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Noscapine hydrochloride (benzyl-isoquinoline antitussive alkaloid) is an opium derivative and generally
used as a cough suppressant. Numerous studies on noscapine hydrochloride have reported that it has
potent anti-inflammatory activity. However, the mechanisms by which it exerts an anti-inflammatory
function is not well understood. Protein denaturation is the primary step that leads to the organ destruc-
tion and permanent arthritic disability. The above-mentioned facts provided the ground to plan this
study using different in-vitro and in-vivo approaches. RT-qPCR and ELISA assays were used to assess
the inflammatory markers related to protein denaturation in complete adjuvant persuaded rheumatism
in Sprague - Dawley rats. The results were collected as paw volume and body weight changes, arthritic
scoring and serum antioxidant enzymes assays. These findings demonstrated that all doses of noscapine
hydrochloride (10, 20 and 40 mg/kg) studied in this study, significantly (p < 0.001) decreased the protein
denaturation by preventing the increase in levels of interleukin-18 (IL-18), tumor necrosis factor-ot (TNF-
o), interleukin-6 (IL-6), nuclear factor-kB (NF-kB), cyclooxygenase-2 (COX-2) and prostaglandin E2.
Noscapine hydrochloride significantly reduced the paw volume (p < 0.001), arthritic scoring and reversed
the body mass as compared to arthritic control diseased rats.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction as a cough suppressant. In 1998, potent antitumor effect of noscap-
ine was discovered against lymphoid tumors through binding to
the active sites of tubulins and inhibiting the microtubule assem-
bly (Sung et al., 2010). Alkaloids are the secondary metabolites of
plant, and possess a variety of pharmacological activities like

antidepressant, antitumor, anticholinergic, antiviral, diuretics,

Noscapine is a benzyl-isoquinoline alkaloid isolated from P.
somniferum. From the ancient times, this alkaloid has been used
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analgesics, anti-hypertensive and anti-inflammatory (Souto et al.,
2011). Many alkaloids containing compounds possess anti-
rheumatic activity like berberine, another bis-benzylisoquinoline
alkaloid. It has been widely used as an anti-bacterial,
anti-inflammatory and antiarthritic medication for several years.
Berberine has a substantial immunomodulatory effect against
investigational autoimmune myocarditis (Wang et al., 2017). Other
isoquinoline alkaloids like columbamine, palmatine and ber-
bamine showed inhibitory effect in hind paw edema induced by

1319-0164/© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsps.2022.10.008&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jsps.2022.10.008
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:muhammad.irfan@uos.edu.pk
mailto:dr.farooq@uhb.edu.sa
mailto:dr.farooq@uhb.edu.sa
https://doi.org/10.1016/j.jsps.2022.10.008
http://www.sciencedirect.com/science/journal/13190164
http://www.sciencedirect.com

S. Akhter, H.M. Irfan, Alamgeer et al.

serotonin. Quinolizidine alkaloids like oxymatrine and matrine
exhibited antioxidant effect, and also inhibit the cyclooxygenase
pathway (Souto et al., 2011).

Rheumatoid arthritis (RA) is a multifactorial chronic infec-
tious disorder that affects 0.5-1.0 % of peoples in the world. It
starts with inflammation of synovial hyperplasia, synovial prolif-
eration and development of cartilage, ultimately causes pain,
swelling and functional disability of joints (Scott, 2010). If RA
is left untreated, 20-30 % of patients can become permanently
disabled (Rindfleisch and Muller, 2005). Pro-inflammatory
cytokines such as TNF-o, IL-1B induce the release of other
cytokines, whereas, IL-6 activates the production of acute phase
protein reaction (Bellingan, 1999). These cells are involved in the
expression of COX-2 and production of PGE2. Certain endoge-
nous substances downregulate the inflammatory reactions by
inducing protective mechanisms against inflammation. Specific
cytokines such as IL-4 down-regulates the LPS induced expres-
sion of COX-2 and inhibits the macrophage response. Similarly
IL-10 inhibits the adverse outcomes of stimulated inflammatory
cells by preventing the release of IL-6, TNF-a, IL-8 and IL-1B
(de Cassia et al., 2015).

Furthermore, lymphocytes and macrophages in the synovial
fluid of arthritic joint induces the production of reactive oxygen
and nitrogen species (ROS and NS) by reperfusion of swollen
joints (Cedergren et al., 2007). Oxidative proliferation of proteins
and phospholipids increases their permeability in the synovial
membrane which initiates the discharge of pro-oxidant and
pro-inflammatory mediators into the blood resulting in the
interruption of redox signaling pathways. These outcomes
induces the oxidative stress, and induces tissue damage
(Sarsour et al., 2009).

Currently synthetic drugs are the first line drugs used to
manage the RA. Whereas the conventional management of RA
includes the use of DMARDs, NSAIDs, analgesics, corticosteroids
and biological modifiers like IL-1 receptor blockers. Due to high
cost of currently available therapies and their untoward effects,
there is a great need to discover new effective medications
against RA which cost less and have minimum side effects. Ayur-
veda provides the detail for anti-inflammatory natural com-
pounds against arthritic disorder. Therefore it is of great
importance to find out the anti-arthritic agents from natural
sources with immense antioxidant potential (Bag et al., 2013).
The present study is the first study of its kind that studies the
antiarthritic effect of noscapine hydrochloride (NH) by using
in-vitro and in-vivo methods.

2. Materials and methods
2.1. Experimental animals

Male Sprague Dawley healthy rats weighing between 150 and
300 g were used in this study. All animals were kept under
controlled photoperiod (12:12 h) dark: light cycles, relative
humidity (50-60°) and environmental temperatures (24-26 °C).
They received standard pellet diet and water. All experimental
procedures related to handling of rats were approved by the
Animal Ethical and Review Committee at college of Pharmacy,
University of Sargodha (Approval NO. UOS/Pharm/Animal Ethics
—2015/2019).

2.2. Drug

Noscapine hydrochloride (Rhawn, China), Catalog number
(912-60--7 > 98 %), molecular weight (449.9 g/mole) and molecu-
lar formula (C;,H24CINO;) was used for this study.
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2.3. In-vitro anti-rheumatic activity

2.3.1. Reduction in protein denaturation by egg albumin

Initially, 5 mL of total assay mixture contained 0.20 mL of egg
albumin, 2.80 mL of phosphate buffer and 2.0 mL of different con-
centrations of noscapine hydrochloride (6400-50ug/mL) was used
in assay. The resulting mixtures with different NH concentrations
were incubated for 15 min at 35-39 °C. Then mixture was heated
for 5 min at 70 °C. Cooled the mixtures at room temperature and
absorbance was observed at 660 nm by using UV Spectrophotome-
ter (Hasan et al., 2015). The percentage reduction in protein denat-
uration was calculated by using the formula.

Percent reduction = (Abs. of Tc - Abs of Ts/Abs of Tc) x 100

Abs. absorbance, Tc is test control and Ts is test solution.

2.3.2. Reduction of protein denaturation by BSA

Here, 0.5 mL of test solution contained 0.45 mL of bovine serum
albumin (5 %) and 0.05 mL of different NH concentrations (6400-
50 pg/mL). 0.5 mL of product control solution contained different
concentrations of NH (6400-50 pg/mL) and 0.45 mL of distill
water. pH of the aforementioned solutions was calibrated to 6.30
with 1 N HCL. Then treatment solutions were kept at 37 °C for
twenty minutes and then heated for thirty minutes at 57 °C. After-
wards, these were cooled and then added with 2.50 mL of phos-
phate buffer saline (pH 6.30) in each test tube. Then absorbance
was measured at 660 nm (Hasan et al., 2015). Percent reduction
in protein denaturation was calculated by using the formula given
below.

Percent reduction = [100 — (Abs of Ts — Abs of Pc/Abs of Tc) x 100]

Abs = absorbance, Ts = test solution, Pc = product control and
Tc = test control.

2.3.3. HRBC membrane stabilization method

Blood samples were taken from healthy human volunteers and
assorted with Alsever’s solution. Centrifugation was done for
15 min at 3000 rpm in a centrifuged machine. Pack cells were iso-
lated and washed with 10 % v/v isosaline solution. 10 % suspension
of red blood cells was made with isosaline solution (10 % v/v). Test
solution contained 1.0 mL of phosphate buffer, 2.0 mL of hypotonic
solution, 0.50 mL of RBCs suspension and 0.50 mL of different
concentrations of NH (6400, 3200, 1600, 800, 400, 200, 100 and
50 pg/mL), and naproxen used as a standard drug respectively.
Then these solutions were incubated for thirty minutes at 37 °C.
Centrifugation was done for the solutions for 5 min at 3000 rpm.
Poured out the supernatant liquid and absorbance was measured
by using UV/visible spectrophotometer at 560 nm. Percent
protection was measured by using the following formula (Hasan
et al,, 2015).

Percent protection = 100 — (Abs of Ts/Abs of Tc) x 100

2.4. In-vivo anti-rheumatic activity

2.4.1. Formaldehyde persuaded arthritis in Sprague Dawley rats

The rats were divided into different groups including five rats in
each group. Group I was designated as arthritic disease control
group and received only purify water through oral gauge
(10 mL/kg) per day. Group II, III, IV, V served as treatment groups
and received naproxen 20 mg/kg, noscapine hydrochloride 10, 20
and 40 mg/kg. Drug was administered by oral route for the period
of 10 days. At day 1 and 3, arthritis was induced by subcutaneous
injection of formaldehyde in the left hind foot of each rat. Paw
volume was measured by using digital plathysmometer and
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compared the treatment group with diseased untreated control
group by using the formula given below (Akhter et al., 2021).

Percent inhibition = (Vc — Vt/Vc) x 100

2.4.2. Complete adjuvant persuaded rheumatoid arthritis in Sprague
Dawley rats

The animals were randomly separated into six groups (n = 5).
Group I served as a normal untreated control group and received
only 3 mL/kg of distill water (Complete adjuvant not injected).
Group Il served as rheumatoid arthritis control group and received
only 10 mL/kg distilled water orally. Group IIl was treated with
naproxen sodium 20 mg/kg. Group IV, V and VI served as treatment
groups and received noscapine hydrochloride 10, 20 and 40 mg/kg
respectively. Drugs were administered by oral route through gas-
tric intubation daily for the period of 28 days respectively. At day
0, immunological rheumatoid arthritis was induced by injecting
0.1 mL of Freund’s complete adjuvant into the left footpad of each
animal 30 min after administration of treatments except group I.
On day 28, the rats were anesthetized with pentobarbitone
(6 mg/100 g), and blood and serum samples were collected along
with ankle joints of treated and untreated rats. Arthritis was eval-
uated by assessing various parameters.

2.4.3. Evaluation of arthritis through physical parameters

Body weight of each rat was measured weekly throughout the
treatment period. Paw volume was determined on day O, 7, 14,
21 and 28th of treatment by using digital plathysmometer. The
percent suppression of paw volume was calculated on similar
day (Akhter et al., 2022).

2.4.4. Evaluation of arthritis from arthritic development (scoring)
The severity and induction of arthritis was evaluated by visual
arthritic scoring method at day 0, 7, 14, 21 and 28 days of treat-
ment. Arthritic score for a single paw ranged from 0 to 4, where
0 score designates paw of normal rat, while score 1-4 describes
edema and erythema of 1 paw/number to involvement of all digits
and whole paw. Score 5 or above presents swelling in complete leg,
and inability to twist it correspondingly (Shabbir et al. 2016).

2.4.5. Evaluation of arthritis from hematological & biochemical
parameters

Blood parameters including ESR, RBCs, platelets count, WBCs
and hemoglobin contents were evaluated by using automatic
hemocytometer (sysmex-XT-18000i). Commercially available kits
were used for the determination of kidney function test including
creatinine and RF at pathological laboratory in Diagnostic Center of
University of Sargodha, Sargodha Pakistan (Akhter et al., 2022).

2.4.6. Evaluation of pro-inflammatory expression levels (IL-1p, TNF-a
AND IL-6), inflammatory (NF-kB, COX-2 and PGE2) and anti-
inflammatory mediators (IL-4 and IL-10) by using RT-qPCR

Total RNA extraction was done from blood samples by following
the TRIzol method. Quantification of RNA and its yield was deter-
mined by using nanodrop spectrophotometer. From total, RNA
500 ng/reaction of the RNA was used to make cDNA by using com-
mercially available kit and following the manufacturer protocol
(Gene Direx). The cDNA template was amplified with 45 cycles of
denaturation for 10 sec at 95 °C, annealing phase was for 20 s at
60 °C and extension phase for 30 s at 72 °C. The Bio-Red system
was used to perform the RT-qPCR. Gene specific primers along with
amplified base pair are given in Table 4, where GAPDH was used as
reference gene (Akhter et al., 2022).
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2.4.7. Evaluation of serum prostaglandin E

On day 28 after complete adjuvant immunization, blood sam-
ples were collected by cardiac puncture and allowed to clot for
01:00 h. Serum was obtained by centrifugation for 5 min at
3000 rpm and stored at —20 °C. The level of prostaglandin E,
was determined in serum using ELISA kit for rat prostaglandin E,
having (Cat No. E0504Ra, Bioassay technology laboratory technol-
ogy). ELISA plate was read at 450 nm using micro plate spectropho-
tometer (Akhter et al., 2022).

2.4.8. Evaluation of antioxidant enzymes (CAT, POD, SOD)

The catalase test was used to evaluate its capacity to decrease
the H,0, at wavelength 240 nm. Test solution contained 3.0 mL
of potassium phosphate buffer (50 mM) at pH 7, 0.1 mL of enzyme
extract and 0.1 mL of 30 Mm of hydrogen peroxide. After three
minutes, optical density was measured at 240 nm (Akhter et al.,
2022) and activity of Catalase was calculated by given formula.

Catalase activity = (A3/0.04 x 0.01) x 3

Whereas; A3 = Absorbance at 240 nm, 0.04 = Extinction coefficient
for H202 (M~'CM ).

Peroxidase (POD) activity was evaluated to check its ability to
reduce hydrogen peroxide at 470 nm (Akhteret al.2022). Assay
mixture was comprised of buffer substrate solution (3 mL) and
0.06 mL of enzyme. The above solution was added into the mixture
of 0.32 mL of Hydrogen peroxide, 0.7 mL of guaiacol and 47 mL of
0.2 M phosphate buffer. After 3 min of reaction, absorbance was
observed through spectrophotometer against blank at 470 nm.

POD bustle was calculated by using given formula.

B A

7 26.6 x3.0 x0.06

Whereas; A = Absorbance at 470 nm, 26.6 = Guaiacol extinction
coefficient (Mm™'cm™" 0.06 = size of enzyme extract (mL), 3.0 = size
of phosphate buffer (mL).

The superoxide dismutase (SOD) assay was done by following
protocol as established by Worthington 1988 with slight modifica-
tions. Assay mixture contained 0.05 mL of enzyme extract, 1 mL of
potassium phosphate buffer solution at pH 7.8 and 0.016 mL of
riboflavin solution (0.012 mM). The mixture was incubated for
12 min in a light box. After this, we added 0.067 mL of NaCN/EDTA
solution and 0.033 mL of nitro-blue tetrazolium solution. After
30 s, absorbance was measured by spectrophotometer against
blank at wavelength of 560 nm (Akhter et al., 2022). The SOD activ-
ity was measured by using the formula given below.

Percentage inhibition = A (Blank)A(Sample)/A (Blank) x 100

POD bustle (U/ML)

2.5. Statistical analysis

Values were displayed as a mean + SEM. One-way and two-way
analysis of variance (ANOVA) was used for the statistical analysis,
and GraphPad Prism was used for the Bonferroni posttest. Confi-
dence level was rated as ***< p < 0.001, ** p < 0.01, ** p < 0.05
and ™ non-significant.

3. Results

3.1. Effect of noscapine hydrochloride on reduction of protein
denaturation (egg albumin, BSA in-vitro assay)

Table 1 shows that noscapine hydrochloride exhibited strong
reduction of protein denaturation induced by egg albumin in a con-
centration dependent manner and ranged from 29.3 to 83.18 %. The
effect of noscapine hydrochloride against protein denaturation was
not increased when concentration was doubled from 800 pg/mL to
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Table 1

In-vitro analysis of noscapine hydrochloride effects on percentage reduction of protein denaturation by egg albumin, BSA, and by HRBC membrane stabilization method.
Treated groups 50 100 pg/mL 200 pg/mL 400 pg/mL 800 pg/mL 1600 pg/mL 3200 pg/mL 6400 pg/mL

pg/mL

Percentage reduction of protein denaturation by egg albumin
Naproxen 26.63 £ 0.60 35.71 £0.1 42.40 £ 0.9 49.61 + 0.37 63.12 £ 0.63 68.83 + 0.62 73.59 £ 0.15 80.29 £ 0.29
Noscapine HCI 29.3 + 0.35° 39.54 + 0.36°¢ 50.98 + 0.51°¢ 57.49 + 0.89° 73.01 £ 0.15° 76.01 £ 0.90° 80.37 + 0.33¢ 83.18 £ 0.15°
Percentage reduction of protein denaturation by BSA
Naproxen 20.88 £ 0.05 2451 £0.13 32.68 +0.23 3992+0 45.78 + 1.58 55.54 £ 0.63 68.23 £ 0.29 83.49 £ 0.22
Noscapine HCI 20.31 £ 0.90 ns 28.89 + 0.05¢ 36.13 + 0.39° 42.80 + 0.32° 49.15 £ 0.39° 64.21 + 1.30°¢ 73.87 + 0.28¢ 89.57 + 0.38¢
Percentage reduction of protein denaturation by HRBC membrane stabilization method
Naproxen 13.57 £ 0.16 18.11 £0.33 23.87 + 0.05 32.31+049 4547 +0.24 49.67 £0.28 53.30 + 0.05 69.30 + 0.31
Noscapine HCl 14.40 £ 0.28 ns 20.05 + 0.03° 27.94 + 0.03¢ 37.19 + 0.28°¢ 48.15 + 0.34¢ 54.25 + 0.30° 63.64 + 0.21¢ 75.29 + 0.97¢

Values are summarized as (mean + S.E.M, n = 3) using the Dunnet postt-test followed by one-way ANOVA.

against the arthritis control group.

1600 pg/mL, and maximum effect was achieved against thermal
induced denaturation at 6400 pg/mL as compared to naproxen
(80.29 %) at same concentrations.

Similarly effect of noscapine against heat induced denaturation
of protein by BSA was almost same as discussed in egg albumin
protein denaturation. But they showed continuous increased in
inhibition in the concentration dependent manner. The effect
against thermally induced denaturation of protein was ranged
from 20.31 to 89.57 %. At initial concentrations, effect of noscapine
hydrochloride was similar with respect to naproxen, but as the
concentration was increased the effect of noscapine hydrochloride
(4-5 % almost) was increased as compared to naproxen at same
concentrations.

3.1.1. Effect of noscapine hydrochloride on HRBC membrane
stabilization method

Noscapine hydrochloride significantly protected the membrane
from hemolysis in HRBC stabilization method in a dose-dependent
manner. The percent protection against lysis was ranged from
14.40 to 75.29 %. The stabilization of membrane by noscapine
hydrochloride was 6 times greater than the protection provided
by naproxen, as illustrated in Table 1.

3.2. In-vivo anti-rheumatic activity

3.2.1. Effect of noscapine hydrochloride on formaldehyde induced
arthritis

After induction of arthritis by formaldehyde on day 1 and 3, it
expressed paw swelling of each rat. Paw edema was increased on
day 6 (2.00 = 0.07) in arthritic untreated rats in contrast to rats
treated with noscapine hydrochloride 0.73 = 0.01, 0.67 + 0.01
and 0.69 £ 0.00 at doses of 10, 20, and 40 mg/kg respectively. Max-
imum inhibitory effect (71.81 %) was achieved on day 10 against
paw volume by noscapine hydrochloride at 20 mg/kg dose. Ini-
tially, lowest and highest doses of noscapine hydrochloride
showed dose dependent inhibitory effect against paw volume from
day 2 to day 6 but effect did not increase prominently from day-8
to day-10. On day-10, NH was six times more effective than
naproxen sodium against rheumatism as shown in Fig. 1.

3.2.2. Effect of noscapine hydrochloride on parameters of arthritis
(paw volume, body weight)

Paw edema was observed after induction of arthritis with CAL
Oral administration of noscapine hydrochloride showed significant
dose dependent reduction in paw volume throughout the treat-
ment. A slight difference was observed on day 2nd that noscapine
hydrochloride (20 mg/kg) was 2 times more effective than 40 mg/
kg for the same day of treatment. Maximum reduction in paw vol-
ume (68.42 %) was observed with NH at 80 mg/kg on day 28. As
treatment continued, the drug showed similar results at 40 mg/
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ns

presents non-significant, while ¢ p < 0.001, °p < 0.01, and p < 0.05

kg dose on day 21st and 28th with slight changes, proved to be
more effective at dose 20 mg/kg than higher doses. At last day of
treatment on similar doses, noscapine hydrochloride (63.15 %)
was 12.44 % stronger than naproxen sodium against inhibition of
paw volume (50.71 %) as in Table 2.

Body mass of each rat was recorded on day 0, 7th, 14th, 21st
and 28th of treatment. The rise in body mass was perceived in
groups treated with NH at 10, 20 and 40 mg/kg as compared to
arthritic rheumatoid controlled rats, as shown in Fig. 2.

3.2.3. Effect of noscapine hydrochloride on arthritic-development
(scoring)

Primary and secondary lesions were observed in treated and
non-treated rats after induction with CAI, which were more promi-
nent in arthritic controlled rats (Fig. 3). Inflammatory edema was
observed in rats from 4 to 7 days, whereas arthritic lesions in
non-treated rats (arthritic control) were seen from 10 to 28 days.
Treated rats showed significant (p < 0.001) reduction in arthritic
scoring either by decreasing the paw swelling or inflammatory
signs (3.8 £ 0.37,3.4 £ 0.51 and 3.8 + 0.58) at three different doses
respectively on last day of treatment as compared to arthritic con-
trol group (11.8 + 1.3).

3.2.4. Noscapine hydrochloride normalized the biochemical and
hematological parameters

Hematological and biochemical profiles of Sprague Dawley rats
treated with noscapine hydrochloride and naproxen sodium are
given in Table 3. A decrease in the level of hemoglobin and red
blood cells, whereas rise in the levels of platelets, ESR and WBCs
were observed in diseased control groups. No such fluctuations
were seen in normal groups of rats. Treatment with NH signifi-
cantly reversed the hematological variations closed to normal con-
trol rats induced by inoculation of complete adjuvants injection
into the left footpad. Moreover, the tested drug significantly
(p < 0.001) reduced the level of AST and ALP which were signifi-
cantly raised in arthritic control rats whereas it decreased, though
not significant, the level of ALT as compared to arthritic control
animals. Furthermore, noscapine hydrochloride normalized the
elevated levels of urea and creatinine as compared to arthritic rats.
These outcomes suggested that at test doses noscapine hydrochlo-
ride did not show nephrotoxicity and hepatotoxicity. In addition,
high RF values were detected in diseased control rats as compared
to noscapine treatment groups. Oral administration of test drug
significantly decreased the serum RF values in rats treated at 10,
20 and 40 mg/kg.

3.2.5. Noscapine hydrochloride down-regulated the effect of IL-15,
TNF-o, IL-6, COX -2 and NF-kB

A significant up-regulation in the level of IL-1B was perceived in
arthritic group (3.96 + 0.05) as compared to normal animals. Treat-
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Induction by formaldehyde

2.5 (] Arthritic control (3mL/kg)
. [J Naproxen sodium(20mg/kg)
2.0+
[ Noscapine (10mg/kg)
E 154 B Noscapine (20mg/kg)
: .
§ % Bl Noscapine (40mg/kg)
E l-oa —E * *% *k%k —I—
2, o o EE* — .
*k%
0.5+
0.0 l[

ond 4th 6th gth 10t
Days

Fig. 1. Effect of noscapine hydrochloride at 10, 20 and 40 mg/kg doses on formaldehyde persuaded arthritis. Results are recorded as (n = 5, mean + SEM) followed by Two-way
ANOVA (™" p < 0.001, *p < 0.05) statistically significant versus arthritic control.

Table 2

Effect of Noscapine hydrochloride at 10, 20, and 40 mg/kg doses daily for 28 days on paw volume in arthritis persuaded by CFA.
Treatment groups 2nd day 7th day 14th day 21st day 28th day
Upsurge in paw volume
Arthritic control 133 £0.24 2.01 £ 0.11 2.5+0.21 2.84 +0.21 2.09 £+ 0.08
Normal control 0.43 + 0.04 0.42 +0.02 0.37 £ 0.03 0.38 £ 0.03 0.33 £ 0.02

(67.66 %) © (79.10 %) © (85.20 %) © (86.60 %) © (84.21 %) ©

Naproxen sodium 1.03 + 0.05 1.15 £ 0.04 1.11 £ 0.054 1.12 + 0.08 1.03 + 0.01
(20 mg/Kg) (22.55 %)™ (42.78 %) © (55.60 %) © (60.56 %) © (50.71 %) ©
Noscapine hydrochloride 1.16 £ 0.21 1.44 £ 0.16 1.37 £ 0.06 1.21 £ 0.04 1.02 £ 0.02
(10 mg/kg) (12.78 %)™ (2836 %) © (45.20 %) © (5739 %) © (51.19 %) ©
Noscapine hydrochloride 1.19+0.16 1.26 £ 0.02 1.31 £ 0.01 1.16 £ 0.01 0.77 £ 0.08
(20 mg/kg) (10.52 %)™ (3731 %) ¢ (54.80 %) ¢ (59.15 % © (63.15 %) ©
Noscapine hydrochloride 0.85 +0.13 1.25+0.2 1.13 £ 0.06 1.06 + 0.04 0.63 £0.11
(40 mg/kg) (36.09 %) * (37.81 %) © (54.88 %) © (62.68 % © (68.42 %) ©

Values are summarized as (mean * S.E.M, n = 3) using the Bonferroni post-test followed by two-way ANOVA. ™ presents non-significant, while “p < 0.001 and “p < 0.05 versus
the arthritis control group.

250
B Arthritic Control [3 mL/kg]
—@— Normal Control [3mL/kg]
B 00 —&— Naproxen [20mg/kg]
En —¥— Noscapine [10mg/kg]
§ ~4- Noscapine [20mg/kg]
T 150- -©- Noscapine [40mg/kg]
S
+a]
100 : : | | |

0Oday  7"day 14"day 21%day 28" day

Fig. 2. Effect of noscapine hydrochloride different doses on body mass of rats in CA persuaded arthritis. Two-way ANOVA was done by following Bonferroni post-test while
p < 0.001, *p < 0.05 and ns presents non-significant (n = 5), statistically significant versus arthritic control.
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Fig. 3. Effect of noscapine hydrochloride 10, 20 and 40 mg/kg on arthritic scoring of rats in CFA induced arthritis. Two way ANOVA was done by following Bonferroni posttest,
whereas " p < 0.001, “p < 0.01, *p < 0.05 and ns presents non-significant (n = 5), statistically significant versus arthritic control.

Table 3

Effect of 28-day oral administration of different doses of Noscapine hydrochloride and naproxen on biochemistry parameters versus arthritic control.

Blood Chemistry Arthritic Normal Naproxen sodium Noscapine HCI Noscapine HCI Noscapine HCI
Control control (20 mg/kg) 10 mg/Kg 20 mg/Kg 40 mg/Kg
Platelet count 1943.32+ 1197.00 £ 1367.81 £ 1438.62 + 1211.07 £ 1640.67 +
(10%/puL) 27.82 40.95¢ 72.73¢ 25.71° 19.54¢ 14.90°
WBCs 17.75 9.46 1248 * 12.58 £ 1122 14.10 =
(10%/pL) 0.07 0.26¢ 0.40° 0.54¢ 0.32¢ 0.38¢
ESR 13.88 + 7.44 10.67 10.65 9.19 + 12.06 =
(mm/h) 0.23 0.19¢ 0.59°¢ 0.05¢ 0.37¢ 0.90 ns
RBCs 3.66 7.07 = 544 6.20 = 6.98 = 517
((108/uL) 0.05 0.22¢ 0.07¢ 0.04¢ 0.11¢ 0.38¢
Hb content 10.20 = 16.74 + 12.94 + 11.62 15.97 + 12,51
(g/dL) 0.15 0.03¢ 0.55°¢ 032°? 0.05°¢ 0.26°
ALP 342.28+ 21259 + 23212 £ 275.64 £ 22472 + 23130 %
(u/L) 1.63 1.71¢ 1.82¢ 0.28°¢ 0.02¢ 2.60°
AST 79.62 £ 45.88 = 62.92 64.65 * 46.03 = 5738 £
(U/L) 0.32 2.01¢ 1.55° 2.85° 3.78¢ 2.58¢
ALT 7343 £ 40.25 + 56.98 + 53.97 41.58 + 70.34 £
(U/L) 0.83 0.25¢ 5.0 1.04¢ 0.24° 0.82 "
Urea 5133 % 19.44 = 3333 4747 2231+ 33.03 £
(mg/dL) 0.12 0.37¢ 0.71¢ 1.02 " 0.29° 2.49¢
Creatinine 1.14 + 0.55 0.82 0.76 = 0.60 * 0.85
(mg/dL) 0.09 0.01¢ 0.00 2 0.02° 0.00¢ 0122
RF 2821 % 8.04 = 1344 + 18.61 £ 10.84 15.82
(IU/L) 0.33 0.08°¢ 1.29¢ 0.43¢ 0.51¢ 0.49¢
CRP 2344 + 4.06 + 12.28 1032 6.11 = 9.77
(mg/dL) 0.17 0.06° 0.36° 0.27¢ 0.01¢ 0.17¢

Values are summarized as (mean + SEM, n = 5) by using ONE- Way ANOVA followed by Dunnet test. ™ presents non- significant, € p < 0.001, ® p < 0.01 and ®p < 0.05 against the
arthritis control group. WBCs = white - blood cells, ESR = erythrocyte - sedimentation rate, RBCs = red - blood cells, Hb = hemoglobin, ALP = alkaline - phosphatase,
AST = aspartate - aminotransferase, ALT = alkaline - phosphatase, RF = rheumatoid factor and CRP = C- reactive proteins.

ment with noscapine hydrochloride with 3 different dosses
showed a remarkable decrease in the level of IL-1B (2.2 + 0.05,
1.74 £ 0.04 and 2.62 * 0.058). The medium dose of noscapine
hydrochloride (20 mg/kg) was highly effective against IL-1B (1.74
+ 0.04) as compared to naproxen sodium (2.44 + 0.121) on same
dose level. We also found considerable increase in TNF-o in
arthritic control animals (6.12 + 0.03), while in animal treated with
NH exhibited significant reduction in mRNA expression of TNF-o.

Similarly, noscapine hydrochloride and naproxen sodium con-
siderably (p < 0.001) attenuated the level of IL-6 in rats as com-
pared to untreated diseased rats. Similarly, significant increase in
level of COX-2 was found in complete adjuvant injected diseased
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animals (8.4 £ 0.51), that was noticeably reduced by oral adminis-
tration of noscapine hydrochloride (3.2 + 0.07, 2.72 + 0.17 and
3.1 £ 0.03). Likewise, substantial augmentation in the level of NF-
kB was detected in arthritic control rats (6.04 + 0.05). Treatment
with noscapine hydrochloride and naproxen sodium significantly
reduced the NF-kB expression level (3.06 + 0.05, 2.74 + 0.17,
2.56 + 0.25 and 3.08 * 0.03) respectively as presented in Fig. 4.

3.2.6. Noscapine hydrochloride up-regulated the expression level of IL-
4 and IL-10

A significant increase (p < 0.001) in the level of IL-4 was
observed in rats treated with noscapine hydrochloride and
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Table 4
Sequences of primers for cytokine’s analysis.
IL-4 Forward primers 5-CACCTTGCTGTCACCCTGTT-3 195
Reverse primers 5-CCTGCAGATGAGCTCGTTCT-3
IL-10 Forward primers 5-GCCCAGAAATCAAGGAGCAT-3 210
Reverse primers 5-CGTAGGCTTCTATGCAGTTG-3
IL-1B Forward primers 5-GCTGTCCAGATGAGAGCATC-3 293
Reverse primers 5-GTCAGACAGCACGAGGCATT-3
IL-6 Forward primers 5-AGACTTCCAGCCAGTTGCCT-3 233
Reverse primers 5-CTGACAGTGCATCATCGCTG-3
TNF-o Forward primers 5-AGGACACCATGAGCACGGAA-3 234
Reverse primers 5-GGGCCATGGAACTGATGAGA-3
NF-kp Forward primers 5-GCAACTCTGTCCTGCACCTA-3 203
Reverse primers 5-CTGCTCCTGAGCGTTGACTT-3
COX-2 Forward primers 5-GCATTCTTTGCCCAGCACTT-3 210
Reverse primers 5-GTCTTTGACTGTGGGAGGAT-3
GAPDH Forward Primers 5-CTTGCCGTGGGTAGAGTCAT-3 229

Reverse Primers 5-TCTCTGCTCCTCCCTGTTCT-3

naproxen sodium (61.80 + 0.86, 76.20 + 1.53, 68.40 + 1.24 and
52.20 + 0.86) as compared to arthritic control (29.53 + 0.34).
Similarly, augmented level of IL-10 was found in rats treated with
noscapine hydrochloride (64.00 + 1.04, 76.00 * 1.44 and
66.40 * 1.66), as compared to arthritic control group (41.40 £ 0.74)
as shown in Fig. 5.

3.2.7. Effect of noscapine hydrochloride on serum prostaglandin E,
Noscapine hydrochloride at 10, 20 and 40 mg/kg presented a
noteworthy decrease in level of PGE; 0.71 + 0.02, 0.62 * 0.01 and
0.78 + 0.03 respectively when compared with non-treated adju-
vant induced arthritic control groups (1.35 + 0.019). Noscapine at
20 mg/kg gave (54.07 %) inhibition of PGE, as compared to
naproxen sodium (39.85 %). So, with same doses, noscapine

IL-1B

B8 Arthritic control (3ml/kg) 3 Noscapine (10mg/kg)B) 81
8 Normal control(3mikg) 23 Noscapine (20mglkg)
| B3 Naproxen (20mg/kg) Noscapine (40mg/kg)

TNF-a.

(8) 5
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E3 Naproxen (20mg/kg)

(=3
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hydrochloride 26.29 % was more effective than naproxen and
endorsed its potent anti-inflammatory effect against rheumatoid
arthritis (Fig. 6).

3.2.8. Antioxidant enzyme activity

We further assessed the antioxidant activity level from serum
which was collected on 28th day of medication and measured
the level of POD, and compared with arthritic control group.
Noscapine hydrochloride through oral route increased the antiox-
idant enzyme activity. Maximum effect was achieved at median
dose of NH that was 50 times higher than naproxen sodium dose.
The drug increased the defense system of body by increasing the
activities of antioxidant enzymes against oxidative stress. These
enzymes collectively work and potentiate the effect of each other.
Test drug significantly increased the level of SOD, and increased
the conversions of superoxide into hydrogen peroxide and oxygen
free radicals. Noscapine hydrochloride found to be more effective
at 20 mg/kg (26.00 + 0.37) as compared to other NH doses and
naproxen sodium doses. Likewise, the level of CAT was increased
in rats treated with noscapine hydrochloride (64.99 + 0.22,
76.89 £ 0.05 and 20.03 £ 0.91) in comparison to arthritic group
(10.45 £ 0.17) presented in Fig. 7.

4. Discussion

Rheumatoid arthritis is a chronic inflammatory disease, and to
date, there is no potent treatment for this disease. NSAIDs, corti-
costeroids, DMARDs and immunosuppressants are used to manage
and control the pain and structural abnormalities caused by RA.
However these drugs are associated with cost and severe adverse
effects (Wang et al., 2017). Noscapine hydrochloride is a natural
occurring benzyl-isoquinoline alkaloid phytochemical derived

IL-6

ER Arthritic control (3mkg) (1] Noscapine (10mg/kg)
[® Normal control(3ml/kg) Noscapine (20mg/kg)
E5 Naproxen (20mg/kg)

Noscapine (40mg/kg) Noscapine (40mglkg)

Fold change

NF-kp

ER Arthritic control (3mi/kg) [ Noscapine (10mg/kg)
&= Normal control (3ml/kg) Noscapine (20mg/kg)
E3 Naproxen (20mg/kg) Noscapine (40mg/kg)

Fig. 4. Effect of Noscapine hydrochloride at increasing doses for 28 days on IL-1, TNF-a, IL-6, COX-2, NF-kB in CFA-induced arthritic rats. Values are summarized as mean + S.
E.M, using one- way ANOVA followed by Dunnett’s post-test (" p < 0.001), statistically significant versus arthritic control.
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EA Arthritic control (3mL/kg)[M Noscapine (10mg/kg)
B3 Normal control (3mL/kg) Noscapine (20mg/kg)
E Naproxen (20mg/kg) Noscapine (40mg/kg)

1004

Fold change

Fig. 5. Augmentation of IL-4 and IL-10 by noscapine hydrochloride (at 10, 20 and 40 mg/kg dose orally for 28 days) in contrast to CFA arthritic diseased control rats. Values
are summarized as mean * S.E.M, using one- way ANOVA followed by Dunnett's post-test (" 'p < 0.001), statistically significant versus arthritic control.
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Fig. 6. Effect of noscapine hydrochloride at 10, 20 and 40 mg/kg orally for 28 days on PGE2 in CFA-induced arthritic model versus arthritic control. Results were analyzed by
Mean + SEM followed by one way ANOVA and results were statistically significant where ("'p < 0.001).

from P. somniferum, has potent anti-inflammatory effect, plenteous
in natural herbal sources. So, the current study was designed for
first time where noscapine hydrochloride relieved the rheumatism
in both in-vitro and in-vivo studies.

The formation of macroglobulin and protein denaturation can
make some proteins auto-antigenic which can initiate the auto-
immune reaction that can converge onto the rheumatic arthritis.
Auto-antigens formation due to thermally induced protein denatu-
ration (fresh hens egg and BSA) causes the alterations in disul-
phide, hydrogen and electrostatic hydrophobic bonding (Chandra
et al., 2015). In present study noscapine hydrochloride notably
reduced the heat induced protein denaturation (fresh hen’s egg
and BSA). Consequently, ability of noscapine to inhibit the produc-
tion of auto antigens and protein denaturation may be due to its
anti-arthritic effect.

Moreover, exposure of RBCs to detrimental substances such as
heat and hypotonic solutions results in membrane lysis due to oxi-
dation of hemoglobin and hemolysis. Since, HRBC membranes
resembles closely with lysosomal membranes, so inhibition of
thermally induced lysis and hypotonicity was taken as a mecha-
nism of anti-rheumatic drugs. Hypotonic solutions cause the accu-
mulation of fluid and debris within the chamber resulting in
membrane rupture. However, lysis of lysosomal membranes cause
the tissue damage by lipid peroxidation through influx of free rad-
icals. Stabilization of membranes prevents the leakage of fluid and
debris into the tissues during the period of augmented penetrabil-
ity instigated by inflammatory mediators (Anosike et al., 2012).
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Noscapine hydrochloride noticeably inhibited the hypotonicity
induced lysis, proposes that noscapine hydrochloride inhibits the
rupturing of erythrocytic membrane and thus obstructs the tissue
impairment instigating by release of enzymes from lysosomes as
shown in Table 2. Hence, noscapine hydrochloride stabilizes the
RBCs membrane.

Formaldehyde induced arthritis is one of the most customarily
used model for evaluating the anti-arthritic activity of certain
drugs. After injection of formaldehyde (0.1 mL) in the rat foot
induces the paw edema due to the liberation of prostaglandins at
injection site. Prostaglandins are the key markers of inflammatory
hyperplasia that is arbitrated through activation of nociceptors and
hypersensitivity at site of injury (Desai Nilesh et al., 2012). In cur-
rent investigation, inhibition of paw volume by noscapine
hydrochloride in formaldehyde acute model may be due to inhibi-
tion of release of prostaglandins at site of inflammation as
described in Fig. 2. Moreover, inhibition of prostaglandins also
inhibits the cyclooxygenase pathway that supports its antiarthritic
activity.

Complete adjuvant is comprised of dried inactivated mycobac-
terium which is responsible for the activation of cell mediated
immunity which eventually augments the generation of certain
immuno-globulins. Complete adjuvant induced arthritis is a bipha-
sic chronic arthritis (Walz et al., 1971). Primary phase includes
release of prostaglandins while secondary phase includes genera-
tion of auto-antibodies. The release of pro-inflammatory mediators
is responsible for pain sensation along with paw swelling at site of
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Fig. 7. Effect of noscapine hydrochloride at 10, 20 and 40 mg/kg orally for 28 days on antioxidant enzymes activity (CAT, SOD and POD) in CFA-induced arthritic model versus

arthritic control.

injection, and also increased the disability of ankle joints. A signif-
icant upswing in paw swelling after subplantor shot of complete
adjuvant is reflecting the grade of arthritis (Patil et al,, 2012).
Treatment with noscapine hydrochloride at all doses significantly
reduced the paw volume and paw swelling via prevention of
release of pro-inflammatory mediators.

In complete adjuvant induced arthritis, after immunization,
arthritic score is an index of inflammation of joints. A selective
inhibition in arthritic scoring supports its anti-inflammatory effect
as shown in Fig. 3. Rheumatic cachexia is a general representative
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of arthritis which is presumed to be due to poor food intake and
metabolism that are affected by inflammation and they are con-
trolled by leptin (cytokine like hormone). It has been already
reported that proliferation of T cells to promote the Th1 response
in autoimmunity are stimulated by leptin. After adjuvant adminis-
trations increased concentrations of leptin associated with anor-
exia and cachexia (Patil et al., 2012). The discoveries of present
study prove that administration of noscapine hydrochloride signif-
icantly attenuated the body weight loss in adjuvant induced arthri-
tis might associated with prevention of inflammation and
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hyperalgia along with improving the absorbance capacity of intes-
tine by noscapine.

It has been described that reduction in level of RBCs and Hb
associated with anemia produced due to dwindled reaction of ery-
thropoietin of bone-marrow and annihilation of premature RBCs in
complete adjuvant induced arthritis. ESR is an index of deferral
reliability of RBCs in plasma. The number of RBCs is related with
ESR. It also elaborates the establishment of endogenous proteins
including alpha and beta globulins and fibrinogens. Augmented
level of ESR is associated with stress, necrosis and inflammation.
In current investigation, administration of noscapine hydrochlo-
ride significantly restores the level of Hb along with RBCs and
down regulates the effect of ESR attributing its anti-
inflammatory prospective (Patil et al., 2012). In addition, WBC
are the first responders of immune system.

The increase in WBC count presented the signs of inflammatory
disorder in arthritic control animals and increased may be due to
the increase in concentration of macrophages colony factors and
granulocytes which is associated with elevated expression of IL-
1B inflammatory reactions which ultimately elevates the level of
WBCs (Patil et al., 2012). In addition, expression of IL-1B was pre-
vented by oral administration of noscapine hydrochloride that ulti-
mately normalized the WBCs and potentiates its anti-
inflammatory effect as discussed in Fig. 6a. So decreased expres-
sion of IL-18 may decreased the WBCs level in complete adjuvant
induced arthritis. Serum elevated level of AST and ALT was found
to be associated with elevated bradykinin level caused by inflam-
matory response whereas increased level of ALP are linked with
bone obliteration due to lysosomal integrity (Uttra et al., 2019).
In the present investigation AST, ALT and ALP elevated levels were
detected in untreated arthritic control animals. Nonetheless, treat-
ment with noscapine hydrochloride significantly reversed ALP
level that may be due to stability of lysomal enzymes, as also dis-
cussed in membrane stabilization assay and decreased the bone
destruction as observed by radiographic examination in this study.
Similarly, creatinine and urea level were declined in tested group
due to hepatoprotective effect of noscapine. Thus, normalization
of blood and serum parameters by noscapine hydrochloride sug-
gesting its persuasive immunomodulatory and anti-arthritic
potential.

Moreover, the mediators like IL-6, NF-kB, IL-1B and TNF-o are
linked with induction of arthritis, especially with the attack of
inflammatory cells on synovial membrane that causes the bone
and joint damage, hyperplasia and pannus formation (Manan
et al,, 2020). The expression of these inflammatory biomarkers
was also evaluated by using RT-qPCR. Noscapine hydrochloride
noticeably reduced these biomarkers as equated to rheumatic con-
trol rats.

In detail, IL-1p activates the production of osteoclast and matrix
metalloproteinase formation leading to bone damage. Stimulation
and differentiation of osteoclast are associated with NF-kB which
results in synovial apoptosis and bone loss. NF-kB stimulates the
immune system via a transcription of pro-inflammatory cytokines
(IL-6, TNF-o. and IL-1B). Activation of NF-kB exacerbates the
rheumatoid arthritis. However, expression of NF-kB was inhibited
in treatment groups as compared to diseased group. So, inhibitors
of NF-kB possess the therapeutic efficacy against arthritis and
could be used in the treatment of rheumatism (Manan et al.,
2020). In the current study, noscapine hydrochloride notably
reduced the expression of NF-kB as compared to diseased control
rheumatic rats. Inflammatory biomarkers activate the expression
of COX-2 in synovial membrane, Noscapine hydrochloride signifi-
cantly decreased the expression of COX-2 and inhibited the angio-
genesis and synovitis hallmarks in the synovial membrane.
Furthermore, an augmented level of pro-inflammatory cytokines
also causes the increased manifestation of prostaglandin E, and
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induces the infiltration of immune cells and ultimately causes
the inflammation in organs and peripheral tissues. These parame-
ters aggravate the rheumatic disorder. Consequently, down-
regulation of the manifestation of these parameters may be an
effective way to treat rheumatism (Gou et al., 2018). In the present
investigation, noscapine hydrochloride significantly down-
regulates the level of PGE, in treated groups in contrast to non-
treated rheumatic control groups.

Furthermore, IL-4 and IL-10 are immuno-modulatory and anti-
inflammatory cytokines (Latif et al., 2021). IL-4 obstruct auto-
immune reaction arbitrated by Th; and upholds the generation of
Th, (Shabbir et al., 2014). Although, IL-10 not only prevents Th;
generated cytokines and (IFN-y, IL-1, TNF-a) but also averts the
mRNA expression of IL-18 and inhibit the antigen presenting func-
tions of cells, and protects the joint spaces (Li et al., 2013). The
results of present analysis reported that treatment with noscapine
hydrochloride significantly up-regulates the effect of IL-4 and IL-
10, and down- regulates the level of IL-1B, TNF-o,, COX-2, NF-kB
and IL-6 as presented in Fig. 6. However the reduction in inflamma-
tory cytokines specifically IL-1B, TNF-a and IL-6 at noscapine
(40 mg/kg dose) was not as much as it was observed at lower
doses. This may be due to narrow therapeutic index or range of
drug. Normally, the increasing doses result in an increased reac-
tion, but only within a relatively small dose range; subsequent
dose increases outside of this range have few additional effects.
Furthermore, it can be a result of pharmacokinetic and pharmaco-
dynamic variations among the animals as well. Similarly, through-
out the course of therapy, even the same animal can exhibit
variations in medication reactions from dose to dose (Tamargo
et al., 2015; Maxwell, 2018; Rocca and Patrono, 2005).These obser-
vations validate anti rheumatic effect of noscapine and signify its
use for the management of rheumatism.

It is established that, therapeutic products having anti-
rheumatic efficacy also possess the antioxidant potential, hence
we evaluated the antioxidant enzyme activity (CAT, SOD and
POD) of noscapine hydrochloride. In present study level of these
antioxidant enzymes was decreased in rheumatic control diseased
rats, whereas administration of noscapine hydrochloride increased
the concentration of these aforementioned antioxidant enzymes in
the serum that avert the tissues destruction by increasing the con-
centration of these endogenous enzymes in treatment groups.
Catalase protects from tissue damage because by reducing the pro-
duction of hydrogen peroxide in the synovial membrane. A previ-
ous investigation strengthens our observation that antioxidants
enzymes such as CAT, SOD and peroxidase were reported to be
notably decreased in rheumatoid arthritis in contrast to normal
control animals. Complete adjuvant elevates the level of oxidative
stress and inflammatory cytokines which provokes the immune
cells to generate the cytokines and enzymes to aggravate RA
(Manan et al., 2020). Thus, it can be proposed that diminishing
oxidative stress by noscapine could be one of the main mecha-
nisms for reducing the manifestation of cytokines involved in
chronic inflammation.

5. Conclusions

In conclusion, present findings demonstrate that oral adminis-
tration of noscapine hydrochloride (20 mg/kg) in rheumatic ani-
mals, noticeably reduced protein denaturation, stabilized the
lysosomal membrane, decreased the paw volume in formaldehyde
and complete adjuvant induced RA in rats. Additionally, complete
adjuvant model, treatment with noscapine hydrochloride signifi-
cantly reduced the arthritic scoring, normalized the loss of body
weight, hematological and serum alterations. Treatments also pre-
vent the mRNA expression of pro-inflammatory biomarkers,
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inflammatory enzymes (COX-2), together with dropping the level
of prostaglandins and NF-kB. Moreover, noscapine increased the
level of antioxidant enzymes like peroxidase, catalase and superox-
ide dismutase that could be credited to its anti-rheumatic and
immunomodulatory properties of iso-quinolone alkaloids.
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