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ABSTRACT

Nephro- and hepatoprotector effect of MeOH extract from R. officinalis against the liver and
kidney damage caused by the mixture of RIF:INH:PZA, using a chronic in vivo model are
described. MeOH extract (EMRO) was prepared by maceration process and was administered
by oral via during 91 days in male Balb/C mice with RIF:INH:PZA-induced renal/liver damage,
using silymarin (SIL) as a positive control. EMRO (250 mg/kg) favoured body weight gain
respect to the antiTB group, this gain was better than that shown by the SIL. The AST and ALT
values of the group that received the EMRO extract and SIL were similar to that the control
group and low compared to the group antiTB with liver damage. In addition, the GPx, CAT and
POx values of the group treated with the EMRO were similar to that the control group. In the
liver histological analysis, no significant alteration was observed; however, a severe nephritis
was observed in anti-TB group (Il) and this effect was less in groups Il (antiTB/SIL) and IV
(antiTB/EMRO). MeOH extract enhances body weight gain and primarily protects the kidney
and liver from damage caused by the antiTB drug mixture when was administered for 91 days.
Key words: Methanolic extract, Antitubercular drug, Rosmarinus officinalis, Hepatoprotection,

Nephroprotective effect.

INTRODUCTION

Rosmarinus  officinalis (Lamiaceae family) is
common know as Rosemary; it has global
distribution and, it is widely used as a condiment,
ornamental, and as a medicinal species." Is used
to treat discomfort of the digestive apparatus
(stomachache, diarrhea, gastritis, intestinal
parasites, colitis), and favors hepatic function and
stimulates the bile production. Also, is used as
analgesic against menstrual colic, treats vaginal
infections, respiratory disorders, varicose veins,
cardiovascular  problems, healing, dizziness,
headaches, cancer, type 2 diabetes mellitus
(T2DM), and reduces obesity.">*”

R. officinalis is an important source of antioxidant,
anti-inflammatory,antinociceptive,antiulcerogenic,
neuro- and hepatoprotector, hypolipidemic,
antiviral, anticancer and antimicrobial compounds.
It mainly biosynthesizes triterpenes and phenolic
compounds such as: rosmarynic acid, betulinic
acid, micromeric acid, oleanolic acid (OA), ursolic
acid (UA), apigenine, diomine, luteolin, carnosic
acid, carnosol, chlorogenic acid, caffeic acid, a- y
B-pinene, campfor, rosmadial, rosmanol, among
others. UA and carnosol obtained from methanolic
(MeOH) extract have antimicrobial, anticancer,
antinocciceptive, and tripanocide properties.>*>#13

Regarding the hepatoprotector (HPP) effect of R.
officinalis, it has been reported that the aqueous
(H,0), MeOH, or ethanolic (EtOH) extracts from
R. officinalis showed a HPP effect against liver
damage induced with streptozotocine (STZ),
azathioprine, coal tar creosote, CCl H lead acetate
[Pb(C,H,0,),]."***** In addition, the MeOH extract

of R. officinalis (200 mg/kg) and carnosol (5 mg/kg)
protect the liver, and partially normalize biochemical
markers against the acute damage induced with
CCl, (4 g/kg, single doses) on male Sprague Dawley
rats, through its antioxidant effect and free radical
scavenger effect. The authors conclude that the HPP
effect of the extract is due to its carnosol content.'®"”

In rabbits with hepato-renal damage induced
with Pb(C,H,0,), and treated with EtOH (80%)
extract at 30 mg/kg administered during 30 days by
intragastric via (i.g.) route. This extract favored the
body weight gain (BWG). In addition, the Lpx, ALT,
AST and ALP values in the group co-administered
with the EtOH extract were reduced and the levels of
SOD and CAT were slightly higher (without reaching
the control group levels). Pb(C,H,0,), group
showed degeneration of hepatocytes, hyperplasia,
severe congestion of hepatic vessels, and in the
group treated with EtOH extract, the structure of
hepatocytes showed restoration. In conclusion, the
administration of this extract is a good HPP against
the damage caused by Pb(C,H,0,), by antioxidant
properties.’* However, the HPP effect of R. officinalis
against chronic damage caused by anti-TB drugs has
not been reported.

On the other hand, tuberculosis (TB) is a global health
problem (one of the top 10 causes of death); it causes
approximately 1.3 million deaths/year, and every year
11 million develop the disease, of whom between 10
and 12% are HIV-positive, this co-infection being the
main cause of mortality. Currently, the multidrug-
resistant TB (TB-MDR) and of extensively
drugresistant TB (TB-XDR) are increasing. Around
60% of MDR cases respond to treatment, and
approximately 10% become TB-XPR. Rifampicin
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(RIF), isonizide (INH) and pirazinamide (PZA) are basic drugs to TB
treatment and cannot be replace. These mainly cause hepatotoxicity
(HPT), as well as neuropathy, hypersensitivity, nephrotoxicity, nausea,
vomiting, and gastritis. The HPT incidence depends on the study
population, duration of treatment, age, malnutrition, alcoholism,
T2DM, arthritis, HIV/AIDS, cancer and other. Bio-transformation
of antiTB drugs is performed in the liver, making it the most affected
when metabolizing these drugs, which promote very reactive products,
which alter its integrity and function, generating inflammation, chronic
hepatitis, hepatic fibrosis, non-alcoholic cirrhosis, and even hepato-
cellular carcinoma, these being the main reasons for withdrawing
drugs from the market.”?* Nephrotoxic drugs are those that cause an
adverse effect and compromise the kidneys’ function; although antiTB
drugs have been described as nephrotoxic, this effect has been little
studied and, even worse, the nephroprotector effects of extracts or
natural-origin compounds has not been explored before the damage
caused by antiTB drugs.” In this sense, it has been reported that Ruta
graveolens has a hepatoprotector, and nephroprotector effect against the
damage caused by diethylnitrosamine (DEN) in rats.** Recently, EtOH
(80%) extract from R. graveolens leaves (50 and 100 mg/kg) showed a
nephroprotector effect in male Wistar rats with renal damage caused
by the INH:RIF (50:50 mg/kg) mixture. The extract and antiTB drugs
were administered by oral via over 45 days. In this study, the extract at
both doses reduced the urea, creatinine and uric acid levels, as well as
TNF-a and Lpx values respect to INH:RIF group. Also, the extract at
both doses reduced atrophy of the glomerular tube and the infiltration
of inflammatory cells that is generated by the mixture of INH:RIF; in
addition, it increased levels of GPx, SOD and GSH.?

To the best of our knowledge, there is no report on the nephro- and
hepatoprotector effect of the MeOH extract from R. officinalis against
damage caused by the RIF:INH:PZA mixture, using a chronic in vivo
model. This paper describes the results on these effect determined
in Balb/C mice with damage induced with RIF:INH:PZA mixture
administered by oral via during 91 days.

MATERIAL AND METHODS

Plant material and preparation of the extract

R. officinalis (aerial parts) was collected in Oaxaca, Mexico in April,
2014, was identified by MSc Abigail Aguilar from the Herbarium,
IMSS, Mexico (IMSSM), and a sample was deposited in this herbarium

MeOH extract was obtained by maceration at room temperature and
the solvent was removed by means of vacuum, this process allowed
to obtain the extract free of organic solvent (EMRO), which was
maintained in refrigeration and darkness until use.

In vivo assay

Male Balb/C mice were used (24 +2 g), from the IMSS vivarium, and
were kept under standard laboratory conditions according to the Norma
Oficial Mexicana (NOM-062-Z0O0-1999) as modified in 2016.>> The
animals received care according to the Guide for the Care and Use of
Laboratory Animals of the National Academy of Science. The protocol
was approved by the Local Scientific Research Commission, IMSS
(CLIC R-2015-3601-47). Food and water were provided ad libitum.

Nephro- and hepatoprotector effect of the R. officinalis extract
(EMRO) in an in vivo model

The assay was carried out following the methodology previously
described,®” with some modifications. Damage was induced
with the mixture of antiTB drugs (RIF:INH:PZA, 10:10:30 mg/
kg, each) solubilized in carboxymethylcellulose (CMC) at 0.5 % in
SSI and administered by i.g. route, in a volume no greater than 10
mL/kg. The EMRO extract and silymarin (SIL, positive control for
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hepatoprotection) were solubilized in the vehicle [Tween 80:CMC
(0.5:9.5)] and were administered by i.g. route daily for 91 days, 2 hours
after the administration of the antiTB mixture. 4 groups were formed (n
= 8), which received the following treatment: Group I: Vehicle, Group
II: antiTB, Group III: antiTB/SIL (2.5 mg/kg) and Group IV: antiTB/
EMRO (250 mg/kg).

During the period of the experiment (91 days), the BWG was recorded
every third day. Upon ending the experiment, blood was taken without
anticoagulant (by retro-orbital puncture) with previous fast of 12 hours.
After, the animals were sacrifice by dislocation and the liver and kidney
extracted to be weighed and for histological analysis.

Levels of ALT, AST and ALP were determined in serum and was analyze
in automated Selectra II Analyser (Modelo Vitalab 2) equipment, using
the commercial kit Brand (Randox LAB). Catalase activity (CAT) and
oxidated glutation (GPx) were determined in the supernatant of the
liver homogenate by colormetric method. Levels of oxidated proteins
(POx) and oxidated lipids (Lpx) were determined according to that
previously described.?*

Histological analysis

This trial was performed in accordance with that previously
described.??.

Statistical analysis

The program SigmaPlot ver. 12.5 was use for analysis of results and
graphics. Data are presented as standard error mean (SEM). Body
weight gain (BWG) was analyzed by ANOVA and with the Student-
Newman-Keuls (SNK) post-hoc test. Results with p <0.05 were
considered statistically significant. Biochemical and oxidative stress
parameters were analyzed with one-way ANOVA and SNK post-hoc
test.

RESULTS

Extract obtention

10.6 g of EMRO extract was obtained from 450 g of dry plant material,
with a yield of 2.35%. Previously, has been reported that CHCL,, MeOH,
EtOH or aqueous extracts from R. officinalis (leaves) contain rosmarinic
acid, betulinic acid, micromeric acid, OA, UA, apigenin, diosmin,
luteolin, carnosic acid, rosmainic acid, carnosol, chlorogenic acid,
caffeic acid, a- y p-pinene, campfor, rosmadial, rosmanol, among others.
These compounds are responsible for the several biological activities
(anti-inflammatory, antinociceptive, hepatoprotector, antioxidant
and antimicrobial, among others) described for the species.">**3° In
EMRO extract rosmarinic acid, carnosol and the UA/OA mixture we
detected using TLC and reference standard.

Nephro- and hepatoprotector effect of the EMRO extract against the
damage induced by the RIF:INH:PZA mixture during 91 days

The nephroprotector and HPP effects of the MeOH extract (EMRO,
at a dose of 250 mg/kg) and SIL (2.5 mg/kg, positive control for
hepatoprotection), administered over 91 days by ig. route was
determined in Blab/C mice. In Table 1 shows the values of BWG.
Group I (vehicle) showed a constant BWG during period of the study;
at day 91 the final BWG was 2.21 g. Group II (antiTB) showed lower
BWG compared with the control (Group I), and from day 56 to day 70
weight loss was very evident, showing poor gain, being 0.25 and 0.83 g,
respectively. From day 84 (1.41 g) to 91 (1.75 g), a slight increase was
seen in this parameter; however, at the end of treatment, the BWG was
lower than group I (1.75 g vs 2.21 g). BWG in Group III (antiTB/SIL) was
constant, but lower respect to group II (antiTB) and group I (control);
at the end of the study the BWG was 1.16 g. Group IV (antiTB/EMRO)
showed a constant BWG, it was slightly lower than group I (control), this
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weight gain was better than that observed for II and III groups. At days
70, 84 and 91, BWG was 1.58, 1.94 and 2.11 g, respectively. It should be
noted that the EMRO favored BWG with respect to the positive control
(SIL) during the period of the experiment. Upon analyzing the weight
of liver, spleen and kidney, no significant differences were observed in
the weight of these organs (Table 2).

The results regarding levels of hepatic enzymes (ALP, AST and ALT) are
show in Table 3. The level of AST increased 50% in group II (antiTB),
showing a level of 346.50 UI compared with group I (control, 231.00
UD); to the contrary, IIT and IV groups [antiTB/SIL (247.43 UI) and
antiTB/EMRO (247.14 UI)] showed levels very similar to the control
(group I, 231.00 UI) and were lower than group II (with antiTB). Levels
of ALT showed an increase of 91.58, 63.16 and 63.67% in II, IIl and IV
groups (antiTB, antiTB/SIL and antiTB/EMRO, respectively) compared
with group I (vehicle). The increase was greater in group II (antiTB)
compared with group I (280.70 vs 146.15 UI) and groups III and IV,

which received SIL and EMRO, showed levels of 238.46 and 249.23 UI,
respectively. In the case of ALP level, the groups II (antiTB), III (antiTB/
SIL) and IV (antiTB/EMRO) showed levels similar to the control group
(198.77,190.31 and 192.30 Ul vs 184.61 UI).

In Table 3, the GPx, CAT, POx and Lpx values are showed, this was
quantified in liver. Analysis of the results showed that GPx value were
slightly higher in groups I, III and IV (control, antiTB/SIL and antiTB/
EMRO) respect to group II (antiTB), the values was 788.23, 783.06 and
801.02 mM vs 742.13 mM, respectively. It is worth noting that group IV
(antiTB/EMRO) showed levels similar to the control (group I) and SIL
group (IIT); however, these differences were not statistically significant.
CAT levels for group II (antiTB) was 326.29 pM and for the control
showed 237.45 uM. Group IV (antiTB/EMRO) showed a high level
respect to control -group I- (383.90 vs 237.45 uM), this level was higher
than groups II (antiTB) and III (antiTB/SIL), with values of 326.29
and 332.72 pM, respectively. In regards to levels of POx, the following

Table 1: Body weight gain (BWG) of male Balb/C mice with kidney and liver damage caused with RIF:INH:PZA
and treated with the MeOH extract of R. officinalis (EMRO) for 91 days.

BWG (g)
Day Group | Group Il Group ll1 Group IV

0 0 0 0

14 0.21 £0.11 0 0.22 £0.10
28 1.21 £ 0.31 0.75+0.24 0.25+0.17 0.88 £ 0.20
42 1.78 £ 0.38 1.00 + 0.26 0.41 £0.18 1.27 £0.21
56 1.21 £ 0.38 0.25+0.12 0.33 £ 0.24 1.35+0.24
70 1.57 £ 0.38 0.83 £ 0.23 0.66 + 0.27 1.58 £ 0.23
84 1.64 £ 0.35 1.41 £ 0.32 0.66 + 0.18 1.94 + 0.32
91 2.21+0.48 1.75 +0.37 1.16 £ 0.33 2.11+0.35

Data presented as mean (+) with standard error of the mean (SEM).
Bifactorial Repeated Measures (MR) statistical analysis (ANOVA), post hoc Student Newman Keuls (SNK) test (p

<0.05), n=10.

Group I: vehicle (Tween 80:CMC 0.5%, 0.5:9.5); Group II: antiTB (RIF:INH:PZA, 10:10:30 mg/kg); Group III: antiTB/
SIL, 2.5 mg/kg) and Group IV: antiTB/EMRO (MeOH extract of the R. officinalis 250 mg/kg).

Table 2: Organ weights of male Balb/C mice with kidney and liver damage caused by RIF:INH:PZA and treated with the MeOH extract of

R. officinalis (EMRO) for 91 days.

organ
J Group |

1.42 +0.04 (4.81 £0.11)
0.16 % 0.04 (0.53 + 0.13)
0.45 + 0.02 (1.51 % 0.05)

liver (g) (%)
spleen (g) (%)
Kidney (g) (%)

Group Il
1.23 + 0.04 (4.38 £ 0.12)
0.14 + 0.03 (0.50 + 0.11)
0.36 + 0.03 (1.29 + 0.12)

Treatment

Group llI
1.22 +0.03 (4.31 £ 0.13)
0.12 £ 0.01 (0.44 + 0.04)
0.42 £ 0.02 (1.49 + 0.06)

Group IV
1.45 + 0.05 (5.00 £ 0.13)
0.14 + 0.01 (0.48 + 0.03)
0.46 + 0.01 (1.59 + 0.04)

Data presented as mean (+) with standard error of the mean (SEM). Holm-Sidak post hoc test, n=10.

Group I: vehicle (Tween 80: CMC 0.5%, 0.5:9.5); Group II: antiTB (RIF:INH:PZA, 10:10:30 mg/kg); Group llI: antiTB/SIL (2.5 mg/kg); Group IV: antiTB/
EMRO (MeOH extract of the R. officinalis, 250 mg/kg).

Table 3: Values of biochemical parameters of male Balb/C mice with kidney and liver damage caused with RIF:INH:PZA and
treated with the MeOH extract of R. officinalis (EMRO) during 91 days.

Parameters Group | Group Il Group Il Group IV
AST (UI) 231.00 + 11.39 346.50 + 12.75 247.43 +12.62 247.14 + 11.00
ALT (UI) 146.15 + 11.02 280.70 £ 13.03 238.46 +12.19 239.23 £ 11.65
ALP (UI) 184.61 £9.78 198.77 £ 10.05 190.31 + 11.04 192.30 + 10.67

GPx (mM) 788.23 +19.51 742.13 + 18.14 783.06 + 19.91 801.02 +17.11
CAT (uM) 237.45 +12.75 326.29 + 13.39 332.72 +12.99 383.90 + 11.10

POx (mM) 7255.53 £ 109.50 9129.58 £ 106.3 7736.04 £ 107.4 7299.15 £ 102.3
Lpx (nM) 49.87 £ 9.20 58.48 £ 7.31 47.49 £ 10.27 48.81 + 8.42

Creatinine (mg/dL) 0.53 +£0.02 0.84 +£0.01 0.49 £ 0.03 0.57 + 0.04
Urea (mg/dL) 75.27 £ 0.88 91.1+1.11 71.77 £0.28 77.28 £1.07

Data presented as mean (+) with standard error of the mean (SEM). Holm-Sidak post hoc test, n=10. Group I: vehicle (Tween 80: CMC
0.5%, 0.5:95); Group II: antiTB (RIF:INH:PZA, 10:10:30 mg/kg); Group III: antiTB/SIL (2.5 mg/kg); Group IV: antiTB/EMRO (MeOH
extract of the R. officinalis, 250 mg/kg), n= 10.
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behavior was observe antiTB > antiTB/SIL > antiTB/EMRO > vehicle.
Finally, levels of Lpx did not show significant differences, with levels
between 47.49-50.48 nM.

Respect to creatinine and urea values, these were elevated in Group II
(antiTB) respect to the control (group I) see Table 3; however, these
values were reduced in the group that received the EMRO extract
(Group IV) and in SIL group (III).

The results of histological analysis from the liver are shown in Figures
1A-1D. According to the observations, none of the groups showed
significant changes in hepatic parenchyma, nor was there evidence of
steatosis, necrosis or inflammatory infiltrate. 25% of the animals of
the group II (antiTB) showed scant lymphoid aggregate without the
presence of germinal centers (interstitial nephritis). In the case of group
III (antiTB/SIL), 80% of the animals (8/10) showed lymphoid aggregates
with higher frequency and number of lymphoid cells in the interstice,
with a tendency towards perivascular locations. In addition, 50% of
the animals of the group IV (antiTB/EMRO) showed scant lymphoid
infiltrate (isolated lymphoids). Finally, in Figure 2 (A-D) shown the
microphotographs of the kidneys. The glomerulus and tubules in the all
groups did not show important histological changes: Group II (antiTB)
showed severe inflammatory lymphoid infiltrate that displaced the
tubules and group III (antiTB/SIL) showed renal parenchyma with
interstitial lymphoid infiltrate with perivascular disposition, meanwhile
group IV (antiTB/EMRO) showed scant inflammatory interstitial
lymphoid infiltrate. It is important mention that no animal died during
the 91 days of the experiment.

Group IIT

DISCUSSION

The liver is the key organ where biotransformation of various substances
takes place, among them, antiTB drugs; therefore, the disorders
associated with this organ are numerous and varied. The antiTB drugs,
upon metabolizing, generate more toxic compounds, altering the
functional and structural integrity of this organ, while also generating
inflammation, drug-related hepatitis (acute and/or chronic), hepatic
fibrosis, steatosis and/or non-alcoholic cirrhosis, and on occasion even
hepatocellular carcinoma. Three of the basic drugs for the treatment of
TB are RIE, INH and PZA, which cause greater damage to the liver by
increasing levels of AST, ALT and ALP; favoring the development of
oxidative stress, lipoperoxidation and choline deficiency, thus altering
the synthesis of phospholipoproteins. It should be noted that of these
three drugs, PZA is the most hepatotoxic.**

At present, natural substances or extracts from medicinal plants with
nephro- and/or hepatoprotective effect are wanted. In this regard, SIL
was use as positive control because show a hepatoprotector effect in
vivo and in vitro against the hepatic damage caused by antiTB drugs, in
addition to having an antitubercular and antimycobacterial effect.’>**

The results showed that the EMRO extract (group IV) administered
during 91 days by i.g. route favored BWG over group II (antiTB), this
weight gain was better at the end of the experiment (2.11 g vs 1.75 g).
In addition, the BWG in the group that received the extract was higher
than that shown by group III (antiTB/SIL, 1.16 g), where silymarin was
used as hepatoprotector. BWG during the period of experimentation

Figure 1: Histological sections of the liver from Balb/C mice with hepatic damage
caused with RIF:INH:PZA and treated with the EMRO (MeOH extract of R. officinalis,

250 mg/kg). H&E stain, 40X.

Group |: vehicle (Tween 80:CMC 0.5%, 0.5:9.5); Group II: antiTB (RIF:INH:PZA, 10:10:30
mg/kg); Group lll: antiTB/SIL, 2.5 mg/kg) and Group IV: antiTB/EMRO (MeOH extract of

the R. officinalis, 250 mg/kg).

Pharmacognosy Journal, Vol 13, Issue 3, May-June, 2021
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Group I

Group 11

Figure 2: Histological sections of the kidney from Balb/C mice with renal damage
caused with RIF:INH:PZA and treated with the EMRO (MeOH extract of R. officinalis,

250 mg/kg). H&E stain, 40X.

Group l:vehicle (Tween 80:CMC, 0.5%, 0.5:9.5); Group II: antiTB (RIF:INH:PZA, 10:10:30
mg/kg); Group lll: antiTB/SIL, 2.5 mg/kg) and Group IV: antiTB/EMRO (MeOH extract
of the R. officinalis 250 mg/kg). H&E stain, 40X. Group |: without alteration, Group
II: kidney with presence of lymphoid inflammatory infiltrate ( ) that displaces the
tubules, Group Ill: Renal parenchyma with interstitial lymphoid infiltrate ( ) and
with perivascular arrangement, Group IV: Kidney with low interstitial lymphocytic

inflammatory infiltrate ().

(91 days) in the group that received EMRO (2.11 g) was slightly less
than control (BWG = 2.21 g). It is important to mention that to date
the effect of R. officinalis extract on BWG in mice or rats with liver
damage has not been described. Only that of EtOH extract (30 mg/
kg) administered by i.g. route over 30 days favored BWG in rabbits
with hepato-renal damage induced with Pb(C,H,0,), at 30 mg/kg."® In
addition, in the present study, the organs weight was not altered.

In this study, it was observed that the levels of liver enzymes (AST and
ALT) increased in group II (treated with anti-TB), this effect is due to the
fact that the RIF:INH:PZA mixture generates severe liver damage.”*
Instead, the animals that received antiTB/EMRO (group IV) showed
lowlevels of AST and ALT respect to antiTB group (animals with hepatic
damage, group II), but without reaching the levels of the control (group
I). In this case, it was noted that the extract showed a protector effect
against the damage caused by the antiTB (RIF:INH:PZA), effect similar
to that shown by the positive control (SIL, Group III). Furthermore,
the GPx and CAT levels were lower in antiTB group (group II) and
these values increased in the group that received the EMRO extract,
the increase was even higher than that observed for group III (antiTB/
SIL). Previously, it was reported that the MeOH extract of R. officinalis
(with a carnosol content of 6.04 mg/kg of dry extract) at dose 200 mg/
kg and carnosol (main compound present in this extract) at dose 5
mg/kg showed HPP effect against acute damage caused by CCl, (4 g/
kg) in male Sprague Dawley rats. The authors found that this extract
reduced the levels of AST and bilirubin; likewise, they observed that
at a histological level the inflammation, necrosis and vacuolation
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generated by CCI, (with a single administration) in the liver decreased.
In addition, the authors reported that carnosol (5 mg/kg) also showed
HPP effect due to its antioxidant activity (as free radical scavenger),
since it, normalized plasma levels of bilirubin, reduced the content of
Lpx and reduced by 50% levels of ALT. They concluded that the HPP
activity of this extract was due mainly to the content of antioxidant
compounds such as carnosol.'*!”

It has also been reported that the MeOH extract of R. officinalis (leaves,
200 mg/kg) showed HPP against the chronic hepatic damage (cirrhosis)
caused by CCI, (200 mg/kg) in Sprague Dawley rats. The extract
administered by i.g. route over 12 weeks in two treatment assays: in one,
CCl , was co-administer with extract, and in the other model, extract
was administer once the hepatic damage (cirrhosis) was established.
After the treatment period, they extracted the liver and determined
levels of ALT, glucogen, Lpx and gama-glutamyltranspeptidase (y-GTP)
and performed histological analysis. The CCI, increased levels of ALT,
glucogen, Lpx and y-GTP; however, the group that received the extract
reduced cirrhosis and fibrosis, as well as levels of the biochemical
parameters, in both models. The authors concluded that the HPP effect
of the MeOH extract of R. officinalis was due to its antioxidant or free
radical scavenger activity.*® Other authors have been reported that the
EtOH extract (80%) of R. officinalis (20 mg/kg) administered by i.g.
route over 30 days reduced levels of Lpx, ALT, AST and ALP in rabbits
with hepato-renal damaged induced with Pb(C,H,0,),. In addition,
levels of SOD and CAT were slightly higher in this group than the group
with Pb(C,H,0,),, without reaching the levels of the control group. At
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the histological level, they observed that the MeOH extract induced the
regeneration of hepatocytes.'® On the other hand, the H,O extract of R.
officinalis (10 mL/kg) administered by i.g. route showed a HPP effect
against the damage induced with coal tar creosote in male Wistar rats.
Creosate (50 mg/mL, solubilized in olive oil) was administer during the
first three days of treatment. The results indicated that Lpx, GSH, GOx,
SOD, CAT, AST, ALT, AST, and ALP levels in liver were very similar
between the group that received the extract and the healthy group. These
values were lower in the group that received creosote. In addition, the
extract lowered levels of Lpx and normalized the activity of GOx, SOD,
CAT and GST while increasing the content of GSH.” Likewise, the
H,O extract of R. officinalis (220 mg/10 mL) showed poor HPP effect
in male Wistar rats with hepatic damage induced with azathioprine,
which induced oxidative stress and increased the level of Lpx. The
extract slightly reduced levels of Lpx, AST and ALT, and stimulated the
activity of SOD, CAT and GPS.!* According to our results, the EMRO
extract (250 mg/kg) administered during 91 days (chronic period)
showed protection against the damage caused by the mixture of three
basic drugs used to treat TB (INH:RIF:PZA), by reducing levels of AST
and ALT compared to the group that received antiTB, without reaching
the levels shown by the control group (vehicle). It is important to point
out that the levels of these enzymes were similar to those shown by
SIL (positive hepatoprotection control). In addition, the administration
of the EMRO extract increased levels of CAT and GPx compared with
group II (antiTB). In previous studies, it has been demonstrated that the
polar extracts (H,0, MeOH or EtOH) from R. officinalis showed HPP
effect against the damage caused by various hepatotoxic agents, such as
CCl " coal tar creosote, azathioprine or Pb(C2H3OZ)2. However, to date
the HPP effect of R. officinalis against the damage caused by the mixture
of antiTB drugs (RIF:INH:PZA) have not been reported. These antiTB
drugs are used in the treatment of TB (sensitive, MDR or XDR cases)
for long periods.'*?*** The HPP effect found for the EMRO extract is
due to the presence of antioxidant and anti-inflammatory compounds
that have been described in R. officinalis, such as rosmarinic acid and
carnosol, among others.>*!>1¢183% Tt should be pointed out that during
the experimentation process none of the animals died. Histological
analysis indicates that livers of the study animals (groups I-IV) did not
present significant alterations during the treatment period (91 days).
However, in histological slices of the kidney, it was observed that group
II (antiTB) showed severe inflammatory lymphoid infiltrate, and in
groups III (antiTB/SIL) and IV (antiTB/EMRO) this damage was
moderate and scant, respectively.

In addition, the antiTB drugs (INH:RIF:PZA) administered over a
period of 91 days provoked more damage to the kidney than the liver. In
this study, the levels of urea and creatinine in group II (anti-TB group)
increased, on the contrary in groups IITand IV, which received the extract
and SIL, these values decreased. To date, the nephroprotector effect of
EMRO in rats or mice has not been reported, only the nephroprotector
effect of the R. officinalis EtOH extract, administered for 30 days by
i.g. route in rabbits with renal damage caused by lead acetate (30 mg/
kg).!* In that paper, the authors reported that this extract at 30 mg/kg
(administered during 30 days); reduced levels of urea and creatinine,
while group I (with hepatic damage induced with lead acetate, 30 mg/
kg) showed elevated levels. Histologically, they reported that the lead
acetate caused severe congestion and hemorrhage in the peritubular
capillaries, interstitial nephritis, fibrosis and lymphocytic infiltration.
These alterations were reduced in the group that received the EtOH
extract, where only scant degenerative changes of the vacuoles were
observe in some tubules. To date, there are few works that report the
nephroprotector effect of medicinal plant extracts against the damage
caused by antiTB drugs (RIF:INH:PZA). Hussein et al.,” described that
the EtOH extract (80%) of Ruta graveolens protects the kidney (study
in rats) against the damage caused by the mixture INH:RIF (50:50 mg/
kg), when it was administered over 45 days. The extract reduced the
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levels of urea, creatinine, uric acid, TNF-a, Lpx, and stimulated the
activity of GPx, SOD and GSH. Histologically, it was noted that the
kidney damage was less than that generated by the INH:RIF mixture.
These results contribute to the exploration of the potential benefit of R.
officinalis against the damage caused by antiTB drugs, which are basic
to the TB treatment and cannot be substituted by other drugs.

CONCLUSIONS

The MeOH extract of Rosmarinus officinalis (250 mg/kg) administered
by i.g. route during a period of 91 days favored body weight gain. Also,
lowered levels of hepatic enzymes (AST and ALT), oxidated proteins,
and increased levels of GPx and CAT; it also reduced the levels of urea
and creatinine respect to the group that received the antiTB drug mixture
(RIF:INH:PZA), but without reaching the levels of the control group. In
liver, histologically, no significant damage was observed; however, the
kidneys of the group that received the mixture of RIF:INH:PZA showed
severe inflammatory infiltrate, effect that was reduced in the group that
received the extract. R. officinalis is a potential nephroprotective agent
against kidney damage caused by antiTB.
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