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Abstract
This study was aimed to observe the multiple organ toxicities induced by different anti-tubercular drug
resistant groups like isoniazid resistance, rifampicin resistance, multidrug resistance including drug
susceptible anti-tubercular drugs and their time of recovery from the toxicities induced by these drugs.
Wistar Albino mice were treated with drug susceptible anti-tubercular drug (Isoniazid, Rifampicin,
Ethambutol & Pyrazinamide), Isoniazid resistance anti-tubercular drugs (Kanamycin, Levo�oxacin,
Rifampicin, Pyrazinamide & Ethambutol), Rifampicin resistance anti-tubercular drugs (Kanamycin,
Levo�oxacin, Ethionamide, Cycloserine, Isoniazid, Pyrazinamide & Ethambutol), Multidrug resistance anti-
tubercular drug (Kanamycin, Levo�oxacin, Ethionamide, Cycloserine, Pyrazinamide & Ethambutol).
Animals were sacri�ced after giving two weeks recovery gap from the last drug treatment. To understand
the late effects, mice were sacri�ced after giving two months recovery gap from the last drug treatment.
Histopathology of internal organs was done by H & E and PAS. Bone marrow cells were stained with
Acridine Orange dye to detect micronucleus and apoptotic cells. Expression of γ-H2AX in bone marrow
cells were done by immunohistochemistry. In liver moderate to severe type of toxicities were observed in
all groups in the form of nuclear alteration, sinusoidal dilation, vacuolization, necrosis, WBC in�ltration. In
kidney we had observed mesangial cell proliferation, vacuolization, WBC in�ltration, dilation of Bowman’s
space. The severity of toxicity was more at short term recovery group than long term recovery groups.
Drug susceptible anti-tubercular drugs (INH, RIF, and EMB & PZA) had shown more toxic in compared to
other anti-tubercular drugs.

Introduction
Tuberculosis is an infection that affects around one-third of the world’s population and leads to millions
of deaths around the globe [1]. It also accounts for the highest mortality and morbidity worldwide. As per
the 2019 statistics, a total of 1.4 million people died from this disease (WHO). However, due to the
effective management and treatment involving DOTS (Directly Observed Treatment, Short Course)
strategy, the global TB incidence is falling at a rate of 2% per year. World Health Organization (WHO)
recommends that TB patients should have six months of TB drug treatment. This should consist of a two
month “intensive” treatment phase followed by a four month “continuation” phase. First line anti-
tubercular drugs (ATDs) used in DOTS strategy for human are Isoniazid (INH), Rifampin (RIF), Ethambutol
(EMB), Pyrazinamide (PZA). Several studies in the past have demonstrated that ATD are cytotoxic in
nature and can affect the normal tissue function [1–6]. For instances, hepatotoxicity is very common
consequences as a result of ATDs treatment. There are several studies in the literatures suggesting that
ATDs have the potential to cause liver injury leading to hepatitis [2, 5, 7–8]. Other than hepatotoxicity,
ATDs also results in nephrotoxicity [9], neurotoxicity [10], phototoxicity [11], ocular toxicity [12–13]
reproductive toxicity [14–15].

DOTS are an interventional strategy recommended by World Health Organization which uses different
combination of drugs to treat TB. It is the most e�cient and cost-effective method due to which the
mortality rate has decreased. Various types of drugs used in DOTS strategy are majorly classi�ed based
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on their action against Mycobacterium Tuberculosis. Earlier studies have shown that the cytotoxicity of
the �rst line ATDs can be more severe when they are used in combination [9].

The present investigation is an effort to understand the extent of organ toxicity induced by the ATDs used
in Swiss albino mice as an experimental model.

Materials And Methods
Animals

60 adult female Swiss Albino mice (age: 6-8 weeks, body weight: 25-30 g) bred in Central Animal House,
Manipal, Manipal Academy of Higher Education (MAHE) were housed in separate polypropylene cages.
Animals were kept at temperatures (22-24° C), 12-hour light/12-hour dark cycle and 40%-60% relative air
humidity under standard conditions. The experimental protocol was approved by the Institutional Animal
Ethics Committee (IAEC /KMC/01/2019), and experiments were conducted in accordance with the ethical
standards approved by the Ministry of Social Justice and Empowerment (Government of India) and the
guidelines of Committee for the Purpose of Control and Supervision on Experiments on Animals
(CPCSEA).

Experimental deign

Six to eight weeks old Swiss Albino female mice (n=60) were used as experimental model in this study.
The animals were divided into short- and long-term groups. In short term animal groups, after �nishing
drug treatment two weeks recovery gaps were given and in long term animal groups, two months recovery
gaps were given after the completion of treatment. During the recovery gap period the animals were kept
under observations for any others major anomalies and were provided with regularly normal standard
food pellet diet with water.

Study deigns for short term animal groups

In this experiment, 30 adult Swiss albino female mice (age: 6-8 weeks, body weight: 25-30 g) were divided
into �ve groups (n=6/group) and treated as follows.

Normal control: All animals were treated with 0.9 % NaCl, 1 mL/kg.b.w.

Drug susceptible (DS) treatment group: In intensive phase animals were treated with INH (39 mg/kg), RIF
(78 mg/kg), EMB (156 mg/kg) and PZA (195 mg/kg) once daily for one week and followed by
continuation phase with INH (39 mg/kg), RIF (78 mg/kg) and EMB (156 mg/kg) once daily for three
weeks.

INH resistance (INHR) treatment group: In intensive phase animals were treated with Kanamycin (Km)
(97.5 mg/kg), Levo�oxacin (Lfx) (130 mg/kg), RIF (78 mg/kg), PZA (195 mg/kg), EMB (156 mg/kg) once
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daily for one week and followed by continuation phase Lfx (130 mg/kg), RIF (78 mg/kg), PZA (195
mg/kg) and EMB (156 mg/kg) once daily for three weeks.

RIF resistance (RIFR) treatment group: In intensive phase animals were treated with Km (97.5 mg/kg), Lfx
 (130 mg/kg), Ethionamide (Eto) (97.5 mg/kg), Cycloserine (Cs) (97.5 mg/kg) , INH (39 mg/kg) , PZA (195
mg/kg), EMB (156 mg/kg)  once daily for one week and followed by continuation   phase  Lfx (130
mg/kg), Eto (97.5 mg/kg), Cs (97.5 mg/kg) , EMB (156 mg/kg) and INH (39 mg/kg) once daily for three
weeks.

Multidrug resistance (MDR) treatment group: In intensive phase animals were treated   with Km (97.5
mg/kg), Lfx (130 mg/kg), Eto (97.5 mg/kg), Cs (97.5 mg/kg), PZA (195 mg/kg), EMB (156 mg/kg) once
daily up to one week and followed by continuation phase Lfx (130 mg/kg), Eto (97.5 mg/kg), Cs (97.5
mg/kg), EMB (156 mg/kg) once daily for three weeks.

Animals were sacri�ced after giving two weeks recovery gap from the last drug treatment. To understand
the late effects, mice were sacri�ced after giving two months recovery gap from the last drug treatment.

Sample collection

At the end of experiment for both short and long term, animals were sacri�ced and dissected to observe
internal organs like liver, kidney and spleen were collected for histopathology study. Bone marrow cells
were collected from the animals to assess the DNA damage.

Histopathological evaluation of liver, kidney and spleen tissue

Liver, kidney and spleen tissue were washed in normal saline 0.9% NaCl and were �xed in 10 % formalin.
Then the tissues were dehydrated by putting in different graded of alcohol and then the tissues were
impregnated with molten para�n wax and sections were taken at 5 µm for staining with Hematoxylin
and Eosin (H&E) and Periodic acid-Schiff stain (PAS).  Extent of damage to the organ was assessed
using modi�ed histological assessment index (HAI) given by [9]. The level of lesion depends on its
pathological importance. Every alteration is assessed using a score value ranging from (0 to 6)
depending upon the degree and extent of the alteration. Three views per section were observed from six
animals of a group. For calculating organ alteration index, formula given by [9]  was used. This index
represents degree of damage to an organ. It is sum of multiplied importance factors and score values of
all changes found within the examined organ. A high index indicates high degree of damage.

Histopathology of liver tissue

After preparation of block on molten para�n wax, 5 µm sections was taken at microtone and was stained
with H & E to observe the pathological changes for both short and long-term groups. Prime focus was
given on necrosis, nuclear alteration, WBC in�ltration, vacuolization and sinusoidal dilation. All the
observations were done in blinded manner. Scoring of Kupffer cells were also done under compound
microscope.
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Morphometric measurement of liver tissue

By using image pro software, measurements were taken on central vein diameter and sinusoidal
diameter. All the data was presented in graph.

Histopathology of kidney tissue

After preparation of block on molten para�n wax, 5 µm sections was taken and staining was done with H
& E to observe the pathological changes for both short and long-term groups. The main importance was
given on mesangial cells proliferation, vacuolization, WBC in�ltration and dilation of Bowman’s space. All
the observation was done in blinded manner.

Morphometric measurement of kidney tissue

By using image pro software, measurements were taken for glomerular diameter, Bowman’s space
diameter and Bowman’s capsule diameter. All the data were presented in graph.

Histopathology of spleen tissue

After preparation of block on molten para�n wax, 5 µm sections was taken at microtone and was stained
with H&E to observe the pathological changes for both short and long-term groups of spleen tissue.

Collection of bone marrow cells

Both the femur bone was collected from all short-term animals. By using 1 mL syringe, PBS (Phosphate
Buffered Saline) was injected from one end of femur bone and from other end bone marrow cells were
collected in 2 mL eppendorf tube. The tube was centrifuged three times at 2000 rpm for 10 minutes to get
clean sediment.  Each time supernatant was discarded and the sediments were mixed with PBS and
�nally bone marrow slides were made by spreading the sediments on glass slide.

Expression of γ-H2AX in bone marrow cells to assess the DNA damage

The bone marrow cells were washed and �xed in 4 % paraformaldehyde overnight. The supernatant was
discarded after centrifuging the cells at 1000 rpm for 10 min. The pellet was washed in PBS three times
to remove the traces of �xative. The cells were incubated with permeabilization buffer containing 0.25 %
Triton X-100 in PBS for 15 min at room temperature. After centrifugation, the cell pellet was incubated
with blocking solution containing 1 % bovine serum albumin in PBS with 0.1 % Tween-20 for 30 min at 37
ºC. The cells were incubated with 1:50 anti-phospho histone H2AX antibody (primary antibody) in
blocking solution at 4 ºC. The cells were washed again with PBS and incubated with 1:200 goat anti-
rabbit IgG H&L Alexa Fluor 488 (secondary antibody) for 2 h at room temperature. The cells were washed
three times with PBS, transferred to clean grease free microscopic slides and were mounted using
Fluoroshield™ with DAPI. A clean coverslip was placed on the cells and observed under �uorescence
microscope (Zeiss Imager A1-AX10) at 400x magni�cation for the signals. Total 500 cells were counted
from each group to assess the DNA damage.



Page 6/24

Micronucleus assay

After preparation of bone marrow slides, the slides were stained with Acridine Orange dye. The scoring
was done according to the criteria given by [16]. The nucleus was considered as a micronucleatic cells
that were present inside the cytoplasm and counted as micronucleus if the size 1/3rd of the main
nucleus. Scoring was done for 2000 lymphocytes.

Apoptotic cells assay

After preparation of bone marrow slides the section was stained with Acridine Orange dye to observe
apoptotic cell. Identi�cation of apoptotic cell was done according to the following criteria; cell shrinkage,
chromatin condensation, DNA fragmentation, membrane blabbing and formation of apoptotic bodies. All
the scoring was done in blinded manner and the data was presented in graph.

Statistical analysis

Using the Statistical Package for the Social Sciences (SPSS version 16.0; SPSS), data was expressed as
mean ± standard deviation and analyzed by one way analysis of variance (ANOVA) followed by post hoc
Tukey test. A level for p ≤ 0.05 was considered to be statistically signi�cant (p ≤ 0.05).

Results
In the present study, cytotoxicity induced by ATDs in liver, kidney, spleen & bone marrow of adult Swiss
albino mice were evaluated. Further, short term and long-term tissues were compared for cytotoxicity and
severe histological alteration was found on short term animals group where only two weeks recovery gap
was given and in long term treated animals the degree of cytotoxicity gradually decreased where two
month recovery gaps were given.

Effects of ATDs on liver of short-term group animals 

In short term recovery gap, DS group had shown severe necrosis and severe sinusoidal dilation with
moderate nuclear alteration, WBC in�ltration and vacuolization. The INHR group showed moderate
nuclear alteration, WBC in�ltration, vacuolization and sinusoidal dilatation. The RIFR group exhibited
moderate sinusoidal dilation with mild type nuclear alteration, WBC in�ltration and vacuolization
whereas; MDR group had shown moderate sinusoidal dilation with mild nuclear alteration. All the
comparisons were done with normal control group (Fig. 1a). PAS staining showed mild intensity in
staining indicating decrease glycogen granules with basement membrane appearing normal (Fig. 1c).

Effects of ATDs on liver of long-term recovery groups 

In long term recovery gap, DS group showed mild necrosis, sinusoidal dilation, nuclear alteration, WBC
in�ltration and vacuolization in comparison with normal control group. The INHR, RIFR and MDR group
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had mild necrosis, nuclear alteration, WBC in�ltration, vacuolization and sinusoidal dilatation in
comparison with normal control group (Fig. 1b). 

Morphometric measurement of liver tissue:

Effect of ATDs on diameter of central hepatic veins:

There was signi�cant increase in diameter of central hepatic vein in DS (p<0.001), INHR (p<0.001), RIFR
(p<0.001) and in MDR (p<0.001) group in comparison with normal control group. The diameter of hepatic
central vein signi�cantly decreased in INHR (p=0.02), RIFR (p=0.03) and in MDR (p=0.04) in comparison
with DS treatment group (Fig. 4b).

Effect of ATDs on sinusoidal dilation:

Signi�cant increase in sinusoidal dilation was observed in DS (p<0.001), INHR (p=0.04), RIFR (p=0.03)
and MDR (p<0.001) group in compared with normal control group. It signi�cantly decreased in INHR
(p<0.001) and in RIFR (p<0.001) in compared with DS treatment group. It signi�cantly increased in MDR
(p=0.003) in compared with INHR group and in MRD (p=0.003) in comparison with RIFR group (Fig. 4c).

Effect of ATDs on Kupffer cell number:

The number of Kupffer cells signi�cantly increased in DS (p=0.003), INHR (p=0.04), and RIFR (p=0.002)
group in compared with normal control group. The number was signi�cantly decreased in MDR (p=0.04)
in compared with DS treatment group and in MDR (p=0.004) in compared with RIFR group (Fig. 4d).

Effect of ATDs on kidney tissue in short term recovery gap

The DS group showed severe WBC in�ltration and dilation of Bowman’s space with moderate type
mesangial cell proliferation and vacuolization. INHR group showed severe WBC in�ltration with moderate
type mesangial cell proliferation, vacuolization and dilatation of Bowman’s space. RIFR group showed
severe WBC in�ltration with moderate type mesangial cell proliferation, vacuolization and dilatation of
Bowman’s space. MDR group had severe WBC in�ltration with moderate type mesangial cell proliferation,
vacuolization and dilatation of Bowman’s space (Fig. 5a). All the comparisons were done with normal
control group.

Effect of ATDs on kidney tissue in long term recovery gap:

The DS group showed mild WBC in�ltration and dilation of Bowman’s space with moderate type
mesangial cell proliferation and vacuolization. INHR group showed mild WBC in�ltration, mesangial cell
proliferation, vacuolization and dilatation of Bowman’s space. The RIFR group showed mild WBC
in�ltration, mesangial cell proliferation, vacuolization and dilatation of Bowman’s space. Mild WBC
in�ltration, mesangial cell proliferation, vacuolization and dilatation of Bowman’s space were observed in
MDR group (Fig. 5b).
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Effect of ATDs on glomerular diameter:

Glomerular diameter signi�cantly decreased in DS (p<0.001), INHR (p=0.008), RIFR (p<0.001) and in MDR
(p=0.009) in comparison with normal control group.  It signi�cantly increased in MDR (p=0.004) group in
compared with RIFR and INHR (p=0.04) and MDR (p=0.003) in compared with DS treatment group (Fig. 8
b).

Effect of ATDs on Bowman’s capsule diameter:

There was signi�cance increase of Bowman’s capsule diameter in DS (p<0.001), INHR (p=0.006) and in
RIFR group (p<0.001) in comparison with normal control group. Bowman’s capsule diameter signi�cantly
decreased in INHR (p=0.007), RIFR (p=0.03) and in MDR (p<0.001) in compared with DS treatment group
(Fig. 8 c).

Effect of ATDs on Bowman’s space diameter:

Bowman’s space diameter signi�cantly increased in DS (p<0.001), INHR (p<0.001), RIFR (p<0.001) and
MDR (p=0.03) in compared with normal control group and it signi�cantly decreased in MDR (p=0.02) in
compared with DS treatment group (Fig. 8 d).

Effect of ATDs on spleen:

White pulp-hyper cellularity was seen in all drug treated groups due to depletion in the B lymphocytes and
hyalinization of vessels due to adverse effect of ATDs. Red pulp - extra medullary hematopoiesis and
small hemorrhagic areas was seen in treatment group (Fig. 9).

Effect of ATDs on white pulp diameter of spleen

There was signi�cant increase in white pulp diameter of spleen in DS (p<0.001) and INHR (p=0.004)
group in compared with normal control group. White pulp diameter signi�cantly decreased in INHR
(p=0.008), RIFR (p=0.009) and in MDR (p=0.005) in compared with DS treatment group (Fig. 10b).

Central arteriole diameter signi�cantly increased in DS (p<0.001), INHR (p=0.003) and in RIFR (p=0.003)
group in compared with normal control group. It signi�cantly decreased in INHR (p<0.001), RIFR
(p<0.001) and in MDR (p<0.001) in compared with DS group (Fig. 10 c)

Effect of ATDs on the DNA damage in bone marrow by γH2AX

After treating the animals with ATDs, the bone marrow from control group had 5.36 ±1.35 % of γH2AX
positive cells which was observed to be increased in all the treatment groups with highest positive cells in
INHR treatment group (10.86 ± 3.69 %). The other groups DS, RIFR and MDR had 8.50 ± 1.33 %, 7.04 ±
0.82 % and 7.12 ± 1.51 % of positive cells in bone marrow cells. Even though there was an increase in the
percentage of positive cells it was not statistically signi�cant (Fig. 10d).
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Effect of ATDs on the DNA integrity of bone marrow cells:

To detect bone marrow cytotoxicity induced by ATDs we had done apoptotic and micronucleus assay. 

There was signi�cant increase of apoptotic cell numbers in DS group (p<0.001), INHR (p<0.001) and in
RIFR (p<0.001) group in compared with normal control group. Apoptotic cells count signi�cantly
decreased in INHR (p<0.001), MDR (p<0.001) in compared with DS group and in MDR (p<0.001)
compared with RIFR group (Fig. 11).

Micronucleatic cell counts signi�cantly increased in DS (p<0.001), INHR (p=0.003), RIFR (p<0.001) and in
MDR (p=0.005) in compared with normal control group. It signi�cantly decreased in INHR (p<0.001), MDR
(p<0.001) in compared with DS treatment group (Fig. 12).

Discussion
Oxidative stress induced by anti-tubercular drugs treatment leads to the production of free radicals
mainly reactive oxygen species (ROS) that causes mitochondrial dysfunction and activation of apoptotic
pathway by releasing cytochrome C from mitochondria [17–19]. Oxidative stress, mitochondrial
dysfunction and activation of apoptotic pathway by ATDs are the key mechanisms in histopathological
alteration in hepatocytes induced by anti-tubercular drugs [17–19].

Free radicals are formed from the reactive metabolites of anti-tubercular drugs cause lipid peroxidation
that will lead to degradation endoplasmic reticulum & membrane lipids which are high source of poly
unsaturated fatty acids (PUFA). This will lead to the formation of malonaldehyde (MDA) which have the
ability to cause loss of cell membrane integrity and can damage hepatocytes [9]. In rats toxicant group
(anti-tubercular drugs treated group) due to increased lipid peroxidation, results in anti-oxidant defence
system to clear all free radicals induced by anti-tubercular drugs [20]. Though liver has remarkable ability
for the elimination of toxins, in other side this elimination of toxins will cause damage to liver cells as
well [21]. Due to high vulnerability of cell membrane of hepatocytes to anti-tubercular drugs, it will lead to
per oxidative damage to the cell membrane. The PZA, in along with INH and RIF, is also associated with
an increased incidence of toxicity [22].

Anti-tubercular drug causes liver toxicity and patchy necrosis in all animals treated with anti-tubercular
drugs [23]. The present study also reported liver toxicity with patchy necrosis in drug treated groups. In DS
groups the degeneration was more due to combined used of �rst line anti-tubercular drugs.

First-line anti-tuberculosis drugs causes hepatotoxicity on Wistar rats along with severe necrosis,
vacuolization and WBC in�ltration [9]. In corroborating with all these previous �nding this present study
also had shown severe necrosis, vacuolization and WBC in�ltration. Vacuolization and necrosis might be
due to free radicals, excessive production of oxidative stress marker mainly MDA and TNF-α that can
degenerate cell wall and causes blabbing of cell walls. WBC in�ltration might be due to activation of
in�ammatory pathway activated by anti-tubercular drugs.
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Though, very few studies had reported the measurement of glomerular diameter, sinusoidal dilatation and
number of Kupffer cells in anti-tubercular treated Wistar albino mice. In this study we found signi�cant
change in glomerular diameter, sinusoidal dilation and number of Kupffer cells per �eld in all drug treated
group as compared to normal control.

Nephrotoxicity is an adverse side effect of many drugs mainly non-steroidal anti-in�ammatory drugs,
antihypertensive including anti-tubercular drugs. Many studies reported that anti-tubercular drugs cause
relative glomerular shrinkage and dilation of Bowman’s space [9]. In this present study also shrinkage of
glomerular diameter, dilation of Bowman’s space was seen. Similar to our results Shabana et al. reported
frequent shrinkage of glomerular capillaries associated with Bowman’s space dilatation and cellular
proliferation in a mesangial area [24]. Previous study reported in�ammatory changes in the glomeruli of
albino rats after 60 days of rifampicin treatment [25]. All these previous study reports corroborated with
the �ndings of the present study.

Earlier study found severe in�ltration in the glomerulus in kidneys of rifampicin-isoniazid treated Wistar
rats [26]. In our present study also necrosis, glomerular congestion, WBC in�ltration were observed in all
drug treated group that indicate nephrotoxicity and degree of nephrotoxicity was more in DS group. In this
present study H&E and PAS-stained kidney slides showed several alterations and the most prominent
�ndings were glomerular changes. Renal corpuscles appeared enlarged with mild mesangial hypertrophy.
However, glomerular capillary tufts revealed shrinkage resulting in noticeably dilated Bowman’s space.
Interstitial edema was mild, visible mostly around larger blood vessels and accompanied with peritubular
capillary dilatation were also seen.

Oral administration of �rst line of anti-tubercular drugs on experimental animal causes many alterations
in spleen like lack of demarcation of red and white pulp, WBC in�ltration in many places. It also causes
many chromosomal alterations like chromatid breaks, centromere fusion, elongated chromosomes, wooly
chromosomes was observed by [9]. In the present study spleen showed hyper-cellularity in white pulp with
increased diameter of central arteriole indicating hyalinization of vessels due to toxic effect of ATT. Red
pulp indicated haemopoesis suggesting splenomegaly induced by anti-tubercular drug treatment.

Masjed et al. observed chromosomal aberrations and micronuclei in lymphocytes of patients before and
after exposure to ATDs. They found signi�cantly high micronucleatic cells in exposed group in
comparison to un-exposed group [27]. This present study also presented signi�cantly high number of
micronucleatic cells in drug treated group as compared to control.

To con�rm cytotoxic effect of ATDs on bone marrow, apoptotic cells assay was done. Cytotoxic drugs
under long term treatment results in production of micronucleus as well as apoptotic cells body in bone
marrow due to excessive production of cytochrome from mitochondrial dysfunction. In this present study
maximum number of apoptotic and micronucleatic cells were observed in DS group that indicate DS
group more cytotoxic than other drug group. Many studies had shown that when �rst line anti-tubercular
drugs mainly RIF, INH and PYZ are used in combined they show more cytotoxic effect [9]. In this study DS
group RIF, INH and PYZ were used and had shown comparatively higher cytotoxicity than other group.
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Conclusion
Drug susceptible groups are potentially hepatotoxic to Swiss albino female mice showing severe
necrosis, vacuolization as compared to other groups. Drug susceptible groups are more cytotoxic to bone
marrow cells produces more micronucleatic and apoptotic cells. From this study we conclude that drug
susceptible anti-tubercular drugs (INH, RIF, EMB & PZA) are more toxic when these are used in combined
for long duration.
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Figures

Figure 1

a) Histopathological evaluation of liver tissue from short term recovery gap groups stained with H&E
(under 400X) (a- Nuclear alteration, b- Sinusoidal dilation, c- Vacuolization, d- Degenerated hepatocytes, e-
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WBC in�ltration). b) Histopathological examination of liver from long term recovery gap groups stained
with H&E (under 400X) c) Histopathological examination of liver from short term animal groups stained
with PAS (under 400X).

Figure 2

Scoring for short term (animals were sacri�ced after two weeks from last treatment) hepatic tissues
stained with hematoxylin and eosin was performed as 0 = absent; 1 = low; 2 = mild; 3 = moderate; and 4 =
high or severe. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc
test was done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01), (a

compared to normal control, c compared to INHR, d compared to RIFR, e compared to MDR).
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Figure 3

Scoring for long term (animals were sacri�ced after two months from last treatment) hepatic tissues
stained with hematoxylin and eosin was performed as 0 = absent; 1 = low; 2 = mild; 3 = moderate; and 4 =
high or severe. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc
test was done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001) (a compared to
normal control).
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Figure 4

a) Hepatocytes showing Kupffer cells and sinusoidal dilution short term animal groups b) Morphometric
measurement of central vein diameter short term animal groups c) Morphometric measurement of
sinusoidal dilation, d) Quantitative analysis of Kupffer cells of short term animal groups. Data were
represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc test was done and p value
less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01, *p≤0.05), (a compared to
control, b compared to DS,        c compared to INHR, d compared to RIFR).
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Figure 5

a) Histopathological examination of kidney tissue from short term animal groups stained with H&E
(under 400X) (a- Mesangial cell proliferation, b- Vacuolization, c- WBC in�ltration, d- Dilation of Bowman’s
space). b) Histopathological examination of kidney tissue from long term animal groups stained with
H&E (under 400X) c) Histopathological examination of kidney tissue from short term animal groups
stained with PAS (under 400X)



Page 18/24

Figure 6

Scoring for short term (animals were sacri�ced after two weeks from last treatment) kidney tissues
stained with hematoxylin and eosin was performed as 0 = absent; 1 = low; 2 = mild; 3 = moderate; and 4 =
high or severe. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc
test was done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01,
*p<0.05), (a compared to normal control, c compared to INHR, d compared to RIFR, e compared to MDR).
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Figure 7

Scoring for long term (animals were sacri�ced after two months from last treatment) kidney tissues
stained with hematoxylin and eosin was performed as 0 = absent; 1 = low; 2 = mild; 3 = moderate; and 4 =
high or severe. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc
test was done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001), (a compared to
normal control)
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Figure 8

Glomerular space and Glomerular diameter b) Morphometric measurement of glomerular diameter of
short-term animal groups c Quantitative analysis of Bowman’s capsule diameter of short-term animal
groups    d) Quantitative analysis of Bowman’s space diameter of short-term animal groups. Data were
represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc test was done and p value
less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01, *p≤0.05), (a compared to
control, b compared to DS, c compared to INHR, d compared to RIFR).
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Figure 9

Histopathological examination of spleen tissue from short term animal groups stained with H&E (under
100X) b) Histopathological examination of spleen tissue from long term animal groups stained with H&E
(under 400X) c) Histopathological examination of spleen tissue from short term animal groups stained
with PAS (under 100X).
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Figure 10

White pulp and central arteriole diameter b) Morphometric measurement of white pulp diameter of short-
term animals group c) Quantitative analysis of central arteriole diameter of short-term animal groups d)
Effect of ATDs used in DOTS schedule on DNA integrity of bone marrow cells in after the completion of
treatment. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc test
was done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01), (a

compared to control, b compared to DS). 
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Figure 11

Apoptotic cells under �uorescence microscope stained with Acridine Orange (AO) of short-term animals
group. Data were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc test was
done and p value less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01), (a compared
to control, b compared to DS, c compared to INHR, d compared to RIFR).
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Figure 12

Micronucleatic cells under �uorescence microscope stained with AO of short-term animals group. Data
were represented as mean ± SD, and one-way ANOVA followed by Tukey’s post hoc test was done and p
value less than 0.05 were taken statistically signi�cant (***p≤0.001, **p≤0.01), (a compared to control, b

compared to DS).


