick end labeling (TUNEL)
staining. TUNEL staining was performed using a Cell
Death Detection Kit (Roche, Mannheim, Germany). To
reveal the total quantity of nuclei, the same slides were
stained with 4’,6'-diamidino-2-phenylindole and the
TUNEL-positive cells were counted in at least 10 differ-
ent fields under x200 magnification. Positive staining
was detected using a laser-scanning confocal microsco-
py (Zeiss LSM 710, Carl Zeiss, Oberkochen, Germany).
The kidneys were dissected into the cortex and inner
stripe of the outer medulla and each region was sepa-
rately homogenized using a tissue homogenizer (Pow-
erGun 125, Fisher Scientific, Pittsburgh, PA, USA) [13].
Each protein analyzed using Pierce BCA Protein Assay
Kit (Pierce Biotechnology, Rockford, IL, USA). The sam-
ples were fractionated by SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis). After trans-
fer onto the protran nitrocellulose transfer membrane
(Whatman, Gassel, Germany), the blots were probed
using the following antibodies: monoclonal mouse an-
ti-acetylated o-tubulin antibody (Abcam, Cambridge,
UK) and anti-o-tubulin (Santa Cruz Biotechnology,
Santa Cruz, CA, USA), anti-vimentin (Santa Cruz Bio-
technology), anti-E-cadherin (BD biosciences, San Jose,
CA, USA), anti-a-smooth muscle actin (Abcam), anti-fi-
bronectin (F3648, Sigma-Aldrich, St. Louis, MO, USA),
anti-caspase-3 (Cell Signaling Technology, Danvers, MA,
USA), anti-caspase-9 (BD Biosciences), ED-1 (MCA1957,
AbD serotec, Oxford, UK), and goat polyclonal anti-f3-ac-
tin (Santa Cruz Biotechnology). Incubation with peroxi-
dase-conjugated anti-rabbit or anti-goat IgG secondary
antibodies (Pierce Biotechnology) was followed by band
visualization using enhanced chemiluminescence (ECL
RPN 2106, Amersham Pharmacia Biotech, Bucking-
hamshire, UK). The band densities were quantified by
densitometry (GS-7oo Imaging Densitometry, Bio-Rad,
Hercules, CA, USA). Tumor growth factor 1 (TGF-f1)
immunoassay system were purchased from Promega
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Figure 1. Comparison of (A) acetylated a-tubulin, (B) a.-tubulin, and (C) tumor growth factor g (TGF-f) using colchicine treat-
ment in ureteral obstructive kidneys. The expression of acetylated o-tubulin was increased in unilateral ureteral obstruction
(UUO)-operated rats and was diminished in the cortical lesions of colchicine-treated UUO rats. The cortical expression of
TGF-B was increased after UUO, and then gradually decreased during colchicine treatment. SV, sham-operated rats with vehi-
cle; SC, sham-operated rats with colchicine treatment; UV, ureteral obstructive rats with vehicle; UC, ureteral obstructive rats

with colchicine treatment. % < 0.05, °p < 0.01.

(Maison, WI, USA)

Statistical analysis

Comparisons between two groups were made with the
Mann-Whitney U test, and comparisons among three
groups were made with the Kruskal-Wallis test (SPSS
version 18.0, SPSS Inc., Chicago, IL, USA). Band density
values were standardized by dividing them by the aver-
age value of the control group. The mean for the con-
trol group was defined as 100%, and the results were
expressed as the mean + SEM. A p < 0.05 was considered
statistically significant.
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RESULTS

To evaluate the effects of colchicine on microtubule
polymerization, immunoblots of acetylated a-tubulin,
a-tubulin, and vimentin were performed. The immu-
noblotting of acetylated a-tubulin in UUO-operated
rats was slightly increased compared to the sham-op-
erated rats and was diminished in the cortical lesion
of the 60- and 100-mg colchicine-treated UUO rats
(Fig. 1). The immunoreactivity of a-tubulin was not
significantly changed in colchicine- or vehicle-treated
UUO rats. Although immunoblotting demonstrated
that vimentin was also increased in the UUO models,
colchicine treatment failed to exhibit differences in
the UUO rats (data not shown). The cortical expres-
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Figure 2. Pathologic findings in ureteral obstructive kidneys: glomerulosclerosis
(periodic-acid Schiff [PAS] stain, x400), tubulointerstitial damage (Masson’s-tri-
chrome [MT] stain, x100), and apoptosis (terminal deoxynucleotidyl transferase
dUTP nick end labeling [TUNEL] stain, x200). Tubulointerstitial damage and
apoptosis were attenuated after colchicine treatment. Cx, cortical lesion; Med,
medullary lesion; SV, sham-operated rats with vehicle; SC, sham-operated rats
with colchicine treatment; UV, ureteral obstructive rats with vehicle; UC, ureteral

obstructive rats with colchicine treatment. *p < 0.05, °p < 0.01.

sion of TGF-p was also increased after UUO, and was
gradually decreased under colchicine treatment (Fig. 1).
The increased dosage of colchicine treatment in UUO
animals leaded to decreased expression of acetylated
a-tubulin and TGF-f, compared to the vehicle-treated
UUO animals.

We observed glomerulosclerosis, tubulointerstitial fi-
brosis, and tubular apoptosis as the primary endpoints
of this animal study. The glomerulosclerosis indices
were the same among all six groups determined by peri-
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odic-acid Schiff staining. The tubular damage and inter-
stitial fibrosis scores as revealed by Masson’s trichrome
staining were increased in the UUO rats compared to
the sham-operated rats, and these scores in both cortical
and medullary lesions were attenuated in the high-dose
colchicine-treated UUO rats to a greater degree com-
pared to vehicle-treated UUO rats (Fig. 2). The number
of tubular apoptotic cells was significantly increased
after the UUO operation, but was significantly reduced
in both cortical and medullary lesions with colchicine
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Figure 3. Immunoblots related to fibrosis: (A) fibronectin, (B) E-cadherin, and (C) a-smooth muscle actin. Fibronectin expres-
sion was reduced with colchicine therapy; epithelial-mesenchymal transition markers were not changed. SV, sham-operated
rats with vehicle; SC, sham-operated rats with colchlcme treatment; UV, ureteral obstructive rats with vehicle; UC, ureteral

obstructive rats with colchicine treatment. *p < 0.05, p <0.01.

treatment in a dose-dependent manner (Fig. 2).

Fibronectin was markedly increased in the UUO
models, whereas it was significantly ameliorated with
colchicine treatment in the medullary lesions of UUO
rats (Fig. 3). The expression of E-cadherin decreased
while a-smooth muscle actin increased after ureteral
obstruction; however, there were no differences between
the colchicine- and vehicle-treated groups.

The expression of apoptosis-related protein, includ-
ing cleaved caspase-3 and caspase-9, was examined.
Cleaved caspase-3 was increased in UUO models and

572  www.kjim.org

was abrogated in cortical and medullary lesions with
increasing doses of colchicine (Fig. 4). The expression
of caspase-9 was slightly decreased with colchicine
treatment in the UUO rats, but no significant differenc-
es were found (Fig. 4). Immunoblots of ED-1 were also
evaluated to quantify inflammation. In the UUO rats,
the expression of ED-1 was increased compared to the
sham-operated controls, whereas ED-1 expression was
attenuated after colchicine treatment in the UUO rats,
especially in medullary lesions (Fig. 4).
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Figure 4. Immunoblots related to apoptosis and inflammation: (A) cleaved caspase-3, (B) caspase-9, and (C) ED-1. The caspase 3
pathway was blocked and ED-1 was slightly decreased with high-dose colchicine therapy. SV, sham-operated rats with vehicle;
SC, sham-operated rats with colchicine treatment; UV, ureteral obstructive rats with vehicle; UC, ureteral obstructive rats with

colchicine treatment. % < 0.05, °p < 0.01.

DISCUSSION

We found that an appropriate dosage of colchicine can
ameliorate renal fibrosis and apoptosis in obstructive
nephropathy, indicating that colchicine can be used to
prevent the progression of kidney injury. The depolym-
erizing effect of colchicine may lead to the attenuation
of renal fibrosis and apoptosis in obstructed kidneys.
We found that ureteral obstruction may induce the
over-activation and alteration of microtubules in corti-
cal lesions. Exogenous mechanical forces contribute to

https://doi.org/10.3904/kjim.2016.131

the overexpression of acetylated tubulin [14]. Colchicine
is known to inhibit the polymerization of tubulin [4] and
the acetylation of tubulin polymers [15]. When we eval-
uated cytoskeletal components such as microtubules
(acetylated o-tubulin and a-tubulin) and intermediate
filaments (vimentin), we confirmed the decreased ex-
pression of acetylated a-tubulin after treatment with
colchicine in the UUO kidneys. TGF-p plays a crucial
role in the promotion of renal fibrosis, and colchicine
suppresses TGF-f3 expression and diminishes cyclospo-
rine related nephrotoxicity [16,17], which may be con-
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sistent with our results that colchicine treatment led to
down-regulation of TGF-f and reduced renal fibrosis.
Some researchers have reported that the deacetylation
of a-tubulin by histone deacetylase 6 contributes to the
TGF-p related epithelial mesenchymal transition [18].
However, this is inconsistent with our finding that the
attenuation of acetylated a-tubulin by colchicine was
associated with decreased TGF-f} expression. Acetylat-
ed o-tubulin is present at the junction between a T-cell
and an antigen presenting cell, and the deacetylation of
tubulin may attenuate the lymphocyte activation signal-
ing cascade [19]. This is consistent with our finding that
ED-1, a cellular marker that is specific for macrophages,
has been shown to be decreased by colchicine treatment
in UUO models. It is possible that the attenuation of
inflammatory cells may lead to reduced TGF-f produc-
tion, which may be associated with the anti-apoptotic
and anti-fibrotic effects of colchicine treatment.

We found that high dose colchicine led to a reduction
in acetylated a-tubulin and caspase-3 expression in the
cortical lesions of UUO rats. This is consistent with a
previous report that found that the acetylation of o-tu-
bulin led to the activation of caspase-3 [4], which may
be related to renal apoptosis [20]. In the current study,
only caspase-3 expression and tubular apoptosis were
attenuated in medullary lesions without microtubule
alterations. The extracellular signal-regulated kinase
(ERK) pathway may be involved in mechanical stress-in-
duced hypertrophic responses [21]. The initial activation
of ERK after UUO was restricted to the medullary col-
lecting ducts and the thick ascending limb of Henle,
which precedes tubular proliferation and injury [22].
In vitro studies showed that colchicine causes inactiva-
tion of ERK [21]. It could be possible that a microtubule
independent anti-apoptotic effect of colchicine may oc-
cur in the medullary lesions of obstructed kidneys. Some
studies demonstrated an apparent interplay between
early apoptosis and subsequent fibrosis, indicating that
apoptosis may be an early event that precedes the onset
of fibrosis [23]. Although we failed to show that colchi-
cine prevents the epithelial mesenchymal transition, a
colchicine-related anti-apoptotic effect may ameliorate
kidney fibrosis. We showed that fibronectin expression
was significantly ameliorated with colchicine treatment
in medullary lesions. This finding may be consistent
with data that show the effect of colchicine on collagen
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accumulation by inhibiting fibronectin translation and
expression [6,24].

Fibronectin expression was decreased after colchicine
treatment in UUO kidneys, which is consistent with
previous reports [5]. In contrast, o-smooth muscle actin
expression was not changed after colchicine treatment.
o-smooth muscle actin is normally expressed in the
smooth muscle lineages cells, particularly fibroblasts.
Fibronectin is a glycoprotein of the extracellular matrix
that is secreted by fibroblasts. This suggests colchicine
treatment may inhibit the secretory function of fibro-
blasts, but may not completely inhibit the proliferation
of fibroblasts in this UUO model. This study has some
limitations. We did not measure renal function using
parameters such as serum creatinine levels or urinary
biomarkers. However, tissue injury indices are used in
many UUO models as outcomes of treatment [25,26].
It is possible that colchicine may retard the exocytosis
of intracellular vesicles such as those expressing aqua-
porin-2 and H+-ATPase via microtubule alterations that
could be related to impaired urine concentration and
tubular acidification [27,28]. Unfortunately, we did not
evaluate the expression of those vesicles; this should be
evaluated in the future. In addition, longer treatment
with colchicine should be evaluated, as these data were
limited to 7-day UUO models.

We found that colchicine may have beneficial effects
on renal apoptosis and fibrosis in obstructed kidneys.
For clinical applications, an appropriate dose of colchi-
cine should be evaluated to maximize the prevention of
renal disease progression.

KEY MESSAGE

1. Colchicine has anti-fibrotic and anti-apoptotic
effects in the obstructed kidneys.

2. Those beneficial effects may depend on the dos-
age of colchicine.

3. For clinical applications, an optimal dose of’
colchicine should be evaluated to maximize the
prevention of renal disease progression.
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