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Abstract

Background and Aim: Jatropha gaumeri Greenm. is commonly used to treat mouth blisters and skin rashes, its latex has
analgesic and anti-inflammatory activity on buccal ulcer. This study aimed to demonstrate the wound healing activity of a
cream formulation of Jatropha gaumeri Greenm. latex in a murine model, provide a histological assessment of its scarring
effects, and identify the family of phytochemicals involved in these effects.

Materials and Methods: Latex was obtained from the cut stalk leaves and young stems of J. gaumeri and stored in sterile
tubes with protection from light. Chloroform, ethyl acetate, and aqueous fractions of the latex were obtained. Fifty male
Balb/c mice aged 10-12 weeks were divided into 10 groups of five mice: Group 1 corresponded to healthy mice with wounds;
Group 2 corresponded to mice with wounds and treated with A-Derma®; and from Group 3 to group 10 corresponded to
mice treated with a different latex fraction. A circular skin wound of about 1 cm was made on the paravertebral region of
each mouse under anesthetized and aseptic conditions. The wounds were topically treated every 24 h with the respective
extracts for 22 days, after which skin tissue specimens were obtained and stained with hematoxylin-eosin and Masson’s
trichrome. The efficiency of healing was measured by quantifying the tensile strength of the scars. The phytochemicals in
the latex were elucidated using thin chromatography.

Results: The aqueous latex fraction produced the best wound healing activity and was superior to the positive control.
Reepithelialization at the histological level resulted in tissue that resembled healthy skin in terms of the appearance of
collagen, the regeneration of hair follicles, and cellularity of the dermis, which showed organized epithelialization. A wound
healing efficacy of 97% was observed, and it seems that alkaloids were the phytochemicals mostly likely responsible for
these effects.

Conclusion: J. gaumeri latex exhibited wound healing activity, possibly mediated by phytochemicals such as alkaloids in
the aqueous fraction.

Keywords: alkaloids, Jatropha gaumeri latex, wound healing.

Introduction still widely used in medicinal folklore to treat ulcers
and wounds [4,5].

In the past two decades of the 20" century, sev-
eral studies have reported on the beneficial properties
of Jatropha lattices. Proanthocyanidin polymers have
been found in the latex of J. multifida and showed
anti-complement activity [6]. The latex of Jatropha
curcas has a proteolytic enzyme of around 22 kDa, and
the diluted latex showed healing action when applied
topically, although the undiluted latex produced caus-
tic lesions [7,8]. In addition, a novel cyclic nonapep-
tide with L-amino acids was identified in J. podagrica
latex with cytotoxicity activity [9].
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The genus Jatropha (Euphorbiaceae) comprises
about 170 species of woody trees, shrubs, subshrubs,
and herbs in the seasonally dry tropics of the Old and
New World. Their stems, roots, leaves, seeds, fruits,
and latex are used in medicinal folklore to treat vari-
ous diseases [1]. However, some studies have warned
against consuming them as herbal medicine; in partic-
ular, the seed oil can be highly toxic, and the leaves of
J. integerrima can provoke vomiting and dehydration.
For these reasons, their use in herbal medicine is cau-
tioned against [2,3]. Nonetheless, Jatropha lattices are
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In addition to Jatropha, the latex of other plants has
also demonstrated thrombin-like proteases that can
treat bleeding wounds [11]. The presence of cyclic
nonapeptide in lattices supports their potential use as
cytotoxic compounds against tumoral cells [12-14].
Other biological activities identified in lattices include
anti-inflammatory effects and wound healing. The lat-
tices of Jatropha neopauciflora Pax species, which are
endemic to Mexico, promote wound healing that can
attain up to 100% of the tensile strength of undamaged
skin in a murine model. These lattices also promote
antibacterial activity without toxicity when tested in
cell lines [15]. When the cells infiltrating the lesion
site were characterized, it was noted that CD68+ and
CD34+ cells mobilized to skin tissues treated with
J. curcas Linn. latex [16,17].

In Yucatan, Mexico, Jatropha gaumeri Greenm.,
an endemic tree, is commonly known in the Mayan
language as pomolché, is commonly used to treat
mouth blisters and skin rashes. In the previous studies,
terpenoids with antimicrobial and antioxidant activity
have been isolated from the crude extracts of J. gau-
meri Greenm. roots and leaves, respectively [18,19].
A recent study found that the latex promoted analgesic
and anti-inflammatory activity on buccal ulcers [20];
however, further experimental studies are needed to
demonstrate and corroborate its biological activities,
especially concerning the latex of the J. gaumeri.

This study aimed to demonstrate the wound
healing activity of a cream formulation of J. gaumeri
Greenm. latex in a murine model, provide a histologi-
cal assessment of its scarring effects, and identify the
family of phytochemicals involved in these effects.

Materials and Methods

Ethical approval

The experiments in this study were performed in
adherence to the Mexican federal regulations for ani-
mal use and care (Nom-062-Z00-1999) and under the
institutionally approved protocol PE-2017-20 at the
Autonomous Campeche State University.

Study period and location

The latex sample and experimental study were
carried out during the period between April 2018 to
June 2019 in Campeche City, Mexico.

Latex collection

J. gaumeri plants previously authenticated by the
Biology Faculty of the Autonomous Campeche State
University were grown in a backyard in a Campeche city
neighborhood. J. gaumeri latex was obtained as a milky
fluid exudate from cut stalk leaves and young stems and
was stored in sterile tubes with protection from light.
Previous asepsis was done with sterile water to ensure
asepsis. The samples were transported in an icebox to
the laboratory, kept at 4°C, and immediately fractioned.

Latex extraction and cream formulation
A 25 mL volume of latex was suspended in a
water-to-latex ratio of 1:2. The no aqueous phase was

then partitioned successively with 2:1 chloroform,
and the no chloroform phase partitioned 2:1 in ethyl
acetate. Three fractions were obtained (aqueous, chlo-
roform, and ethyl acetate). The aqueous fraction con-
centrated by lyophilization in small volumes of 5-10
ml in a 50 ml flask to optimize the process. The chlo-
roform and ethyl acetate solvent elimination was car-
ried under reduced pressure by rotavapor at 30-35°C.
In addition, we used whole lyophilized latex, the dried
powder was used to prepare 5% mixture in glycerin
for experimental testing in mice to screen for wound
healing activity. All extracts with wound healing
activity were prepared further at 1% and 5% dilutions
in carboxymethylcellulose and retested in the same
murine model.

Assessment of wound healing activity in a murine
model

Fifty male Balb/c mice aged 10-12 weeks
were obtained from the animal laboratory facili-
ties of Research Center Biomedical Investigation,
Autonomous Yucatan State University. The mice
were divided into 10 experimental groups consisting
of five mice each, randomized, and kept in separate
cages in a well-ventilated temperature-controlled
(24-27°C) environment with ad [libitum access to
a conventional diet and water. We adhered to the
Mexican federal regulations for animal use and care
(Nom-062-Z00-1999).

The experimental groups were as follows: Group
1 consisted of healthy controls without wounds. The
other nine groups had experimentally induced wounds
treated with A-Derma (Avoine Rhealba, France) as a
positive control (Group 2), glycerin as a placebo con-
trol (Group 3), 5% aqueous latex fraction in glycerin
(Group 4), 5% ethyl acetate latex fraction in glycerin
(Group 95), 5% chloroform latex fraction in glycerin
(Group 6), 5% whole latex in glycerin (Group 7), 5%
lyophilized latex in glycerin (Group 8), 1% aqueous
latex fraction in carboxymethylcellulose (Group 9),
or 5% aqueous latex fraction in carboxymethylcellu-
lose (Group 10).

In this experiment, the mice were anesthetized,
and an aseptic incision of 1 cm was made in a previ-
ously shaved area on the back. The wounds were top-
ically treated every 24 h with the respective extracts
for 22 days. The progression of wound healing was
recorded at 1, 5, 10, 15, and 20 days. On day 22, the
mice were euthanized, and the tensile strengths of the
wounds were determined as previously described [19].
The tensile strength of the skin was defined as the
amount of force in grams required to tear the skin.
The percentage of wound healing efficacy was calcu-
lated as: % wound healing efficacy=(Tensile strength
of scarred skin in grams/Tensile strength of healthy
skin in grams)x100.

Histopathological assessment of wounds
Skin tissue specimens were extracted from the
wound sites and immediately fixed in 10% buffered
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formaldehyde, embedded in paraffin, sliced into
sections 4 um thick, and stained with hematoxylin-eo-
sin and Masson’s trichrome.

Chemical screening by thin-layer chromatography

The solvent system for polar extracts was ethyl
acetate-methanol-water (100:13.5:10). The reagents
used for detection were Dragendorff’s reagent, poly-
ethylene glycol, and vanillin-sulfuric acid for alka-
loids, flavonoids, and terpenes, respectively.

Three different samples were tested: Whole
extract, chloroform latex fraction, and aqueous latex
fraction. The ethyl acetate latex fraction was not ana-
lyzed because it did not have wound healing effects.

Results

Macroscopy observation of wound healing

The progression of wound healing in the mice
was recorded at 1, 5, 10, 15, and 20 days. On day 5, the
lesions remained open in all mice except in the positive
controls treated with A-Derma® and those treated with
whole latex. White scars had formed in the positive
control group, whereas dark scars had formed in the
group treated with whole latex. On day 10, the lesions
were dramatically reduced in the positive control and
aqueous latex fraction groups. After 2 weeks, the
lesions had completely closed, and regrowth of hair
had begun in the positive control and aqueous latex
fraction groups. Likewise, the mice treated with only
glycerin exhibited closed lesions like those treated
with the chloroform and ethyl acetate latex fractions.
Notably, the lesions remained open in the mice treated
with whole latex.

During the last observation on day 20, wound
healing was almost complete in the positive control
and aqueous latex fraction groups. In the negative con-
trol (placebo) group treated with glycerin, the lesions
were completely closed, as were the case for the chlo-
roform and ethyl acetate latex fraction groups, but

the hair regrowth was incomplete (Figure-1). These
results indicate that the aqueous latex extract and the
A-derma® positive control promoted wound healing
with similar efficacies.

Wound healing efficacy (glycerin vehicle)

At the end of the experiment, and immediately
after euthanized the mice; the tensile strengths of the
wounds were measured, and the wound-healing effi-
cacies were calculated. We found the highest wound
healing efficacies in the aqueous latex fraction (97.7%)
and chloroform latex fraction (93%) groups, which
were higher than that of the positive control (79.5%).
For the glycerin (negative control), ethyl acetate latex
extract, and whole latex groups, the wound healing
efficacy was between 72 and 77%. The lyophilized
latex demonstrated the poorest overall wound healing
efficacy (59%), which was worse even than that of the
glycerin placebo (Table-1).

Wound healing efficacy (carboxymethylcellulose
vehicle)

The tensile strengths of the wounds were mea-
sured in the second set of mice comprising two exper-
imental groups (1% and 5% aqueous latex fraction in
carboxymethylcellulose). The wound healing effica-
cies of each were 72% and 84%, respectively; these
percentages closely resembled those of the placebo
and positive control, but lower than that of the aque-
ous latex fraction in glycerin (Table-2).

Histology of skin samples

In untreated and healthy skin, we observed that
the collagen fibers beneath the epidermis were com-
pact, well-organized, and wavy, with moderate cel-
lularity, well-conserved hair follicles, and sebaceous
glands in the deep dermis. Conversely, in the skin of
the positive control mice treated with A-Derma®, col-
lagen was less abundant and organized into thicker
fibers, whereas the cellular cytoplasm had strong
red staining, presumably due to the activation and

Table-1: Tensile strengths of the wounds using glycerin as vehicle.

Group Force in grams The percentage of wound healing (%)
Intact skin 2205 100

Positive control 175+20 79.5

Placebo (glycerin) 160+15 72.7

5% aqueous latex fraction/glycerin 215+10 97.7

5% chloroform latex fraction/glycerin 2055 93.1

5% ethyl acetate latex fraction/glycerin 160+10 72.7

5% whole latex/glycerin 170+£10 77.2

5% lyophilized latex/glycerin 13010 59

On the 22 day after treatment, the mice were euthanized, and the tensile strengths of the wounds were determined

Table-2: Tensile strengths of the wounds using carboxymethylcellulose as vehicle.

Group Force in grams The percentage of wound healing (%)
Intact skin 220+5 100
Positive control 175+20 79.5
1% aqueous latex fraction /carboxymethylcellulose 16010 72.7
5% aqueous latex fraction/ carboxymethylcellulose 1855 84
Placebo (carboxymethylcellulose) 160+£15 72

On the 22M day after treatment, the mice were euthanized, and the tensile strengths of the wounds were determined
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Day 1

Day 10

Day 15

Day 20

Figure-1: The visual aspect of the progression of wound healing. The wounds were topically treated every 24 h with the
respective extracts for 22 days. The progression of wound healing in the mice was recorded at 1, 5, 10, 15, and 20 days.

presence of myofibroblasts. In addition, the hair
follicles had recovered. In the placebo group treated
with glycerin, the appearance of collagen resembled
that of normal skin except for reduced cellularity in
the dermis, but we noted that the hair follicles were
less evident than in the positive control and untreated
skin. In the group treated with 5% aqueous latex frac-
tion in carboxymethylcellulose, collagen fibers were
less abundant, but hair follicles were present. Finally,
the epidermis, and the dermis displayed organized
reepithelialization with hair follicles and glands such
that it resembled normal skin in groups treated with
5% aqueous latex fraction or 5% chloroform latex
fraction in glycerin, (Figure-2).

Chemical screening by thin-layer chromatography
Thin-layer chromatography analysis revealed
the presence of flavonoids, alkaloids, and terpenes
in whole latex. When we analyzed the fractions sep-
arately, terpenes and alkaloids were detected in the
aqueous fraction, while in the chloroform fraction had
terpenes but not flavonoids or alkaloids (Figure-3).

Discussion

Wound healing depends on the intricate and
complex collaborative activity of several cell types,
including keratinocytes, fibroblasts, endothelial cells,
immune cells, white fat cells, and tissue-specific
stem cells. Reticular fibroblasts move from deeper
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layers of the skin to initiate reepithelialization, thereby
producing thick well-organized collagen fibers,
whereas papillary fibroblasts stimulate new hair folli-
cles by inhibiting Wnt/B-catenin signaling and conse-
quent fibrosis [21]. In addition, dermal white adipose

5% latex aqueous-glycerin

5% latex chloroform-glycerin

[

Placebo Glycerin

4 I
Positive control

=
S—
s,

Figure-2: Histology findings in skin wound healing. Skin
tissue specimens were extracted from the wound sites
and immediately fixed in 10% buffered formaldehyde,
embedded in paraffin, sliced into sections 4 um thick, and
stained with hematoxylin-eosin and Masson’s trichrome.

tissue and adipogenesis can help recruit fibroblasts to
the wound site, favoring wound closure, and the regen-
eration of hair follicles. Finally, myofibroblasts, con-
tractile collagen-secreting cells, are activated during
the wound healing process, and their precursor cells
comprise fibroblasts, endothelial, and epithelial cells.
Excessive stimulation can result in fibrosis, while
insufficient stimulation can delay wound healing [22].

In this context, we macroscopically observed
that mice treated with aqueous latex fraction and
A-Derma® (positive control) had similar rates of heal-
ing and extents of wound closure, but hair growth was
more abundant in the aqueous latex fraction group
than in the positive control. The other latex extracts, as
well as whole unfractionated latex, exhibited weaker
efficacy in wound healing. These data suggest that
phytochemicals with wound healing activity are more
abundant and concentrated in the aqueous fraction.

In a previous study, we found that J. gaumeri
latex demonstrated analgesic and anti-inflammatory
activity in patients with buccal ulcers [20]. We have
now also demonstrated the wound healing effects of
J. gaumeri latex in a murine model. To date, the phy-
tochemical composition of J. gaumeri latex and its
medicinal activities have not been extensively studied;
however, several published papers have demonstrated
the antimicrobial, anti-inflammatory, wound healing,
angiogenic, coagulant, and anticoagulant effects of
other Jatropha species [6-8,10,11,16,17,23]. There
is no doubt that the lattices of Jatropha species have
broad spectra of activity that deserves further research
to elucidate the active phytochemicals involved.

The wound healing and reepithelialization at the
histological level in mice treated with aqueous latex
fraction produced results that closely resembled that
of healthy skin in terms of the appearance of collagen,
the regeneration of hair follicles, and cellularity in the
dermis, which showed organized epithelialization.
On the other hand, the positive control and placebo
groups had wound sites that resembled healthy skin
but with less collagen organization and progression
of new hair follicles. In addition, whole latex and the
ethyl acetate latex fraction resulted in delayed wound
healing, and reepithelialization was still in progress at
the end of the experiment. We made the significant
observation that mice treated with extracts in glycerin

A Control elution system

st L O S0 B Flavonoids

2 A i 2 Lo T R

Figure-3: Thin-layer chromatography. Lane 1 whole extract, lane 2 chloroform latex fraction, and lane 3 aqueous latex
fraction revealed with polyethylene glycol, Dragendorff’s reagent, and vanillin-sulfuric acid for flavonoids, terpenes, and

alkaloids, respectively.

Veterinary World, EISSN: 2231-0916

2512



Available at www.veterinaryworld.org/Vol.13/November-2020/30.pdf

instead of carboxymethylcellulose showed improved
wound healing, which indicates that the choice of
vehicle used may influence wound healing.

It should be noted that Masson’s trichrome is
limited in its ability to reveal the complexity of regen-
eration of injured skin at the cellular and molecular
levels; however, hypertrophic or keloid scars were not
observed in any treated group. Nonetheless, it is nec-
essary to use other tools, such as histochemistry and
molecular techniques, to elucidate the mechanism of
action of the latex’s wound healing effects. Although
there are few reports on the mechanism of action of
latex, two papers have recently described the infiltra-
tion and mobilization of CD68+ and CD34+ cells in
skin tissues treated with J. curcas Linn. latex [16,17].

Wound healing efficacy was assessed by mechan-
ically measuring the tensile strength of the wound and
expressing it as a percentage of that of healthy skin.
We observed that the wound healing efficacy in mice
treated with the aqueous latex fraction was 97%, sim-
ilar to that of healthy skin; these data agree with the
histologic and macroscopic observations. However, in
mice treated with the A-Derma® positive control, the
wound healing efficacy was 79%. Both the aqueous
latex fraction and positive control groups appeared
to have identical macroscopic features, but on fur-
ther analysis, the aqueous latex fraction yielded better
results. The mice treated with whole latex and ethyl
acetate latex extract experienced the worst results:
59% and 72% wound healing efficacy, respectively.
These data parallel the histological analysis and prog-
ress of reepithelialization.

Significantly, whole latex was less effective in pro-
moting wound healing than 5% aqueous latex fraction;
these data may suggest that the concentration and com-
position of phytochemical compounds are an import-
ant factor in promoting specific activity, as reported in
a study where whole undiluted J. curcas latex short-
ened the clotting time of blood but diluted latex pro-
longed it [10]. Similarly, diluted J. curcas latex has
been shown to have healing properties, but undiluted
latex has produced caustic lesions [8]. These findings
contrast with another study in which the latex of J.
neopauciflora Pax showed wound healing efficacy at
50%, 70%, and even 100% concentrations [15]; this
contrasts with the data of Salas et al. who reported
caustic lesions [8] and our results. In summary, the
above data suggest that the composition and concentra-
tion of phytochemicals can differ significantly among
the latex of different Jatropha species.

Finally, the composition analysis of the latex
and its fractions revealed flavonoids, alkaloids, and
terpenes in whole latex, while terpenes and alkaloids
were detected in the aqueous fraction, which exhib-
ited the best wound healing activity. Conversely,
only terpenes were found in the chloroform fraction,
which had poorer wound healing activity. According
to this broad analysis, it is likely that alkaloids were
the phytochemical compounds responsible for wound

healing activity because they were not detected in
the chloroform fraction. Although the composition of
latex is similar among Jatropha species, some phy-
tochemicals are present at lower concentrations or
completely absent depending on the specific Jatropha
species [10,15,24,25]. The differences in latex phy-
tochemical composition detected among different
published papers may suggest that composition is
dependent on the species of Jatropha species and the
sensitivity of the analytical techniques used.

Conclusion

J. gaumeri latex exhibited wound healing
activity in its aqueous fraction, with alkaloids likely
being the phytochemicals involved. When used in an
experimental model of wound healing, the resulting
collagen appearance, hair follicle density, and dermis
cellularity resembled normal healthy skin with orga-
nized epithelialization and without hypertrophy or
keloid structures.

Authors’ Contributions

VM and FL conceived and designed the study.
GM, JAL, and VH collected all samples. VM and
FL wrote and revised the manuscript. JAL,VH, and
GM performed data analysis and MCB performed the
examinations. All authors read, edited, and approved
the final manuscript.

Acknowledgments

The authors are thankful to Autonomous
University of Campeche, Mexico for providing facil-
ities to carry out the present project. The authors
would like to thank the staff at Odontology, Faculty
and Biomedical Research Center, Mexico, for pro-
viding technical supports. The authors did not receive
any funds for this study. The authors sincerely thank
Cynthia Vianey for her technical assistance.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Sabandar, C.W., Ahmat, N., Jaafar, F.M. and Sahidin I.
(2013) Medicinal property, phytochemistry and pharmacol-
ogy of several Jatropha species (Euphorbiaceae): A review.
Phytochemistry, 85: 7-29.

2. Lioglier, H.A. (1990) Plantas Medicinales de Puerto Rico
y del Caribe. Iberoamericana de Ediciones Inc., San Juan
Puerto Rico.

3. Mongkolvisut, W., Sutthivaiyakit, S., Leutbecher, H.,
Mika, S., Klaiber, 1., Méller, W., Rosner, H., Beifuss, U.
and Conrad, J. (2006) Integerrimides A and B, cyclic hep-
tapeptides from the latex of Jatropha integerrima. J. Nat.
Prod., 69(10): 1435-1441.

4, Flores, J.S. and Vermont, R. (1996) The Secretions and

Veterinary World, EISSN: 2231-0916

2513



Available at www.veterinaryworld.org/Vol.13/November-2020/30.pdf

10.

11.

12.

13.

14.

15.

exudates of plants used in mayan traditional medicine. J.
Herb. Spices Med. Plants, 4(1): 53-59.

Gupta, M.P., Monge, A., Karikas. G.A., Lopez de Cerain, A.,
Solis, P.N., De Leon, E., Trujillo, M., Suarez, O., Wilson, F.,
Montenegro, G., Noriega, Y., Santana, A.IL., Correa, M. and
Sanchez, C. (1996) Screening of panamanian medicinal

Almanza-Perez, J.C., Nieto-Yafiez, O., Olivares-
Sanchez, J.M., Duran-Diaz, A., Rodriguez-Monroy, M.A.
and Canales-Martinez, M.M.J. (2017) Antimicrobial and
anti-inflammatory activities, wound-healing effectiveness
and chemical characterization of the latex of Jatropha neo-
pauciflora Pax. J Ethnopharmacol, 204: 1-7.

plants for brine shrimp toxicity, crown gall tumor inhibition, 16. Salim M.N., Masyitha, D., Harris, A., Balqis, U.,
cytotoxicity and DNA intercalation. /nt. J. Pharmacogn., Iskandar, C.D., Hambal, M. and Darmawi, M. (2018) Anti-
34(1): 19-27. inflammatory activity of Jatropha curcas Linn. latex in
Kosasi, S., Hart, L. A., Van Dijk, H. and Labadie, R.P. (1989) cream formulation on CD68 expression in mice skin wound
Inhibitory activity of Jatropha multifida latex on classical Vet. World, 11(2): 99-103.
complement pathway activity in human serum mediated by 17. Balgis, U., Darmawi, Iskandar, C.D. and Salim, M.N.
a calcium-binding proanthocyanidin. J. Ethnopharmacol., (2018) Angiogenesis activity of Jatropha curcas L. latex in
27(1-2): 81-89. cream formulation on wound healing in mice. Vet. World,
Nath, L.K. and Dutta, S.K. (1991) Extraction and purifica- 11(7): 939-943.
tion of curcain, a protease from the latex of Jatropha curcas 18.  Sanchez-Medina, A., Garcia-Sosa, K., May-Pat, F. and
Linn. J Pharm Pharmacol., 43(2): 111-114. Pena-Rodriguez, L.M. (2001) Evaluation of biological
Salas, J., Tello, V., Zavaleta, A., Villegas, L., Salas, M., activity of crude extracts from plants used in Yucatecan
Fernandez, I. and Vaisberg, A. (1994) Cicatrization effect of traditional medicine part I. antioxidant, antimicrobial and
Jatropha curcas latex (Angiospermae: Euforbiaceae). Rev. beta-glucosidase inhibition activities. Phytomedicine, 8(2):
Biol. Trop., 42(1-2): 323-326. 144-151.
Van den Berg, A.J., Horsten, S.F., Kettenes-van den 19. Can-Aké, R., Erosa-Rejon, G., May-Pat, F., Pefa-
Bosch, J.J., Beukelman, C.J., Kroes, B.H., Leeflang, B.R. Rodriguez L. and Peraza-Sanchez, S. (2004) Bioactive ter-
and Labadie, R.P. (1996) Podacycline A and B, two cyclic penoids from roots and leaves of Jatropha gaumeri. Rev.
peptides in the latex of Jatropha podagrica. Phytochemistry, Soc. Quim. Méx., 48(1): 11-14.
42(1): 129-133. 20. Pérez, F.L., Olivares, S.P., Alvarez, R.M., Ancona-Leon, G.,
Osoniyi, O. and Onajobi, F. (2003) Coagulant and anticoagu- Macedo, V. and Monteodn, V. (2019) Evaluation of Jatropha
lant activities in Jatropha curcas latex. J. Ethnopharmacol., gaumeri latex in bucal ulcers: Toxicological profile, phyto-
89(1): 101-115. chemical and antioxidant. Res. J. Pharm. Biol. Chem. Sci.,
Urs, A.P., Rudresha, G.V.,, Manjuprasanna, V.N., 10(3): 224-234.
Suvilesh, K.N., Gowda, M.D.M., Yariswamy, M., 21. Reinke, J.M. and Sorg, H. (2012) Wound repair and regen-
Hiremath, V., Ramakrishnan, C., Savitha, M.N., eration. Eur. Surg. Res., 49(1): 35-43.
Jayachandra, K., Sharanappa, P. and Vishwanath, B.S. 22.  Rippa, A.L., Kalabusheva, E.P. and Vorotelyak, E.A. (2019)
(2019) Plant latex thrombin-like cysteine proteases alleviate Regeneration of dermis: Scarring and cells involved. Cells,
bleeding by bypassing factor VIII in murine model. J. Cell 8(6): 607.
Biochem., 120(8): 12843-12858. 23.  Oluwasina, 0.0., Ezenwosu, LV., Ogidi, C.O. and
Welé, A., Baragueye, C., Ndiaye, W., Fall, D., Ndoye, I., Oyetayo, V.O. (2019) Antimicrobial potential of tooth-
Diop, Y., Dubosq, L. and Bodo, B. (2007) Cytotoxic activ- paste formulated from extracts of Syzygium aromaticum,
ity of two cyclic peptides from the latex of Jatropha inte- Dennettia tripetala, and Jatropha curcas latex against some
gerrima Euphorbiaceae. Dakar Med., 52(3): 209-215. oral pathogenic microorganisms. AMB Express, 9(1): 20.
Altei, W.E., Picchi, D.G., Abissi, B.M., Giesel, G.M., 24,  Sharma, AK., Gangwar, M., Kumar D., Nath, G.,
Flausino, O. Jr., Reboud-Ravaux, M., Verli, H., Crusca, E. Sinha,A.S.S. and Yamini Tripathi, Y.B. (2016) Phytochemical
Jr., Silveira, E.R., Cilli, E.M. and Bolzani, V.S. (2014) characterization, antimicrobial activity and reducing poten-
Jatrophidin I, A cyclic peptide from Brazilian Jatropha cur- tial of seed oil, latex, machine oil and press cake of Jatropha
cas L.: isolation, characterization, conformational studies curcas. Avicenna J. Phytomed., 6(4): 366-375.
and biological activity. Phytochemistry, 107: 91-96. 25. de Almeida, PM., de Sousa Araujo, S., Marin-
Ramalho, S.D., Pinto, M.E.F., Ferreira, D. and Bolzani, V.S. Morales, M.A., Benko-Iseppon, A.M. and Brasileiro-
(2018) Biologically active orbitides from the Euphorbiaceae Vidal, A.C. (2015) Genotoxic potential of the latex from
family. Planta Med., 84(9-10): 558-567. cotton-leaf physicnut (Jatropha gossypiifolia L.). Genet.
Hernandez-Hernandez, A.B., Alarcon-Aguilar, F.J., Mol. Biol., 38(1): 93-100.

sfeoskeskoskoskoskoskok

Veterinary World, EISSN: 2231-0916

2514



