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a b s t r a c t

Introduction: Anti-tuberculosis agent rifampicin is extensively used for its effectiveness. Possible com-
plications of tuberculosis and prolonged rifampicin treatment include kidney damage; these conditions
can lead to reduced efficiency of the affected kidney and consequently to other diseases. Bone marrow-
derived mesenchymal stem cells (BMMSCs) can be used in conjunction with rifampicin to avert kidney
damage; because of its regenerative and differentiating potentials into kidney cells. This research was
designed to assess the modulatory and regenerative potentials of MSCs in averting kidney damage due to
rifampicin-induced kidney toxicity in Wistar rats and their progenies. BMMSCs used in this research
were characterized according to the guidelines of International Society for Cellular Therapy.
Methods: The rats (male and female) were divided into three experimental groups, as follows: Group 1:
control rats (4 males & 4 females); Group 2: rats treated with rifampicin only (4 males & 4 females); and
Group 3: rats treated with rifampicin plus MSCs (4 males & 4 females). Therapeutic doses of rifampicin
(9 mg/kg/day for 3-months) and MSCs infusions (twice/month for 3-months) were administered orally
and intravenously respectively. At the end of the three months, the animals were bred together to
determine if the effects would carry over to the next generation. Following breeding, the rats were
sacrificed to harvest serum for biochemical analysis and the kidneys were also harvested for histological
analysis and quantification of the glomeruli size, for the adult rats and their progenies.
Results: The results showed some level of alterations in the biochemical indicators and histopathological
damage in the rats that received rifampicin treatment alone, while the control and stem cells treated
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group showed apparently normal to nearly normal levels of both bio-indicators and normal histological
architecture.
Conclusions: Intravenous administration of MSCs yielded sensible development, as seen from
biochemical indicators, histology and the quantitative cell analysis, hence implying the modulatory and
regenerative properties of MSCs.
© 2018, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

The most frequently used and efficacious medication for treat-
ing tuberculosis (TB) is rifampicin. Although rifampicin-induced
acute kidney malfunction might occur, this is a common compli-
cation during therapy, as it occurs in 0.1% of those suffering from TB
[45]. Acute interstitial nephritis as an immune-mediated cause of
acute kidney malfunction is also related to rifampicin, which can
lead to 1.6% mortality [2]. It is still a severe impediment that can
proceed to Fanconi syndrome, a proximal renal tubule defect
leading to mal-absorption of major elements, such as phosphorus,
bicarbonate, sodium, potassium, glucose and amino acid that can
lead to numerous signs such as bone pain and fracture, fatigue, and
muscular weakness [67]. The epidemiological statistic associated
with medication provoked renal damage was placed at 18e27% of
all occurrences of acute renal malfunction in the USA hospitals [59].
All the kidney physiological tasks can be disturbed in one way or
another due to drug effect on the kidneys. In an event of persistent
poor glomerular filtration rate, dialysis and transplantation re-
mains the only cure option. Several reports revealed that
rifampicin-induced acute kidney malfunction is a complication
when the medication is re-administered or used irregularly
[15,17,43]. The aftermath of rifampicin-induced acute kidney mal-
function is mostly promising upon discontinuation of medication,
in which 96% of those suffering from TB can attain complete revi-
talization within 90 days as at the start of the renal injury [15];
however, to eradicate Mycobacterium tuberculosis from the patient,
the medication must be taken for 6 months or more. Yet, the
eradication of this disease remains elusive. This has been largely
attributed to the ability of Mtb to maintain a latent or dormant
infection in a host despite the evidence for a vigorous host immune
response [26,38,71]. Moreover, many research papers have shown
that prolonged use of rifampicin can cause kidney injury [4,52]. A
remarkable elevation in the serum sample of the AST level due to
anti-TB medication was reported by Ref. [51]; in patients after
receiving treatment by Ref. [6] and in mice treated with rifampicin
[65]. A remarkable rise in the serum urea and creatinine levels was
reported in patients treated with isoniazid, rifampicin, pyr-
azinamide, and ethambutol for a period of eight months [70]. In
another experiment, a reduction in serum urea levels were recor-
ded in rats treated with isoniazid and rifampicin for a period of one
month. Furthermore, an extraordinary elevation in serum urea was
reported, but with no meaningful changes in the creatinine level of
rats that received rifampicin for a period of 4 weeks. Moreover, an
elevation in AST, bilirubin and urea was reported [55], with no
remarkable changes in the creatinine level. Histopathological kid-
ney damage such as glomerular injury increased, and mesangial
matrix expansion and renal tubule regenerationwere observed [55]
in albino rats that were treated with rifampicin for a period of 4
weeks via oral gastric tubes [54]. Prolonged rifampicin therapy can
also cause hemolysis and subsequently acute kidney failure and can
lead to interstitial nephritis (which is due to its direct toxic effect)
and is seen as part of pan-nephropathy [40]. Renal lesions were
observed andwere due to the formation of immune complexes that
were detected on capillary glomerular basement membranes using
immunofluorescent and electron microscopy. Deterioration in
kidney activity appears to be acute when rifampicin is reintroduced
[18]. MSCs can be used together with rifampicin to avert kidney
damage because they have the ability to home to damaged tissue
when injected intravenously. Clinical complications like ischemic
acute renal failure (ARF), described by severe regression in the
glomerular filtration rate, is usually seen in hospitalized patients
and predominantly in multi-organ failure patients. Intravenous
administration of Bone marrow mesenchymal stem cells after ARF,
was able to histologically locates the injured kidney and consider-
ably boost the restoration of kidney function due to their ability of
trans-differentiation into kidney tubular or vascular endothelial
cells [37,47]. A single intra-renal administration of BMMSCs 7 days
after ischemia-reperfusion significantly improved renal function
and modified renal remodeling. The improvement of renal function
was associated with a reduction in extracellular matrix accumula-
tion. In a renal ischemia rat model, administration of MSC was able
to decreased tubular dilation that is known to be a typical charac-
teristic of progressive kidney failure [1]. Since physicians are not
currently required to monitor renal function during the course of
TB treatment unless the patient is at risk for hepatic or renal ab-
normalities [12]. Here, we want to investigate the therapeutic po-
tentials of transplanted bone marrow-derived mesenchymal stem
cells for the rat kidney and their subsequent generation (F1 gen-
eration) in managing the toxicity of rifampicin.

2. Methods

2.1. Isolation and culture expansion of mesenchymal stem cells
(MSCs)

The isolation of mesenchymal stem cells from 8-weeks old
wistar male rats was done according to the methods described by
Refs. [20,50].

2.1.1. Procedure
Anesthesia cocktail of 50 mg/kg ketamine and 10 mg/kg xyla-

zine were injected to the rats. At the back limbs, the femurs and
tibias were cut off, the skin and muscles were removed. The
dissected femurs and tibias were put in 70% alcohol for a few sec-
onds and later transferred to phosphate buffered saline (Cat. No.
P5368, Merck, USA). Within a biosafety hood, the dissected femurs
and tibias were then relocated to a 10 cm bowl containing PBS; the
individual bone was then held with tweezers, and the two termi-
nals of the bone were cut open using a scissor. Using a 3 ml syringe
filled with PBS and 22G needle, the marrow were flushed (2e3
times) to 50 ml collection tube by putting the needle to the open
end of the bone. The collected cells were then resuspended by
spinning at 200 g (1294 rpm) 40 �C for 5 min. The supernatant was
aspirated and the cells were then resuspended in 120 ml MSCs
medium, Dulbecco's Modified Eagle's Medium (Cat. No. D5546,
Merck, USA), comprising of 10% Fetal Bovine Serum (Cat. No.
12303C, Merck, USA) and 1% Pen-Strep (Cat no. P4333, Merck, USA).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


L. Danjuma et al. / Regenerative Therapy 9 (2018) 100e110102
A 15 ml suspension having 750,000 cells was seeded into a 75 cm2

culture flask for a total of eight flasks. The culture flasks were kept
in a 37 �C and 5% CO2 incubator for 1e2 weeks, and the medium
was changed every 3 days.

2.2. Immunophenotyping of MSCs

The characterization of bone marrow-derived mesenchymal
stem cells was done to determine the presence of mesenchymal
stem cells surface antigens (CD90, CD29, CD106, CD54, CD105 and
CD271) and the lack of or little appearance of hematopoietic
markers (CD45 and CD34) before the commencement of the
various experimentations. The antibodies against CD90, CD29,
CD106, CD54, CD105, CD271, CD45 and CD34 (Biolegend & novus-
bio) conjugated fluorescein isothiocyanate or phycoerythrin) were
used. All cells at eight passages at ±80% confluence were detached
using trypsin (0.1% trypsin/EDTA; Gibco) for 5e10 min at 37 �C; the
cells were amassed into a 15 ml collecting tube and centrifuged at
200 g (1294 rpm), at 4 �C for 5 min. After aspirating the superna-
tant, the cells were thenwashed twicewith PBS and resuspended in
5 ml media (PBS containing 2% FBS) and passed through a cell
strainer; counted to a final volume of 200,000 cells/tube, the tubes
were centrifuged at 1000 rpm for 5 min, and the media was aspi-
rated and cells resuspended in 100 ml PBS. Primary antibodies at
appropriates concentrations (10 ml) were added to the following
labeled tubes: Tube 1, cells only; Tube 2, CD90; Tube 3, CD29; Tube
4, CD106; Tube 5, CD45; Tube 6, CD54; Tube 7, CD34; Tube 8,
CD105; and Tube 9, CD271, whichwere incubated at 4 �C for 30min.
The cells were washed twice with PBS (500 ml) and centrifuged at
1000 rpm for 5 min; then, the supernatant was discarded by
inverting the tube. The cells were further resuspended in 500 ml of
PBS, and the samples were acquired for flow cytometry. The sam-
ples were analyzed using FACSAria III with FACSDiva 6.1.2 software.

2.3. Tri-lineage differentiation and staining

The differentiating capabilities of the cells into osteoblast, adi-
pocytes and chondrocytes was ascertained.

2.3.1. Osteogenesis differentiation (for 24-well tissue culture plates)
The 24-well tissue culture plates were coated as follows;

Vitronectin and collagen were diluted with 1X PBS to yield final
concentrations of 12 mg/mL for each Extracellular molecule (ECM).
A 0.5 mL of the vitronectin/collagen mixture was added to each
well of a 24-well plate and incubated overnight at room tempera-
ture. On the following day, the vitronectin/collagen combination
was aspirated from the wells and the wells were washed with 1X
PBS.

2.3.2. Cell plating
The cell suspension in mesenchymal stem cell expansion me-

dium at a concentration of 60,000 cells per well were seeded in the
vitronectin/collagen coated 24-well culture plates with 1 mL ca-
pacity for each well. After that the cells were incubated at 37� C in a
5% CO2 humidified incubator overnight. At 100% confluent of the
cells, the medium was carefully removed from each well and 1 mL
osteogenesis induction medium was added. This medium change
tallies to differentiation day 1. The mediumwas changed with fresh
osteogenesis induction medium every 2e3 days for 14e17 days.
The osteocytes were fixed and later stained with Alizarin Red So-
lution after 14e17 days of differentiation.

2.3.3. Alizarin red staining protocol
The medium was cautiously removed from each well and the

osteocytes were fixed by incubating in iced cold 70% ethanol for 1 h
at room temperature. The alcohol was cautiously removed and the
cells wash twice (5e10 min each) with water. The water was
removed and adequate Alizarin red solution added to cover the
wells (500 mLe1 mL per well in a 24 well plate), and then incubated
at room temperature for the next 30 min. After 30 min incubation,
the Alizarin Red Solution was aspirated and the wells were rinsed
four times with 1 mL water. A 1.5 mL water was added to each well
to stop the cells from dehydrating and the plate was observed and
image obtained. Osteocytes having calcium deposits appeared or-
ange red by the Alizarin Red Solution.

2.4. Adipogenesis differentiation

The cells were suspended in mesenchymal stem cell expansion
medium, at a density of 60,000 cells per well were plated in the
vitronectin/collagen coated 24-well culture plate with 1mL volume
per well. Later the cells were incubated at 37� C in a 5% CO2 hu-
midified incubator overnight. After reaching a confluence of 100%,
the mediumwas cautiously removed from all the well and replaced
with 1 mL adipogenesis induction medium. This medium change
corresponds to differentiation day 1. The fresh adipogenesis in-
duction or maintenance mediumwere replaced every 2e3 days for
21 days, according to the differentiation schedule. Lipid droplets
can be detected by microscopic examination as early as 5 days into
differentiation period. Adipocytes were later fixed and the lipid
droplets were stained with oil red O solution after 21 days of
differentiation.

2.4.1. Oil red O staining protocol
The medium was cautiously removed from all the well and the

adipocytes were fixed by incubating in 4% paraformaldehyde for
30e40 min at room temperature. The paraformaldehyde was
cautiously removed and cells were washed three times (5e10 min
each) with 1X PBS. The water was removed and adequate oil red O
solution added to cover the wells (500 mLe1 mL per well in a 24
well plate), and was incubated at room temperature for 50 min.
After 50 min, the oil red solution was aspirated and the wells were
rinsed four timeswith 1mLwater. The cell nuclei were stainedwith
0.5 ml hematoxylin solution for 5e15 min. Adipocytes containing
lipid droplets were stained red by the oil red solution while the cell
nuclei were stained black/blue from the hematoxylin.

2.5. Chondrogenesis differentiation

The cell monolayer from the basal cultures that were expanded
in the stempro MSC SFC, mesenpro medium (standard growth
medium containing DMEM þ 10% FBS) to certify the mid-log
growth confluence (80%) were observed. The depleted medium,
including some floating cells were removed from the culture flask.
A 10 mL Dulbecco's phosphate-buffered saline (DPBS) was added to
wash the cells monolayer. The DPBS was aspirated and 7 mL of pre-
warmed trypsine EDTA was added to entirely cover the culture
surface. The culture flask was incubated for 8 min at 36 �C until the
cells were fully detached. The detached cells were pipetted into a
single cell solution and confirmed on inverted microscope. The cell
suspensions were removed from the flask and centrifuge at
1000 rpm for 10 min to pellet the cells. The cell sustainability and
total cell calculation was done using trypan blue stain using hae-
mocytometer. The pellets were resuspended in a standard growth
medium containing DMEM þ 10 FBS to seeding density of
1.6 � 107 cells/mL. A 5-mL droplet of cell solution was seeded in the
center of multi-well plate to generate micromass cultures for 2 h
under humid condition. The warmed chondrogenesis media was
added to the culture dish incubated at 37 �C incubator with 5% CO2,
and the cultures were re-feed with fresh medium every 2e3 days.
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The chondrogenic pellets after 14 day days of cultivation were
stained using Toluidine blue stain.

2.5.1. Toluidine blue staining
The depleted chondrocyte differentiatingmediumwas aspirated

from the culture plates after 14 days of differentiation, the platewas
washed with DPBS and sufficient neutral buffer formalin (10%) was
added to cover the cellular monolayer. The formalin was cautiously
removed after 30 min, Toluidine blue Stain was added for 2e3 min,
the stain was then aspirated and cells were rinsed with distilled
water for three times. The cells were visualized under the micro-
scope and images were acquired and analyzed. Synthesis of pro-
teoglycans by chondrocytes is indicated by blue staining of the cells.

2.6. Animal study

2.6.1. Animal ethical statement
All animal protocols were done according to the certified pro-

cedures Institutional Animal Care and Use Committee (IACUC),
University Putra Malaysia.

2.6.2. Test and treated group
From an accredited supplier we procured for this investigation,

wistar rats male and female weighing 200e250 g. After getting
permission from the Institutional Animal Care and Use Committee/
Animal Utilization Protocol, University Putra Malaysia (R036/2015).
The rats were housed in the animal facility of the Faculty of Med-
icine and Health Sciences, University Putra Malaysia, 43400 Ser-
dang, Selangor, Malaysia, in hygienic polypropylene cages under
normal conditions of temperature (25 ± 2 �C) and 12 h light/12 h
dark cycle and were nourished with a standard diet and water ad
libitum. The rats were divided into three experimental groups;
Group 1: control rats (4 males & 4 females); Group 2: rats treated
with rifampicin only (4 males & 4 females); Group 3: rats treated
with rifampicin plus MSCs (4 males & 4 females). The prepared
therapeutic doses of rifampicin (9 mg/kg/day for 3-months) and
MSCs infusions (twice/month for 3-months) were administered
orally and intravenously respectively.

2.6.3. Rifampicin treatment
Therapeutic dosages of rifampicin (9 mg/kg/day) were given to

the rats [4], via oral gavage, daily over 90 days. The rats in all the
groups were observed thoroughly, looking for any behavior differ-
ence, feeding and drinking habits, as well as body weight and
general morphological transformations.

2.6.4. Mesenchymal stem cells treatment
Mesenchymal stem cells (MSCs) were infused into the rats based

on the created group, while under an anesthesia dosage comprising
a cocktail of 50 mg/kg ketamine and 10 mg/kg xylazine. A 100 ml
(2.5 � 105 cells) cell suspension in PBS was injected intravenously
into the tail vein of each rat (twice/month for 3-months) [56].

2.6.5. Blood withdrawal
Under an anesthesia dosage containing a cocktail of 50 mg/kg

ketamine and 10 mg/kg xylazine. Blood was withdrawn from the
parent rat and F1 generation at the end of the rifampicin and bone
marrow mesenchymal stem cells treatment through cardiac
puncture and jugular vein into plain sample tubes. The blood was
allowed to stand for 2 h, and afterward centrifuged at 2000g for
20 min to separate serum from the blood cells.

2.6.6. Organ harvesting
The animal was positioned down in a procedure station, and a

longitudinal opening was made in the abdomen; the kidney was
cut off and washed completely with a normal saline solution.
Sections of the kidney from the parent and F1 generation were
dipped in a 10% neutral buffered formalin solution for histology
assessment.

2.6.7. Biochemical analysis
Kidney function enzyme and other bio-indicators like aspartate

aminotransferase (AST), urea and creatinine famous to be essential
indicators in kidney damage profile were assessed using
completely an automated clinical chemistry analyzer (Hitachi 902,
Japan).

2.6.8. Tissue processing and immunohistochemical staining
The kidney tissues were secure in 10% neutral buffered formalin

to conserve the tissue and avert autolysis and putrefaction. The
tissue was dried in diverse dilutions of alcohol and finally put in
xylene, with each step of dehydration lasting for approximately
2e3 h. The xylene suspensions permeated the tissue and then
substituted the alcohol. The tissues were set in paraffin, which
substituted the xylene in the tissue gaps. The tissue was then put in
a para-phenol block to become chill and generate a solid block with
tissue embedded in it. The block was laid on the microtome, the cut
sections were collected up and put in water, and a glass slide was
placed underneath the tissues. The paraffin fragment on the slide
was dried for a night so that it will adhere to the slide; the paraffin
was later positioned in a dish. The sections were stain with he-
matoxylin and eosin, which give rise to blue and red color differ-
ence. The sections on the glass slide were placed into the
hematoxylin stain, into differentiating solutions, and into the eosin
stain and then dehydrated. The slides were mounted for viewing. A
plastic mounting media was placed over the stain sections, which
were covered by a cover slip. The tissue sections were observed
under the microscope [19].

2.7. Statistical analysis

Results are expressed as the mean ± SE following an analysis via
one-way ANOVA to assess significant differences between groups
and with Turkey's HSD test to examine significant difference at
P < 0.05.

3. Results

3.1. Animal grouping and physiological examination

Wistar rats of both sexes were used in this experiment, thera-
peutic doses of rifampicin (9 mg/kg/day) were administered to the
rats via oral gavage [4], as well as bone marrow mesenchymal stem
cells at a volume of 100-ml (2.5 � 105 cells) intravenously [56] daily
for 90 days. The rats in different groups were all fine without any
negative sign in behavioral changes, no alterations in feeding,
drinking habits, and also no body weight and other general
morphological changes. To determine the effects of prolong
rifampicin treatment on the subsequent generation; the rats were
bred to get the F1 generation. The rats were grouped as follows:
group 1 male; group 2 female; group 3 male F1 generations and
group 4 female F1 generations. At the end of the breeding, blood
serum was obtain from all the rats according to the grouping, for
analysis of kidney enzymes and bio-indicators like aspartate
aminotransferase (AST), as well as urea and creatinine also known
to be important markers in kidney damage were estimated using
fully an automated clinical chemistry analyzer (Hitachi 902, Japan).

Physiological changes in control and treated groups were
normal, as the rats were constantly observed closely, looking for
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any behavioral change, feeding and drinking habits, as well as body
weight and general morphological changes.

3.2. Morphological features, immunophenotyping and trilineage
differentiation MSCs

Fig. 1 presents the appearances structure; typically spindle
displayed by bone marrow derived mesenchymal stem cells that
were isolated from Wistar rats at day 7 before passage. The
immunophenotyping categorization of the cells at 8 passage
expressed the following surface markers as examined using FAC-
SAria III with FACSDiva 6.12 software, as either positive for MSCs
(CD90, CD29, CD106, CD54, CD105 and CD271) and lacked or with
little expression of hematopoietic markers (CD45 and CD34) as
negative for MSCs (Fig. 2) and the cells were further tested to
ascertained their tri-lineage potentials by their differentiation into
osteoblast, adipocytes and chondrocytes (Fig. 3).

3.3. Biochemical analysis

Fig. 4 shows the mean ± SE concentration of urea and creatinine
in the serum of rats and their progeny treated with rifampicin,
rifampicin plus bone marrow mesenchymal stem cells and the
control group. For the analysis of urea concentration in the male
rats, the biochemistry result for urea showed a significant differ-
ence between the control and rifampicin treated rats, with no
significant differences between the rifampicin treated and also
rifampicin plus stem cells treated rats group 1. However, in the
female rats there was a significant difference between control and
rifampicin treated rats, control and rifampicin plus stem cells
treated and also between rifampicin treated rats and rifampicin
plus stem cell treated rats group 2. Also in the male F1 generation
rats there was a significant difference in the urea levels between
control and rifampicin treated, with no any significant difference
between control and rifampicin plus stem cells treated rats and also
between rifampicin and rifampicin plus stem cells treated rats
group 3. There was also a significant difference in the female F1
generation rats between control and rifampicin treated rats and
also between control and rifampicin plus stem cells treated rats
group 4 (Fig. 4).

The creatinine concentration was analysed, and the biochem-
istry result male rats revealed a significant difference between
control and rifampicin treated rats, with no any significant differ-
ence between rifampicin treated and rifampicin plus stem cells and
also no significant difference between control and rifampicin plus
Fig. 1. Morphological features of bone marrow derived mesenchymal stem cells iso-
lated from Wistar rat, showing the spindle-shaped morphology of the cells at day 7
before passage.
stem cells treated rats in group 1. However, in the female rats there
was a significant difference between control and rifampicin treated
rats and also between control and rifampicin plus stem cell treated
rats, with no significant difference between rifampicin treated and
rifampicin plus stem cell treated rats in group 2. Remarkably, there
were no significant differences in male F1 generation and female F1
generation rats in group 3 and 4 (Fig. 4).

3.4. Histological and quantitative histopathological examination

From the histological observations, rifampicin treated kidney
section (Fig. 5A), showed some architectural damages like; cell
necrosis in glomeruli (G), malpighian renal corpuscle with
shrunken glomeruli (g) and widened bowman's space (W), cyto-
plasm lining of the tubular cells exhibit vacuolation (V), cellular
debris dislodged in tubular lamina (C). While rifampicin plus stem
cells treated kidney tissue (Fig. 5B), and section of kidney from the
control (Fig. 5C), showed apparently normal histological architec-
ture of renal corpuscle with well-formed glomerular tuft (G) sur-
rounded by Bowman's space (B), renal tubules; proximal tubules
(P) and distal convoluted tubules (D), showed apparently normal
histological architecture. Quantitative histopathological examina-
tion revealed a decrease in size of glomeruli, due to shrinkage in
kidney tissue of rifampicin treated rat. While in the control and
rifampicin plus stem cells treated kidney tissue, the size of the
glomeruli are apparently normal (Fig. 7).

From the histological observations, rifampicin treated kidney
section (Fig. 6 A), showed some architectural damages like; cell
necrosis in glomeruli (G), malpighian renal corpuscle with
shrunken glomeruli (g) and widened bowman's space (W), cyto-
plasm lining of the tubular cells exhibit vacuolation (V), cellular
debris dislodged in tubular lamina (C). While rifampicin plus stem
cells treated kidney tissue (Fig. 6B), and section of kidney from the
control (Fig. 6C), showed apparently normal histological architec-
ture of renal corpuscle with well-formed glomerular tuft (G) sur-
rounded by Bowman's space (B), renal tubules; proximal tubules
(P) and distal convoluted tubules (D), showed apparently normal
histological architecture. Quantitative histopathological examina-
tion revealed a decrease in size of glomeruli, due to shrinkage in
kidney tissue of rifampicin treated rat. While in the control and
rifampicin plus stem cells treated kidney tissue, the size of the
glomeruli are apparently normal (Fig. 7). The histopathological
changes that were seen in the kidney of adult rats due to rifampicin
treatment of tuberculosis were also noticed in the kidney of F1
generation rats, but with some level of regenerative improvement
in rats kidney treated with rifampicin plus stem cells. Thus, sug-
gesting the therapeutic potentials of bone marrow derived
mesenchymal stem cells.

4. Discussion

Prolong rifampicin treatment due to tuberculosis have been
reported to cause damage to kidney. The competency of BMMSCs to
move and engraft to spot of damage area, regardless of tissue type
make it a good source of therapeutic material. Therefore, admin-
istration of bone marrow derived mesenchymal stem cells with
rifampicin can help in averting organ damage caused by the drug.
Wistar rats of both sexes were used in this experiment, therapeutic
doses of rifampicin (9 mg/kg/day) were administered to the rats via
oral gavage [4], as well as bone marrow mesenchymal stem cells at
a volume of 100-ml (2.5 � 105 cells twice per month) intravenously
[56] daily for 90 days. The rats in different groups were all fine
without any negative sign in behavioral changes, no alterations in
feeding, drinking habits, and also no body weight and other general
morphological changes. To determine the effects of prolong



Fig. 2. Bone marrow-derived mesenchymal stem cells isolated from aWistar rat at passage 8 expressed the following surface markers if positive for MSC (CD90, CD29, CD106, CD54,
CD105 and CD271) and lack the expression of hematopoietic markers (CD45 and CD34) if negative for MSC, as analyzed using FACSAria III with FACSDiva 6.1.2 software.
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rifampicin treatment on the subsequent generation; the rats were
bred to get the F1 generation, and the rifampicin and stem cells
treatment was continue for another one month. The rats were
grouped as follows: group 1 male; group 2 female; group 3 male F1
generations and group 4 female F1 generations. At the end of the
breeding, blood serumwas obtain from all the rats according to the
grouping, for analysis of kidney enzymes and bio-indicators like
aspartate aminotransferase (AST) and urea and creatinine that are
known to be important markers in kidney damage, were estimated
using fully an automated clinical chemistry analyzer (Hitachi 902,
Japan). Furthermore, kidney tissues from the adults and F1 gener-
ation were processed for histology analysis. The kidney is regarded
as the chief structure for the biological purification of wastes
(particularly urea) from the blood and excretes these wastes, which
encompass some vital bio-indicators, and water in the urine.
Therefore, any alteration in these bio-indicators (urea, creatinine
and AST, which are known to be satisfactory indicators of kidney
injury) due to rifampicin treatment, compared with the reference
value, is considered damage to the kidney. A sequence of in-
vestigations of the entire metabolic panel conducted following 2
months of treatment with isoniazid, rifampicin and ethambutol
showed an AST of 26 IU/L and a creatinine of 2.45 mg/dL with an
estimated glomerular filtration rate (eGFR) of 32 (using the Modi-
fication of Diet in Renal Disease-MDRD method) [2]. However, 14
days earlier, the level of creatinine was 1.03 mg/dL with an eGFR of
92, while the reference creatinine value was 0.65 mg/dL with an
eGFR of 123. This shows that the administration of anti-
tuberculosis drugs, such as rifampicin, significantly increases the
level of biochemical indicators associated with kidney function and
the eGFR. Furthermore, prolonged rifampicin treatment can also
lead to mild anemia with a hemoglobin count of 10.3 g/dL and a
hematocrit of 31.3% [2]; this can also lead to severe serum glucose
values above the normal limits. Other damage due to rifampicin
treatment include inflammation and necrosis in the kidney cells,
acute kidney injury [14], acute interstitial nephritis [2], acute renal
failure [13,18,57]. The considerable elevation in the concentration
of urea from the serum of rats that received rifampicin treatment in
our study is similar towhat was reported earlier by Refs. [46,60,70].
Similar findings were reported by Refs. [4,52] respectively, which
showed a significant increase in the level creatinine and blood urea
nitrogen due to prolonged rifampicin treatment. Furthermore, [66];
reported a significantly high level of creatinine and blood urea ni-
trogen following rifampicin induction compared with non-
rifampicin-treated rats. Insignificant alterations in serum



Fig. 3. Control bone marrow derived mesenchymal stem cells (A), Osteoblast detection in bone marrow derived mesenchymal stem cells using Alizarin Red Staining; after 21 days
osteogenic induction. Exhibiting extracellular calcium deposits, osteogenic induced MSCs (B). Adipocyte detection in bone marrow derived mesenchymal stem cells using oil Red O
Staining; after 21 days adipogenic induction. Exhibiting oil red O staining of extensive intracellular fat deposits, adipogenic induced MSCs (C). Chondrogenic detection using
Tuludine blue staining in bone marrow derived mesenchymal stem cells; after 21 days chondrogenic induction. Exhibiting the staining of glycosaminoglycans/proteoglycans in
cartilage matrix, chondrogenic induced MSCs (D).

Fig. 4. Mean ± SE of the concentrations (mg/dL) of urea and creatinine in the serum of rats and their progeny treated with rifampicin, rifampicin and bone marrow mesenchymal
stem cells and the control group, respectively. *Significant difference from the control at P < 0.05. Group 1, male; Group 2, female; Group 3, male F1 generation; Group 4, female F1
generation.
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Fig. 5. Histological examination of kidney tissue from the parent rats. Photomicrograph section of rifampicin treated kidney showing cell necrosis in glomeruli (G), malpighian renal
corpuscle with shrunken glomeruli (g) and widened bowman's space (W), cytoplasm of the lining tubular cells exhibit vacuolation (V), cellular debris dislodged in tubular lamina
(C) (H&E stain) (A), photomicrograph section of rifampicin plus stem cell treated kidney showing apparently normal histological architecture of renal corpuscle with well-formed
glomerular tuft (G) surrounded by Bowman's space (B), Renal tubules; proximal tubules (P) and distal convoluted tubules (D), show apparently normal histological architecture
(H&E stain) (B). Photomicrograph section of kidney from the control showing normal architecture of malpighian renal corpuscle with well-formed glomerular tuft (G) surrounded
by bowman's space (B). Renal tubules; proximal tubules (P) and distal convoluted tubules, (D) show apparently normal histological architecture (H&E stain) (C).

Fig. 6. Histological examination of kidney tissue from F1 generation rats. Photomicrograph section of kidney of progeny F1 from rifampicin treated rats showing cell necrosis in
glomeruli (G), malpighian renal corpuscle with shrunken glomeruli (g) and widened bowman's space (W). Cytoplasm of the lining tubular cells exhibit vacuolation (V), cellular
debris dislodged in tubular lamina (C) (H&E stain) (A). Photomicrograph section of kidney of progeny F1 from rifampicin plus stem cell treated rats showing apparently normal
histological architecture of renal corpuscle with well-formed glomerular tuft (G) surrounded by Bowman's space (B). Renal tubules; proximal tubules and distal convoluted tubules,
show apparently normal histological architecture (H&E stain) (B). Photomicrograph section of kidney of progeny from the control showing normal architecture of renal corpuscle
with well-formed glomerular tuft (G) surrounded by Bowman's space (B). Renal tubules; proximal tubules (P) and distal convoluted tubules (D) (H&E stain) (C).
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creatinine concentration due to rifampicin treatment in rats can be
attributed to circumstances in which the concentration of serum
creatinine can only rise significantly when virtually half of the
nephrons in the kidney are completely injured or ruined [8]. The
only way to prevent this damage due to rifampicin treatment is to
stop the medication, and this can lead to drug resistance.

However, since mesenchymal stem cells can differentiate and
regenerate damage tissues, they were administered along with
rifampicin and were able to restore the elevated kidney bio-
indicators to their normal range in both the parents and the
offspring compared with the control group, as shown in Figs. 3e5
above. This may be due to the immune-modulatory properties of
MSCs in the repair process of damage organs as reported
[21,24,28,34,35,39]. Furthermore, the mechanism of action of bone
marrow mesenchymal stem cells can be attributed to their com-
petency to move and engraft to the site of damage, regardless of
tissue type, thus making BMMSCs a good source of therapeutic
material. Growth factors such as chemokines released by damaged
cells and/or a reaction to immune cells are mainly responsible for
the movement of MSCs to the spot of injury [58]. Moreover,



Fig. 7. Mean glomeruli size of rats and their progenies after 4-months treatment with
rifampicin plus rifampicin with bone marrow-derived mesenchymal stem cells.
Mean ± SE of the glomeruli size (mm) of rats and their progenies treated with rifam-
picin, rifampicin plus bone-derived mesenchymal stem cells and the control group.
Group 1 male; Group II female; Group III male F1 generation; Group IV female F1
generation.
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receptor tyrosine kinase growth factors such as platelet-derived
growth factor (PDGF) or insulin-like growth factor 1 (IGF-1) and
chemokines such as CeC chemokine receptor type 2 (CCR2), CeC
chemokine receptor type 3 (CCR3), CeC chemokine receptor type 4
(CCR4) or CeC chemokine receptor type 5 (CCL5) also regulate
MSCs mobility as determined by in vitro migration assays [69]. It
was reported that stem cells derived from bone marrow or its
progenitor can treat inflammation and organ injury-related dis-
eases [5,7,22,29,33]. Nephritis can also be attributed to the unfa-
vorable side effects of rifampicin [49]. There are also some rare
instances of acute renal failure (ARF) as a result of rifampicin
treatment [70]. Urea and creatinine elevation can be linked to
diminished kidney activity as revealed in our histological analysis
showing degeneration and necrosis in the glomeruli and renal tu-
bules as a result of the toxicity of rifampicin to the kidney. This can
lead to low efficiency of the kidney in filtering waste products such
as urea and creatinine from the blood [9]. The kidney is the ultimate
collective route for the removal of drugs along with their metab-
olites and is always prone to high levels of materials known to be
potentially toxic. Drugs along with their metabolites are usually
absorbed in a selective manner and distilled by the renal tubule
before removal from the urine. This makes the intracellular con-
centration high, especially at the renal medulla, which is known to
have a small vasculature compared with the renal cortex [3]. Our
histological analysis revealed deformation and a decreased
glomerular count. There is also hyaline droplet deposition with
tubular dilation in some tubular cells, similar to what was reported
by Ref. [68]. Diffusemesangial proliferative glomerulonephritis was
observed in biopsies of individuals consuming rifampicin accom-
panied by sub-acute infective endocarditis [11]; however, intersti-
tial nephritis and/or acute necrosis of the tubule were also reported
after rifampicin treatment [53]. The renal damage process is
assumed to be due to the allergic response to rifampicin and its
metabolites resulting in allergic interstitial nephritis. [27]; reported
that samples from renal biopsy hardly reveal intense mononuclear
cells infiltration, and sometimes, the actual image is a critical,
dispersed or central necrotic tubule that exhibits moderate inter-
stitial alterations. Tubular damage can occur when the immune
complexes are accumulated in the blood vessels or interstitium,
leading to glomerular endotheliosis and reducing the functionality
of the kidney [48]. This may likely cause kidney failure due to
prolonged rifampicin treatment of tuberculosis, as is clearly seen in
our findings. [44]; reported that rat offspring from parents that
receive antibiotic treatment reveal some symptoms of tubular
vacuolation and necrosis, and these symptoms are more pro-
nounced in the newborn rats, although some signs of tubular
restoration are also seen at 10 and 20 days after treatment. Our
result regarding the rifampicin plus stem cell-treated kidney
showed an apparently normal histological architecture of renal
corpuscle with a well-formed glomerular tuft surrounded by
Bowman's space. Renal tubules, proximal tubules and distal con-
voluted tubules showed an apparently normal histological archi-
tecture both in the parents as well as the offspring. Furthermore, a
quantitative histopathological image evaluation of kidney changes
in rifampicin-treated rats, rifampicin plus stem cells-treated rats,
and the control group was performed. Histopathological impair-
ment was evaluated based on the quantifiable dimension of the
glomeruli. There was a gradual increase in the dimension of the
glomeruli and some form of histological alterations in the
rifampicin-treated group, while the rifampicin plus stem cells-
treated group showed almost normal architecture. The rats in the
group treatedwith rifampicin presentedwith an increasing amount
of glomeruli damage, whereas the rifampicin plus stem cells-
treated group presented a normal dimension of glomeruli
compared with the control. Transplanted MSCs can differentiate
and move to the renal tubular epithelium during an early stage of
damage, in a C57BL/6 mouse model of ischemia-reperfusion (I/R)
kidney, and the specialized donor cells were able to replenish the
empty area of the dead cells and promoted the preservation of
structural intactness and the tissue restoration activity [42]. It was
noticed that intravenous administration of BMMSCs after ARF his-
tologically targeted the injured kidney and considerably boosted
the restoration of kidney function due to their ability of trans-
differentiation into kidney tubular or vascular endothelial cells
[37,47], and a single intrarenal administration of BMMSCs 7 days
after ischemia-reperfusion significantly improved renal function
and modified renal remodeling. In a renal ischemia rat model, the
administration of MSCs decreased tubular dilation, which is known
to be a typical characteristic of progressive kidney failure [1]. It was
reported that one intravenous administration of MSCs caused beta-
pancreatic islet restoration, thereby averting kidney impairment in
streptozotocin-induced type 1 diabetes in C57BL/6 mice [23] and
reduced hyperglycemia and glycosuria, which lasted for 60 days
post injection. Moreover, the diabetic mice that received MSCs
therapy revealed histologically normal glomeruli and decreased
albuminuria. There was a reduction in blood glucose levels and
mesangial thickening and macrophage infiltration diminishing due
to MSCs administration, indicating the MSCs ability to amending
kidney lesions in patients with diabetes mellitus as investigated by
Lee and his colleagues in immunodeficient mice with type 2 dia-
betes elicited through multiple low dosages of streptozotocin [41].
There was also decreased kidney injury and kidney function was
safeguarded in rats with modified 5/6 nephrectomy that receive
one intravenous injection of MSCs a day after nephrectomy [16].
Rats that received a single dosage of bone marrow-derived MSC 11
weeks after kidney transplantation showed reduced interstitial
fibrosis, tubular atrophy, T-cell andmacrophage infiltration, and the
expression of inflammatory cytokines [25]. The processes likely to
be responsible for restorative or regenerative mechanisms induced
by MSCs treatment in renal damage were analyzed by Refs. [61,62];
and they reported that rat BMMSCs where transitorily engrafted in
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an injured kidney tissue, caused by ischaemic-reperfusion (IR)
injury and were able to apply therapeutic impact on kidney func-
tionality and tubular injury by releasing of anti-apoptotic, pro-
mitogenic and vascular factors. Their result showed that, there was
a decline in interleukin 1b, tumor necrosis factor a and interferon g
in the kidney of animals that received BMMSCs transfusion com-
bined with upregulation of anti-inflammatory cytokines and
growth factors like IL10, basic fibroblast growth factor (bFGF)
transforming growth factor a and anti-apoptotic Bcl-2 [61]. Clinical
complications like ischemic acute renal failure (ARF), described by
severe regression in the glomerular filtration rate, is usually seen in
hospitalized patients and predominantly in multiorgan failure pa-
tients. Intravenous administration of BMMSCs after ARF, was able to
histologically locates the injured kidney and considerably boost the
restoration of kidney function due to their ability of trans-
differentiation into kidney tubular or vascular endothelial cells
[37,47].

Reduction in inflammatory and profibrotic cytokines levels in
animals that received MSCs infusion was linked to an increase in
anti-inflammatory cytokines IL-10, suggesting that the therapeutic
impact of the cells may be primarily connected to the paracrine
immunomodulatory potentials as well. The idea of kidney-
protection induced by MSCs through a local paracrine action was
proven by report that repetitive administration of BMMSCs condi-
tioned medium to mice with cisplatin-induced ARF reduced kidney
damage, apoptosis and prolong animal existence or survival [10].
The perception linking soluble factors to be responsible for MSCs
kidney-protective impact was proved by in vitro document
revealing that BMMSCs co-cultured, but actually split with
cisplatin-injured proximal tubular cells, provoked mitogenic and
antiapoptotic impacts on tubular cells [31]. The growth factors such
as insulin-like growth factor-1 (IGF-1) and vascular endothelial
growth factor (VEGF) that are really accountable for BMMSCs kid-
ney restorative action in animals with ARF were verified by gene-
silencing experimentations [31,63]. Transplantation of murine
BMMSCs in which IGF-1 was knocked down via siRNA restricted
cell-protection on kidney function and tubular injury in mice with
cisplatin-induced ARF [31]. Also [63]; reported that VEGF silencing
decrease the efficacy of BMMSCs of rat on kidney revival and sur-
vival in IR injury model.

The facilitators responsible for the useful benefits of MSCs have
been identify to be molecules like vascular endothelial growth
factor, insulin-like growth factor-1, interleukin-10, basic fibroblast
growth factor, and transforming growth factor-a (MSC secretome)
[32,64]. Even thoughMSCs have the capacity to localize to damaged
spot and act in a paracrine and endocrine style, the renal effects can
be determined by the mode of infusion. The main vital break-
through in these findings shows the useful outcome was not
associated with trans-differentiation of infusion cells into tubular
epithelial cells alone; however it happened via differentiation-
independent paths. Infused MSCs can be localized to the damage
kidney to produce anti-inflammatory, anti-apoptotic, mitogenic,
and pro-angiogenic impacts in the damage kidney giving rise to
fewer damage and quicker restoration function of the kidney
[30,64]. Even though our study did not involve the lineage tracing
of transplantedMSCs into the kidney cells, but previous researchers
have confirmed the trans-differentiation of MSCs into kidney cells
as reported by Refs. [37,47]; after acute renal failure [42,61,62], after
ischaemic-reperfusion (IR) kidney respectively.

5. Conclusion

It can be concluded that rifampicin-induced kidney toxicity re-
mains a severe harmful consequence for patients receiving anti-
tuberculosis treatment, but the co-administration of bone
marrow derived mesenchymal stem cells with rifampicin restored
renal biochemical indicators to their normal levels; moreover, the
histological architecture of the kidney was restored.
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