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Abstract:

The present study evaluated the acute oral toxicity and in vivo anti-inflammatory activity of the methanolic leaf
extract of Rumex hastatus (RHLM). In the acute toxicity study, mice received RHLM at 250, 500, 1000 and 2000
mg/kg and were observed for 14 days. No mortality or notable adverse behavioural changes were reported up to
2000 mg/kg, and body-weight gain remained comparable with the control group. Hematological indices and
biochemical markers of hepatic and renal function showed no notable treatment-related alterations. Anti-
inflammatory activity was evaluated in carrageenan- and formalin-induced rat hind-paw edema models. In the
carrageenan model, RHLM at 200 and 400 mg/kg reduced paw edema over 5 h; at 5 h, percentage inhibition was
36.12+1.75% and 61.42+1.03%, respectively, compared with 61.58+1.34% for indomethacin (10 mg/kg). In the
formalin model, RHLM reduced edema across the six-day observation period, with the 400 mg/kg dose showing the
greatest effect. On day 6 at 3 h, inhibition was 57.55+3.45% with RHLM 400 mg/kg, compared with 55.21+3.05%
for diclofenac (5 mg/kg). These findings indicate that RHLM was well tolerated in the reported acute toxicity study
and demonstrated marked anti-inflammatory activity, particularly at 400 mg/kg.
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1. Introduction

Inflammation is a protective response to pathogens or injurious agents and involves
mediator release, vascular changes, cell migration, tissue breakdown and repair. Persistent
inflammatory processes contribute to chronic disorders such as rheumatoid arthritis, in which
synovial proliferation and progressive destruction of cartilage and bone may occur.
Conventional anti-inflammatory and disease-modifying therapies are effective, but their long-
term use may be limited by adverse effects and monitoring requirements. These considerations
support continued investigation of medicinal plants traditionally used for inflammatory
conditions'*.

Rumex hastatus D. Don belongs to the family Polygonaceae and has been described in
the supplied study as a medicinal plant used in traditional practice™. Previous work cited in the
source material reported antinociceptive, anti-inflammatory and antipyretic activity of R.
hastatus stem and root extracts’, while other investigations described antioxidant, antimicrobial
and related biological activities of the species®'®. The present article focuses exclusively on the
acute toxicity and in vivo anti-inflammatory findings generated for the methanolic leaf extract of
R. hastatus (RHLM).

The objective was to assess the acute toxicity profile of RHLM and to evaluate its anti-
inflammatory activity using carrageenan-induced acute paw edema and formalin-induced
subchronic paw edema models.

2. Materials and Methods

Study material

The test material was the methanolic extract of R. hastatus leaves, designated RHLM in
the supplied experimental record. No additional extraction conditions, solvent-to-drug ratio,
extraction duration, authentication number, or voucher-specimen details were stated in the
supplied content; these details should be inserted from the original laboratory record before
journal submission.

Acute toxicity study

Acute oral toxicity was assessed in mice using a control group and RHLM dose groups
of 250, 500, 1000 and 2000 mg/kg (n=6 per group as reported with the tabulated data). Animals
were observed at 30 min, 4 h, 12 h and 24 h and subsequently through day 14 for behavioural
and clinical signs. Body weight was recorded from day 0 through day 14 at two-day intervals.
Hematological variables included red blood cell count, white blood cell count, hemoglobin,
differential leukocyte count, packed cell volume, mean corpuscular volume, mean corpuscular
hemoglobin and mean corpuscular hemoglobin concentration. Biochemical evaluation included
SGOT, SGPT, ALP, bilirubin, urea and creatinine. The supplied results describe the limit-test
outcome as LD50 >2000 mg/kg.

Carrageenan-induced hind-paw edema

The carrageenan model was used to assess acute anti-inflammatory activity in rats'>. The
reported treatment groups were control, indomethacin 10 mg/kg, RHLM 200 mg/kg and RHLM
400 mg/kg (n=6 per group). Paw edema volume was recorded at 0, 1, 2, 3, 4 and 5 h, and
percentage inhibition of paw volume was calculated and reported for each time point. The
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supplied content identifies the experimental animals as Sprague-Dawley rats but does not state
the carrageenan concentration, injection volume, or exact administration route; add these details
from the original protocol before submission.

Formalin-induced hind-paw edema
Subchronic anti-inflammatory activity was evaluated using formalin-induced rat hind-

paw edema’ . The reported groups were control, diclofenac 5 mg/kg, RHLM 200 mg/kg and
RHLM 400 mg/kg (n=6 per group). Paw edema volume and percentage inhibition were recorded
at 0, 1 and 3 h on days 1 through 6. The supplied content does not provide the formalin
concentration, injection volume or exact dosing schedule; these should be verified against the
original experimental protocol before submission.

3. Statistical presentation
All tabulated results in the supplied content were expressed as mean = SD with n=6. The
supplied content did not describe the inferential statistical test, software, or significance
threshold; therefore, we did not add any unreported statistical procedure to this manuscript!'¢-2°.

4. Ethical statement

All experimental procedures involving animals were conducted after obtaining prior
approval from the Institutional Animal Ethics Committee (IAEC) of Shree Narnajibhai
Lalbhai Patel College of Pharmacy. The project proposal entitled “Evaluation of Anti-
arthritic Activity of Various Fractions of  Rumex hastatus” was reviewed and
approved/recommended by the committee at its meeting held on 07 January 2025. The
Animal Ethical Approval/Protocol No. is CCSEA/SNLPCP/IAEC/25/01/163.

5. Results and Discussion

Acute toxicity and general observations
RHLM produced no reported mortality or notable adverse behavioural effects up to 2000
mg/kg during the 14-day observation period. Body weight increased in all groups. On day 14,
mean body weights were 22.7341.01 g in controls and 22.75+0.78, 22.85+0.66, 23.32+0.63 and
23.16+0.94 g in the 250, 500, 1000 and 2000 mg/kg groups, respectively. The source therefore
classified the extract in the lowest reported acute-toxicity category, with LD50 >2000 mg/kg.
Table 1. Body weight of mice during acute toxicity evaluation of RHLM

Body Body Body Body Body Body Body Body Body
Treat | Wt.of | Wt.of | Wt.of | Wt.of | Wt.of | Wt. of | Wt. of | Wt. of | Wt. of

ment mice mice mice mice mice mice mice mice mice
(2 (8 (8 (8) (8) (8) (8) (8) (8)
Weight
Treatm Day 0 2nd 4th 6th 8th 10th 12th 14th | gain on
ent Day Day Day Day Day Day Day 14th
Day

2038+ | 20.68+ | 21.03+ | 21.36+ | 21.68+ | 22.00+ | 22.36+ | 22.73+ | 02.31+

Control | o 77 | "o.81 | o081 | 085 | 092 | 095 | 096 | 101 | 032

Group | 20.40+ | 20.72+ | 21.04+ | 21.37+ | 21.72+ | 22.05+ | 22.40+ | 22.75+ | 02.32+
1 0.72 0.75 0.77 0.79 0.79 0.82 0.79 0.78 0.20
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Group | 20.35+ | 20.62+ | 21.02+ | 21.34+ | 21.69+ | 22.05+ | 22.45+ | 22.85+ | 02.47+

2 0.61 0.64 0.60 0.60 0.64 0.61 0.61 0.66 0.25
Group | 20.58+ | 20.93+ | 21.25+ | 21.70+ | 22.10+ | 22.48+ | 22.86+ | 23.32+ | 02.68+

3 0.58 0.62 0.65 0.60 0.60 0.60 0.62 0.63 0.13
Group | 20.51% | 20.85+ | 21.21+ | 21.59+ | 22.00& | 22.404+ | 22.78+ | 23.16+ | 02.63+

4 0.81 0.85 0.81 0.88 0.85 0.84 0.87 0.94 0.16

Body wt. of mice in acute toxicity of R. Hastatus
leaves methanol extract

24
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Figure 1. Body weight of mice during acute toxicity evaluation of R. hastatus leaf
methanolic extract (source figure reproduced from the supplied study).

Hematological and biochemical findings

No notable treatment-related changes were reported for red blood cell count,

hemoglobin, packed cell volume, mean corpuscular volume or mean corpuscular hemoglobin.
The source described increases in lymphocyte, neutrophil and basophil counts across treated
groups, while the principal hematological indices remained close to control values. Hepatic
markers (SGOT, SGPT, ALP and bilirubin) and renal markers (urea and creatinine) likewise
showed no notable changes across the tested dose range. These observations supported the
reported absence of acute hepatic or renal toxicity under the study conditions.

Table 2. Biochemical parameters in control and RHLM-treated mice

250 mg/Kg 500 mg/Kg | 1000 mg/Kg | 2000 mg/Kg
Fact trol
actors Contro G 1) G 2) (G 3) (G 4)
S.G.O.T
L) 107.32403.63 | 108.53+04.21 | 108.32+04.85 | 107.45+05.86 | 108.31404.35
SGP.T
L) 35.57+03.48 | 36.31£02.14 | 35.85£02.28 | 36.19403.52 | 36.35+03.69
ALP(UL) | 76.15£03.77 | 77.65+02.64 | 77.19+03.59 | 76.86+04.42 | 77.32+03.59
Bilirubin 1 100,15 | 00.61400.23 | 00.61400.20 | 00.61400.17 | 00.61400.25
(mg/dl)
Urea (mg/dl) | 20.81402.24 | 21.05402.12 | 20.51403.03 | 20.6542.71 | 20.51+02.58
C(rsfgtjgil;e 00.27+00.16 | 00.27£00.11 | 00.27£00.11 | 00.27+00.07 | 00.27£00.13
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Effect of RHLM on Biochemical parameters in
control and experimental mice
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Figure 2. Biochemical parameters in control and RHLM-treated mice (source figure
reproduced from the supplied study).

Carrageenan-induced paw edema

Carrageenan produced a progressive increase in paw edema in the control group,
reaching 2.12+0.04 ml at 5 h. Indomethacin reduced the 5-h edema value to 0.81+0.01 ml.
RHLM reduced paw edema to 1.354+0.01 ml at 200 mg/kg and 0.82+0.02 ml at 400 mg/kg at 5 h.
Corresponding percentage inhibition at 5 h was 36.12+1.75% for RHLM 200 mg/kg and
61.42+1.03% for RHLM 400 mg/kg, compared with 61.58+1.34% for indomethacin. Thus, the
400 mg/kg RHLM response at 5 h was numerically close to the standard treatment in the
supplied dataset.
Table 3. Effect of RHLM on carrageenan-induced paw edema

Body wt. | . Mean . Mean . Mean . Mean . Mean . Mean
Treatmen | of tested lflcrease lflcrease lflcrease lflcrease lflcrease lflcrease
. animals in paw in paw in paw in paw in paw in paw
edema edema edema edema edema edema
®) vol. (ml) | vol. (ml) | vol. (ml) | vol. (ml) | vol. (ml) | vol. (ml)
Body wt.
Treatment of Fested 0 Hr 1 Hr 2 Hrs 3 Hrs 4 Hrs 5 Hrs
animals
(g)
Control 176.81+03 | 00.85+00 | 01.13+00 | 01.46+00 | 01.72+00 | 01.88+00 | 02.12+00
.68 .02 .02 .04 .06 .02 .04
Indometha
cin 176.31+£03 | 00.76+00 | 00.84+00 | 00.97+00 | 00.92+00 | 00.85+00 | 00.81+00
(10mg/Kg 42 .04 .01 .03 .01 .01 .01
)
RHLM
(200mg/k 176.65+£03 | 00.77+00 | 01.04+00 | 01.23+00 | 01.38+00 | 01.43+00 | 01.35+00
2) 91 .03 .01 .02 .05 .03 .01
RHLM 176.65+03 | 00.78+00 | 00.96+00 | 01.04+00 | 01.05+00 | 00.97+00 | 00.82+00
(400mg/k 25 .02 .03 .01 .01 .01 .02
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L 9 | | | | |
Table 4. Percentage inhibition of carrageenan-induced paw edema
% % % % % %
Bodv Wt Inhibitio | Inhibitio | Inhibitio | Inhibitio | Inhibitio | Inhibitio
y Wt n of paw | n of paw | n of paw | n of paw | n of paw | n of paw
Treatmen | of tested
. vol. at vol. at vol. at vol. at vol. at vol. at
t animals . . . . . .
® various various various various various various
g time time time time time time
interval | interval | interval | interval | interval | interval
Body Wt.
Treatment of ‘Fested 0 Hr 1 Hr 2 Hrs 3 Hrs 4 Hrs 5 Hrs
animals
(g)
176.81+03
trol - - - - - -
Contro 69
Indometha
cin 176.31£03 | 09.10+£02 | 24.10+£02 | 34.72+03 | 48.10+02 | 53.18+00 | 61.58+01
(10mg/Kg 42 91 .88 41 .02 52 34
)
RHLM
(200mgk 176.65+03 | 08.25+01 | 08.35+03 | 15.544+03 | 18.38+04 | 22.13+01 | 36.12+01
£ 91 92 22 41 51 51 75
g)
RHLM
(400mg/k 176.65+03 | 06.93+01 | 14.12+05 | 28.244+02 | 37.52+02 | 46.54+01 | 61.42+01
o £ 25 33 47 82 83 95 03

Meanincrease in paw edema volume

In vivo anti-inflammatory activity of RHLM on
Carrageenan induced edema

1Hr

2Hrs

3 Hrs

Time (Hours)

W Control (Body Weight 176.81g)
Indomethacin (10mg/Kg) (Body Weight 176.31g)
RHLM (200mg/kg) (Body Weight 176.65g)
RHLM (400mg/kg) (Body Weight 176.65g)

4 Hrs

5 Hrs

Figure 3. In vivo anti-inflammatory activity of RHLM in carrageenan-induced edema
(source figure reproduced from the supplied study).
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Figure 4. Percentage inhibition of carrageenan-induced paw edema (source figure
reproduced from the supplied study).

rather than definitive. Comparable plant-derived anti-inflammatory effects in carrageenan

models are described in references included in the source material.

Formalin-induced paw edema

In the formalin model, edema increased across the six-day observation period in control
animals. Both RHLM doses reduced edema relative to control, with the 400 mg/kg dose
consistently showing the stronger response. On day 6 at 3 h, paw edema was 2.61+£0.12 ml in the
control group, 1.08+0.02 ml with diclofenac 5 mg/kg, 1.82+0.05 ml with RHLM 200 mg/kg and
1.06£0.03 ml with RHLM 400 mg/kg. Percentage inhibition at the same time point was
55.21£3.05% for diclofenac, 27.57+4.73% for RHLM 200 mg/kg and 57.55+3.45% for RHLM

The supplied discussion characterizes carrageenan inflammation as biphasic, with early
mediator release followed by a later prostaglandin-dominant phase. The pronounced activity of
RHLM 400 mg/kg at later time points is consistent with an effect on inflammatory mediator
pathways; however, the present dataset does not directly measure cyclooxygenase, lipoxygenase
or specific inflammatory mediators. Mechanistic statements should therefore remain interpretive

400 mg/kg.
Table 5. Effect of RHLM on formalin-induced paw edema on days 4-6
Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean | Mean
Body | incre | incre | incre | incre | incre | incre | incre | incre | incre
Treat wt.of | asein | asein | asein | asein | asein | asein | asein | asein | asein
ment tested Paw Paw Paw Paw Paw Paw Paw Paw Paw
animal | Edem | Edem | Edem | Edem | Edem | Edem | Edem | Edem | Edem
s (2) aVol. aVol. | aVol. | aVol. | aVol. | aVol. | aVol. | aVol. | aVol.
(ml) (ml) (ml) (ml) (ml) (ml) (ml) (ml) (ml)
Body
Treat Zzt ;’; 4h | 4th | 4th | Sth | Sth | Sth | 6th | 6th | 6th
ment animals Day Day Day Day Day Day Day Day Day
(g)
Treat Body 0 Hr 1Hr | 3Hrs | OHr 1Hr | 3Hrs | OHr 1 Hr | 3 Hrs
ment wt. of
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tested
animals
(2)
Contr | 181.02 | 01.03 | 01.62 | 02.09 | 01.12 | 01.75 | 02.26 | 01.27 | 01.91 | 02.61
ol +03.72 | £0.02 | £0.03 | £0.02 | £0.05 | £0.07 | £0.05 | £0.03 | £0.05 | £0.12
Diclof
enac
5 181.18 | 00.91 | O01.12 | 01.33 | 00.81 | 01.06 | 01.18 | 00.81 | 01.02 | 01.08
mg/K +02.49 | £0.05 | £0.04 | £0.04 | £0.04 | £0.05 | £0.07 | £0.11 | £0.03 | +0.02
g)
RHL
M 181.34 | 00.93 | 01.36 | 01.67 | 00.97 | 01.47 | 01.77 | 01.03 | 01.46 | 01.82
(200m | £02.93 | £0.04 | £0.04 | £0.08 | £0.03 | £0.04 | £0.03 | £0.02 | £0.04 | +0.05
g/kg)
RHL
M 181.82 | 00.88 | 01.13 | 01.33 | 00.83 | 01.08 | 01.15 | 00.82 | 01.03 | 01.06
(400m | £03.38 | £0.04 | £0.03 | £0.06 | £0.02 | £0.02 | £0.03 | £0.02 | £0.02 | +0.03
g/kg)
Table 6. Percentage inhibition of formalin-induced paw edema on days 4-6
% % % % % % % % %
Inhibi | Inhibi | Inhibi | Inhibi | Inhibi | Inhibi | Inhibi | Inhibi | Inhibi
tion tion tion tion tion tion tion tion tion
Body of of of of of of of of of
weight | Paw | Paw Paw | Paw | Paw Paw | Paw Paw | Paw
Treat of Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol.
ment | tested at at at at at at at at at
animal | vario | vario | vario | vario | vario | vario | vario | vario | vario
s (g) us us us us us us us us us
time time time time time time time time time
interv | interv | interv | interv | interv | interv | interv | interv | interv
al al al al al al al al al
Body
weight
Treat of 4th 4th 4th 5th 5th 5th 6th 6th 6th
ment | tested | Day Day Day Day Day Day Day Day Day
animal
s (g)
Body
weight
Treat of
0 Hr 1Hr | 3Hrs | OHr 1Hr | 3Hrs | OHr 1 Hr | 3 Hrs
ment | tested
animal
s (8)
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Contr | 181.02
ol +03.72 N N N N N N N N N
Diclo
finac 13118 12.02 | 2843 | 35.66 | 27.13 | 37.53 | 46.75 | 33.13 | 44.23 | 55.21
® 102,49 +07.3 | £03.7 | £03.0 | £05.9 | £03.0 | +02.4 | £07.4 | £01.5 | £03.0
mg/K 2 6 8 7 4 1 7 4 5
g
RHL
M 181.34 08.27 | 13.66 | 21.32 | 13.26 | 17.02 | 20.46 | 21.83 | 20.66 | 27.57
(200 102.93 +03.0 | £02.7 | £04.5 | £04.8 | £04.2 | £02.6 | £01.0 | £04.6 | £04.7
mg/k 7 3 3 5 3 1 8 6 3
)
RHL
M 181.82 12.96 | 31.56 | 34.07 | 2598 | 37.35 | 48.11 | 32.61 | 44.37 | 57.55
(400 103.38 +01.6 | £02.3 | £03.2 | £059 | +03.8 | £02.8 | £04.5 | +£02.2 | £03.4
mg/k 7 2 7 2 8 6 3 7 5
g2

Mean Increase in Paw Edema Yolume

In vivo anti-inflammatory activity of RHLM on
Formalin induced edema (Day 6)

1
o [
0

OHr

M Control (Body Weight 181.02g)

RHLM (200mg/kg) (Body Weight 181.34g)

1Hr

Time (Hr)

3 Hrs

M Diclofenac (5 mg/Kg) (Body Weight 181.18g)

RHLM (400mg/kg) (Body Weight 181.82g)

Figure 5. In vivo anti-inflammatory activity of RHLM in formalin-induced edema on day 6
(source figure reproduced from the supplied study).

In vivo anti-inflammatory activity of RHLM on the percentage inhibition of Formalin

OHr

B Control (Body Weight 181.02¢)
RHLM (200mg/ke) (Body Weight 181.34g)

induced paw edema (Day 6)

1Hr

Time (Hr)

™ Diclofenac (5 mg/Kg) (Body Weight 181.18g)

RHLM (400meg/ke) (Body Weight 181.82¢)

Figure 6. Percentage inhibition of formalin-induced paw edema on day 6 (source figure
reproduced from the supplied study).
The formalin model was described in the source as a subchronic inflammatory model.
The progressive reduction in edema and the strong day-6 response at 400 mg/kg support
sustained anti-inflammatory activity of RHLM under the reported experimental conditions. The
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source literature also includes reports of plant extracts reducing inflammatory responses in
formaldehyde/formalin and carrageenan models.

6. Conclusion

Within the limits of the supplied experimental data, the methanolic leaf extract of R.
hastatus was well tolerated in the acute toxicity study, with no mortality or notable adverse
clinical, hematological, hepatic or renal effects reported up to 2000 mg/kg. RHLM demonstrated
in vivo anti-inflammatory activity in both carrageenan- and formalin-induced paw edema
models. The 400 mg/kg dose produced the strongest response, reaching 61.42+1.03% inhibition
at 5 h in the carrageenan model and 57.55+3.45% inhibition on day 6 at 3 h in the formalin
model. These findings support further investigation of the anti-inflammatory constituents of R.
hastatus. Mechanistic studies and complete protocol reporting would strengthen future work.
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