An Overview of the Osteogenic potential of Indian herb Cissus quadrangularis (Veldt Grape)
SEEJPH  SEEJPH Volume XXV S1, 2024, ISSN: 2197-5248; Posted: 05-11-2024

Ramalingam Mathangi'*, Nalini Devarajan?, U. Damel Lakshmi?®

! Department of Biochemistry, Sree Balaji Dental College and Hospital Bharath Institute of Higher Education and Research Chennai,
Tamilnadu, India. Email: mathangibiochem@gmail.com

2 Central Research laboratory, Meenakshi Institute of Higher Education and Research (MAHER) Chennai, Tamilnadu, India.

3 Department of Physiology, Sree Balaji Dental College and Hospital Bharath Institute of Higher Education and Research Chennai,
Tamilnadu, India

*Corresponding Author: Ramalingam Mathangi

KEYWORDS  ABSTRACT

Bone, Cissus Cissus quadrangularis (CQ) is a widely known herb in India and southern part of India in particular. The
quadrangularis, bone healing ability of CQ is outlined in Ayurvedic medicine and other ancient medical texts. Bone loss in
mandibular bone, elderly especially osteoporosis is a public health problem across the globe. Bioactive molecules present in
osteoblast medicinal plants like CQ helps not only in bone healing but also in improving overall health. CQ is suggested

as a plant herb in treatment of bone fractures and bone loss as it is safe or usage and side effects are not
identified so far.

However, research on the effect of CQ in humans are few and far. This review attempts to give a clear picture
on the available literature that describes the osteogenic role of CQ in improving bone health and healing
fractures in general and maxillofacial fractures in particular. Also, the role of CQ in green synthesis of bone
scaffolds and its osteogenic potential in regeneration of bone using scaffolds are also discussed.

1. Introduction

Cissus gquadrangularis (CQ) also known as Veldt grape is a climbing tendril belonging to the Vitaceae family.
The plant is widely distributed throughout tropical and subtropical regions of the world such as India, Sri Lanka,
South Africa, Thailand, Java and Philippines. It grows well in hotter climate. The plant is widely used in Asia
and Africa for its medicinal property?.

The plant is known as Harishankar or Hadjod in Hindi means ‘that which joins the bones’, Due to its bone
ligation properties, the plant is referred to as ‘ Asthisamharaka’ in Sanskrit 2. CQ is known as ‘pirandai’ in Tamil.

CQ is widely studied for its phytochemical constitution, pharmacological activities and toxicological evaluation.
It has been proved safe and effective according to Grades of Recommendations Assessment Development and
Evaluation (GRADE) in the treatment of bone fractures, haemorrhoids and body weight reduction®.

The entire parts of the plant viz root, stem, and leaves have been cited in both Ayurvedic and Unani systems for
its medicinal values. More specifically the stem extracts of CQ are traditionally used for treatment of bone
fracture, piles, chronic ulcers, asthma, scurvy, irregular menstruation, constipation and blindness. There are also
many available literatures that discusses the medicinal role of CQ in bone formation and fracture healing *.
This review focuses the osteogenic potential of CQ in healing of fractured bone, bone mineralisation with
respect to systemic, mandibular and alveolar bone. In addition, this review discusses the role of CQ in
biomaterials used in bone tissue repair and regeneration.

2. Bioactive Components of CQ.

The major constituents found CQ are ascorbic acid, carotene A, ketosteroid, triterpenoids, unsymmetric
tetracyclic triterpenoids along with B-sitosterol, p-amyrin, and B-amyrone. In addition, it also contains
flavonoids, phytosterols, resveratrol, piceatannol, pallidol, parthenocissine, quadragularins and water-soluble
glycosides. The unique chemical constituents of CQ are -novel flavonoids and indanes, as well as phytosterols
and keto-steroids that have shown promise as powerful and efficient antioxidants® .These substances improve
healing by releasing Transforming Growth Factor(TGF)?.

In addition to the bioactive phyto components CQ also contains high amount of vitamin C, vitamin A, anabolic
steroidal substances, and calcium. The steroidal substances from CQ showed marked influence on early
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regeneration of all connective tissue of mesenchymal origin, and thereby, improve bone formation and healing
10

CQ is also a source of minerals including potassium calcium, zinc, sodium, iron, lead, cadmium, copper and
magnesium?2, The stem extracts contain rich amounts of calcium and phosphorus®*

3. Osteogenic Potential of Cissus quadrangularis

CQ is widely known for its osteogenic potential and ability to heal bone fractures by promoting bone formation.
Osteogenic modulators play a key role in osteogenesis, that is bone formation. Osteogenic modulators such as
Quercetin, resveratrol. *Kaemferol, Fatty acid methyl esters, steroids, phytols, triterpenes and osteogenic
polyphenols are rich in CQ. These components synergistically promote bone formation®®

Active constituents of Cissus quadrangularis may stimulate the proliferation and differentiation of mesenchymal
cells and promote new bone formation through the WntLRP5-B-Creatnin signalling pathway of pre-osteoblast
formation.CQ extracts stimulate the cells of mesenchymal origin, namely the fibroblasts, chondroblasts and
osteoblasts that have a greater impact on osteoblastic proliferation?®.

In addition to osteoblastic proliferation CQ enhances bone mineralisation 1 as it increases the deposition of
mucopolysaccharides which preludes bone formation®®. CQ builds up the skeletal architecture of the fractured
bone, namely its mucopolysaccharides, collagen, phosphorus, calcium, and others. CQ not only causes the
greater accumulation of mucopolysaccharides but also an early disappearance of mucopolysaccharides from the
fractured area, associated with the earlier calcification and firm callus formation.®

Furthermore, the role of CQ in preventing loss of bone and enabling thickening of trabecular and corticular bone
in ovariectomised rats is reported by Jameela et al 2° Specifically, CQ plays a significant role in mineralization
of corticular bone. CQ is used to treat various bone disorders and can also be used as a preventive measure for
disorders that lead to decreased bone mineral density

In ovariectomized rats, it was found that CQ increases apoptosis of osteoclasts thereby preventing boneloss.
The same study has also reported the ability of CQ in converting procollagen to collagen?. A study done by
Potu et al supplementing 500mg/kg of CQ powder on ovariectomized female has reported increase in the
thickness of corticular bone®,

Another study involving ethanolic extract of CQ has shown increased osteoblastic activity enabled through
MAPKinase pathway?.

With respect to osteogenic potential of CQ in humans much literature is not available.An invitro study by
Kanwar et al on human chondrocytes has reported osteoprotective effects of CQ, via the inhibition of P38
MAPK pathway by upregulating survivin 2.

Human studies with respect bone mineralisation and healing of fractures by CQ are far and few. Human trials
have also shown anti osteoporotic effect with the same.*® In an invitro study with human osteoblast cell lines
ethanolic extract of CQ was found to increase RunX2 expression and ALP levels in mouse osteoblasts. 3!

A study carried out by Mishra et al,2010 has shown a 53% reduction in fracture healing on external application
of CQ paste *2. A study by Singh et al using a formulation called osteoseal, that contains CQ, Asparagus and
Moringa in the ratio 4:1:2, is shown to hasten the rate of mandibular fracture healing .

The 3 ketosteroid present in CQ is osteogenic in nature and acts on estrogen receptor o the bone cell 4. Also,
the ketosreroid has antagonistic property of glucocorticoid receptor and helps in maintaining bone health *.

Furthermore, Phyto steroids found in CQ are found to be precursor of vitamin D3. Along with this the saponins
present in CQ have been reported to affect the permeability of the small intestinal mucosal cells due to its strong
surface-active properties and thus have an effect on active nutrient transport ¢, which includes easy absorption
of dietary calcium through the enterocytes.

4. Anti osteoporotic potential of Cissus quadrangularis

A study by Guerra et al in ovariectomized rats have shown improvement in microarchitecture of long bone
following the administration of CQ extracts, suggesting CQs potential role in treating post-menopausal
osteoporosis?®. One of the phyto constituents, 6-O trans cinnamoyl in CQ is found to have anti osteoporotic
activity?’.
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Besides, phytoestrogen component of CQ upon oral administration was shown to increase bone density in
ovariectomized rats radiographically as well as histologically 2. Petroleum ether derived CQ extracts also
decreased osteoclast activity in ovariectomised rats?>?® The anti-osteoporotic effects were further confirmed by
using ethanolic extracts showing an increase in bone strength in ovariectomized rats 2

In dentistry, experiments are done to test the ability of CQ to heal Maxillofacial fractures.The maxillofacial
fractures take at least 12—16 weeks to heal. A study by Nayak et al have shown an increase in the expression of
biochemical markers of bone formation and increased callus formation when CQ was used as an adjunct to treat
mandibular fractures

Cissus quadrangularis is rich in vitamin C and beta-carotene. a study in 9 people observed that taking 500 mg
of Cissus quadrangularis 3 times per day for 6 weeks helped speed the healing of fractured jaw bones. It also
appeared to reduce pain and swelling. CQ was reportedly shown to increase bone density in distracted area on
mandibular alveolar bone facilitating implant installation.*’CQ (500mg) capsules was found to improve healing
of bone, pain and inflammation in maxillofacial fractures

With the available evidence CQ is considered as a potent component to treat mandibular fractures. The role of
CQ in PDL regeneration of intra bony periodontal defects has been evaluated in association with hydroxyapatite
bone filler . The same author has also mentioned the use of CQ as a biomaterial in dentistry.

Still deeper research is the needed to elucidate the use of CQ in dentistry and to understand the potential role of
CQ in oral health.

5. Osteogenic potential of Cissus quadrangularis in bone regenerative scaffold

Although the bioactive components of CQ have a wider osteogenic potential its applicability is found to be
limited due its poor solubility in aqueous solution. Therefore, modern bioengineering methods are exploring the
uses of nano delivery of bioactive components of CQ.

Bone replacement generally involves autogenic and allogenic bone grafts. Bone replacement scaffolds
especially, 3D printed calcium and phosphorus-based bone scaffolds are used in recent times. To improve the
efficiency, scaffolds are impregnated with bioactive molecules to enable better healing of the bone tissue. CQ
extracts are also used in this regard to enhance osteogenesis.

A study using carageen based injectable hydrogel with CQ has shown it to be a good biocompatible scaffold
with anti-microbial activity at 20% concentrations of CQ extract .

Another study by Jain et al has shown that combination of CQ with bovine graft was efficient in periodontal
bone regeneration it was not statistically significant 4

The osteogenic potential of CQ in bone composites are also explored. CQ filled composite containing
gelatin,Pectin and B tricalcium phosphate has shown increased osteogenesis by activating RUNX2 and
osteocalcin genes in vitro in human Bone Marrow stem cell lines.**CQ used in the green synthesis of Novel
Europium-Doped-Monetite Calcium Phosphate has shown increased osteogenic potential in vitro in human
osteoblast-like cells.*?

6. Conclusion

Bone formation is a complex process that requires the proper microenvironment and supply of nutrients such as
vitamin C, minerals, mucopolysaccharides in addition to calcium, phosphorus, anabolic steroids and Vitamin
D3. Maintaining a good bone health and healing of bone lesions is a public health problem involving a huge
cost. With the increase in geriatric population across the world there is a growing interest in phytochemical
prospecting to treat and cure bone disorders. CQ is complete in this aspect and its bone healing property due to
the abundance of phytosterols and flavonoids, further enhanced by the presence of minerals and other
nutraceutical substances in its bioactive components. CQ extracts and its osteogenic potential is principally
studied in mouse model and invitro in human cell lines. The available literature gives promising insights in to
the larger potential of CQ in disorders associated with the bone. Further research in human subjects would
enable much larger and significant application of CQ as a natural product, biomaterial or its derivative in bone
healing in general and alveolar bone in particular.

Conflict of interest: The authors declare no conflict of interest.

2212 |Pag



An Overview of the Osteogenic potential of Indian herb Cissus quadrangularis (Veldt Grape)
SEEIPH  SEEIPH Volume XXV S1, 2024, ISSN: 2197-5248: Posted: 05-11-2024

Acknowledgement NIL

Funding This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.
Authorship contribution statement

Mathangi. R: Conceptualization, Methodology, Investigation, Writing — original

draft, Dr. Damel Lakshmi and Nalini Devarajan: writing review and editing.

References:

[1] BafnaP S, Patil PH,Maru S K, Mutha RE. Cissus quadrangularis L: A comprehensive multidisciplinary review. Journal
of Ethnopharmacology 2021, 279, 114355. 10.1016/j.jep.2021.114355.

[2] Sivarajan VV, Balachandran I. Ayurvedic drugs and their plant sources. New Delhi: Oxford and India Book House
Publishing Co. Pvt. Ltd; 1994;496.

[3] Sawangjit R, Puttarak P, Saokaew S, Chaiyakunapruk N. Efficacy and Safety of Cissus quadrangularis L. in Clinical Use:
A Systematic Review and Meta-analysis of Randomized Controlled Trials. Phytotherapy Res .2017;31: 555-567.

[4] The Wealth of India, A Dictionary of Indian Raw Materials and Industrial Products. The Indian Medical Gazette, 1949;
84: 476-477.

[5] Sanyal, A., Ahmad, A., Sastry, M.Calcite growth in Cissus quadrangularis plant extract, a traditional Indian bone-healing
aid. Current science.2005;1742-1745.

[6] Mishra, G., Srivastava, S., & 3. Nagori, B. P.. Pharmacological and therapeutic activity of Cissus quadrangularis: an
overview. International journal of pharmtech research.2010; 2(2), 1298-1310.

[7] Camil, R.M., Lokesh, R. A review of Cissus quadrangularis L. as herbal Medicine. Indian J Nat Prod Rsour.2020;
11(30):155-164

[8] Adesanya, S.A., Nia, R., Martin, M.T., Boukamcha, N., Montagnac, A., Pais, M., 1999. Stilbene derivatives from Cissus
quadrangularis. J. Nat. Prod. 62, 1694-1695. https://doi.org/10.1021/np9902744.

[9] Sarkar BK, Kumar R, Kumar V, Reeta, Pal S, Krishna CM, et al. Antimicrobial and phytochemical evaluation of cissus
quadrangularis I. ljapr. 2018; 6:24-28.

[10] Mohammad S, Pal US, Pradhan R, Singh N. Herbal remedies for mandibular fracture healing. Natl J Maxillofac Surg.
2014; 5:35-8

[11] Mehta M, Kaur N, Bhutani KK. Determination of marker constituents from Cissus quadrangularis Linn. and their
quantitation by HPTLC and HPLC. Phytochemical Analysis. 2001; 12: 91-95.

[12] Sundaran J, Begum R, Vasanthi M, Kamalapathy M, Bupesh G, Sahoo U. A short review on pharmacological activity of
Cissus quadrangularis. Bioinformation. 2020: 33214745; PMCID: PMC7649020.

[13] Sanyal A, Ahmad A, Sastry M. Calcite growth in Cissus quadrangularis plant extract, a traditional Indian bone-healing
aid. Curr Sci. 2005; 89:1742-1745.

[14] Gupta, A.K., Sharma, M., 2008. Cissus quadrangularis L. Rev. Indian Med. Plants 6, 410-411.

[15] Pathomwichaiwat T, Ochareon P, Soonthornchareonnon N, Ali Z, Khan IA, Prathanturarug S. Alkaline phosphatase
activity—guided isolation of active compounds and new dammarane-type triterpenes from Cissius quadrangularis hexane
extract. J Ethnopharmacol. 2015; 160:52-60.

[16] Nayak, Tulasi, and R. Keerthi. An Assessment of the Osteogenic Potential of Cissus quadrangularis in Mandibular
Fractures: A Pilot Study. Journal of maxillofacial and oral surgery 2020; 19(1):106-112.

[17] LM. Singh and K NUdupa. Studies on “Cissus quadrangularis” in fracture by using phosphorus 32. I11,” Indian Journal
of Medical Sciences. 1962; 16;926-931.

[18] Irving JT. Theories of mineralization of bone. Clinical Orthopaedics and Related Research.1973; 97;225-236.

[19] Justin SR, Baby J. Pharmacognostic and traditional properties of Cissus quadrangularis Linn — An overview. Int J Pharm
Bio Sci. 2011; 2:131-9.

[20] Jameela Banu,Erika Varela, Ali N. Bahadur, Raheela Soomro, Nishu Kazi, Gabriel Fernandes.Inhibition of Bone Loss

2213 |Pag



An Overview of the Osteogenic potential of Indian herb Cissus quadrangularis (Veldt Grape)
SEEIPH  SEEIPH Volume XXV S1, 2024, ISSN: 2197-5248: Posted: 05-11-2024

by Cissus quadrangularis in Mice: A Preliminary Report.journal of osteoporosis.Journal of osteoporosis. 2012.

[21] Potu, Bhagath Kumar, et al. Petroleum ether extract of Cissus quadrangularis (Linn.) enhances bone marrow
mesenchymal stem cell proliferation and facilitates osteoblastogenesis. Clinics 2009;64.10: 993-998.

[22] Ruangsuriya, J., Charumanee, S., Jiranusornkul, S. et al. Depletion of B-sitosterol and enrichment of quercetin and rutin
in Cissus quadrangularis Linn fraction enhanced osteogenic but reduced osteoclastogenic marker expression. BMC
Complement Med Ther 2020; 20:105 (2020). https://doi.org/10.1186/s12906-020-02892-w

[23] Potu, Bhagath Kumar, et al. Anti-osteoporaotic activity of the petroleum ether extract of Cissus quadrangularis Linn. in
ovariectomized Wistar rats. Chang Gung Med J 2010; 33(3): 252-7.

[24] Parisuthiman D, Singhatanadgit W, Dechatiwongse T, Koontongkaew S. Cissus quadrangularis extract enhances bio
mineralization through up-regulation of MAPK-dependent alkaline phosphatase activity in osteoblasts. 2011. In vitro
Cell Devel-Animal 45: 194-200

[25] Kanwar JR, Samarasinghe RM, Kumar K, Arya R, Sharma S, Zhou SF, Sasidharan S, Kanwar RK. Cissus quadrangularis
inhibits IL-1B induced inflammatory responses on chondrocytes and alleviates bone deterioration in osteotomized rats
via p38 MAPK signalling. Drug Des Devel Ther. 2015 5; 9:2927-40. doi: 10.2147/DDDT.S77369

[26] Guerra JM, Hanes MA, Rasa C, Loganathan N, Innis-Whitehouse W, Gutierrez E, Nair S, Banu J. Modulation of bone
turnover by Cissus quadrangularis after ovariectomy in rats. J Bone Miner Metab. 2019;37(5):780-795. doi:
10.1007/s00774-018-0983-3.

[27] Kumar M, Rawat P, Dixit P, et al. 2010a. Anti-osteoporotic constituents from Indian medicinal plants. Phytomedicine
.2010; 17(13): 993-999.

[28] Aswar UM, Mohan V, Bodhankar SL. Antiosteoporotic activity of phytoestrogen-rich fraction separated from ethanol
extract of aerial parts of Cissus quadrangularis in ovariectomized rats. Ind J Pharmacol .2012.44: 345-350

[29] Shirwaikar A, Khan S, Malini S, 2003. Anti osteoporotic effect of ethanol extract of Cissus quadrangularis Linn. on
ovariectomized rat. J. Ethnopharmacol. 89, 245-250.

[30] Gupta AK, Shah N, Thakar AB. Effect of Majja Basti (therapeutic enema) and Asthi Shrinkhala (Cissus quadrangularis)
in the management of Osteoporosis (Asthi-Majjakshaya) Ayu. 2012;33(1):110-113.

[31] Muthusami S, Senthilkumar K, Vignesh C, llangovan R, Stanley J, Selvamurugan N, Srinivasan N. Effects of Cissus
quadrangularis on the proliferation, differentiation and matrix mineralization of human osteoblast like SaOS-2 cells. J.
Cell. Biochem. 2011,112, 1035-1045. 10.1002/jcb.23016.

[32] Mishra G, Srinastava S, Nagori BP. Pharmacological and therapeutic activity of Cissus quadrangularis: an overview. Int
J PharmTech Res.2010; 2: 1298-1310.

[33] Singh V, Singh N, Pal US, Dhasmana S, Mohammad S, Singh N.Clinical evaluation of Cissus quadrangularis and
Moringa oleifera and Osteoseal as osteogenic agents in mandibular fraction. Natl J Maxillofac Surg.2011; 2: 13

[34] Kavitha S, Manimekalal G. A study on properties of Cissus quadrangularis plant-A review. Int J Res App Nat Soc
Sci.2015; 3: 15-18.
[35] Jadhav AN, Rafig M, Devanathan R, Azeemuddin M, Anturlikar SD, et al. Ketosteroid Standardized Cissus

quadrangularis L. Extract and its Anabolic Activity: Time to Look Beyond Ketosteroid?. Pharmacogn Mag.2016; 12:
S213-S217.

[36] Nayak.Lechner D, Bajna E, Adlercreutz H, Cross HS. Genistein and 17 - estradiol, but not equol, regulate vitamin D
synthesis in human colon and breast cancer cells. Anticancer Res 2006; 26:2597

[37] Altaweel, A.A., Baiomy, A.A.B.A., Shoshan, H.S. et al. Evaluation of osteogenic potential of Cissus quadrangularis on
mandibular alveolar ridge distraction. BMC Oral Health 2021; 21:491 (2021).

[38] Brahmkshatriya HR, Shah KA, Ananthkumar GB, Brahmkshatriya MH. Clinical evaluation of Cissus quadrangularis as
osteogenic agent in maxillofacial fracture: A pilot study. Ayu. 2015;36(2):169-73. doi: 10.4103/0974-8520.175542.

[39] Sairaman S, Nivedhitha MS, Shrivastava D, Al Onazi MA, Algarni HA, Mustafa M, Algahtani AR, AlQahtani N, Teja
KV, Janani K, Eswaramoorthy R, Sudhakar MP, Alam MK, Srivastava KC. Biocompatibility and antioxidant activity of
a novel carrageenan based injectable hydrogel scaffold incorporated with Cissus quadrangularis: an in vitro study. BMC
Oral Health. 2022 ;22(1):377. doi: 10.1186/s12903-022-02409-6.

[40] Jain A, Dixit J, Prakash D. Modulatory effects of Cissus quadrangularis on periodontal regeneration by bovine-derived
hydroxyapatite in intrabony defects: exploratory clinical trial. J Int Acad Periodontol. 2008 ;10(2):59-65.

[41] Liao L, Zhu W, Tao C, Li D, Mao M. Cissus quadrangularis L extract-loaded tricalcium phosphate reinforced natural
polymer composite for guided bone regeneration. J Mater Sci Mater Med. 2023;34(7):33. doi: 10.1007/s10856-023-
06739-x.

[42] Suresh N, Kaarthikeyan G. Green Synthesis and the Evaluation of Osteogenic Potential of Novel Europium-Doped-
Monetite Calcium Phosphate by Cissus quadrangularis. Cureus. 2024;16(4): €59202. doi: 10.7759/cureus.59202

2214 |Pag



