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Summary

In recent years, a no. of plants has been investigated and reported possessing medicinal
values, including plants from rutaceae family. Large body of evidence has accumulated
to demonstrate promising potential of rutaceae plants used in various traditional,
complementary and alternative systems. The present review aimed to compile data on
promising gastroprotective activity of plants or their parts from rutaceae family that
have been established against various disease models using modern scientific
methodologies and tools.
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Introduction

Any anatomical or physiological deviation within gastrointestinal tract (from
oesophagus to rectum) is termed as gastric disease. The various essential tasks are being
performed within the alimentary canal including administration, swallowing, disintegration or
degradation, absorption and elimination of waste products of food, drugs and other materials.
Sometimes problems such as; indigestion, constipation, emesis, gastric ulcer and
gastroesophageal reflux disease (GERD) may results due to various pathological as well as
biochemical factors.
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Common gastrointestinal diseases:

Ulcerations: Ulcerations in GI are associated with chronic use of anti-inflammatory
medications (NSAIDs; such as aspirin and indomethacin) !, Smoking **!, alcoholism
M improper diet 1), stress conditions ", and bacterial infections (H. Pylori). ®

e Gastroesophageal reflux disease: It is a chronic symptoms or mucosal damage
caused by stomach acid coming up from the stomach into the oesophagus. Main cause
is changes in the barrier between the stomach and the esophagus, including abnormal
relaxation of the lower esophageal sphincter, which normally holds the top of the
stomach closed, impaired expulsion of reflux from the esophagus, or a hiatal hernia.'”’

e Diarrhoea: Diarrhoea (loose motions) is the passage of 3 or more loose or liquid
stools per day, or more frequently than is normal for the individual.Diarrhoea is not
itself a disease, but can be a symptom of several diseases and sometimes may be
associated with abdominal pain, which may reduce after a stool is passed. Diarrhoea
occurs due to the irritation within the lining of small or large intestine, which leads
decrease water absorption hence increase in water being passed with stools. Many
factors such as food poisoning, infection (bacterial, viral, parasitic), food intolerance,
malnutrition, intestinal diseases and sometimes medications can contribute to
diarrhoea "%,

Vomiting: Evacuation of gastric contents through oral route is termed as vomiting or
emesis. The stomach almost turns itself inside out - forcing itself into the lower
portion of the esophagus during a vomiting episode. Vomiting results due to reflex
reaching upto the central nervous system that may arise from a bad odour, taste,
various illnesses and emotions (such as fear), pain, injury, infection, food irritation,
dizziness, motion and other changes in body like; eating disorder (anorexia and
bulimia), food poisoning, motion sickness (car sickness seasickness), vertigo, head
%121]juries gallbladder disease or appendicitis, migraine, brain tumour and infection.!'"

Reported gastroprotective activities of various plants from Rutacae family:

Rutaceae is a family of dicotyledonous of order Geraniales (Sapindales) having flowering
plants, edible fruit and also have values as ornamentals. The rutaceae are herbs or shrubs,
may be armed/unarmed, sometimes climbing but rarely perennial herbs and trees with
glandular punctate. From the available literatures it has been well established that the
different part of plants from rutaceae family have a no. of therapeutic propertiers, still an
approach is made here to compile reported gastroprotective activities of various plants or
their parts of rutaceae family. Some members from rutaceae family with reported
gastroprotective potential are discussed below;

Aegle marmelos:

e The oral administration of pyranocoumarin, isolated from Aegle marmelos seeds
showed significant gastro protective effect against pylorus ligated, aspirin induced
and stress-induced ulcerations in rats. The activity was further more confirmed against
stress induced ulcerations in guinea pigs. The result suggests that gastro-protective
effect was due to the mucosal defensive factor ! The same activity was again
assessed by Dhuley (2007), using unripe bael fruit extract against ethanol induced
gastric mucosal damage and found to cause significant defense in gastric mucosa !'¥.
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Later on, Verma et al. (2010) established the earlier work done on Aegle
marmelos using ethanol extract of root part in different animal models. The ethanol
extract administered orally, twice daily for 5 consecutive days at the doses of 200
mg/kg b.w. and 400mg/kg body weight, showed dose dependent ulcer healing
potential. The extract produced significant decrease in ulcer index, lipid peroxidation,
superoxide dismutase along with increased in catalase activity. (']

The antioxidant properties along with hepatoprotective potential of Aegle marmelos
have also been established. The oral administration of alcoholic extract of Aegle
marmelos showed significant protection of hepatic cells against CCly induced toxicity.
The protective effect was concluded due to free radical scavenging activity of the
extracts !'® In the same course of study, the hepatoprotective of the plant was
confirmed using ethanolic and aqueous extracts of leaf in mice against carbon
tetrachloride induced liver damage using silymarin as control. The inhibition of serum
glutamate oxaloacetate transaminase (SGOT), serum glutamate pyruvate transaminase
(SGPT) and alkaline phosphatase (ALP) level indicates hepatoprotective potential. !'”
Subsequently the same activity was confirmed evaluating TBARS (thiobarbituric acid
reacti\EIeg]substances), glutathione, glutathione peroxidise, SOD level, vitamin E and C
level.

The antidiarrheal potential have also been proved in dried unripe fruit pulp of Aegle
marmelos. The aqueous extract (decoction) significantly was found to reduce bacterial
adherence and invasion of HEp-2 cells along with reduction in binding of both labile
toxin 2[11%51 cholera toxin to ganglioside monosialic acid but had no effect on stable
toxin.

Bergamot orange (Citrus aurantium):

The essential oil extract of Bergamot orange have been investigated for its
hepatoprotective effect on carbon tetrachloride-induced hepatotoxicity in rats. A
significantly reduction in serum ALT level was observed, but AST level was
unaffected. The histopathological examination also revealed weak hepatoprotection
(20 Later on, the activity was confirmed against absolute ethanol and NSAID induced
toxicity in rats. The results indicate that gastro protective activity of the pant extract
was c[lﬁ]e to increase in gastric mucus production by conversing the basal PGE,
level.

Chloroxylon swietenia:

Hepatoprotective action of ethanol extract of Chloroxylon swietenia have been proved
in rats against acetaminophen induced hepatic injury. Conclusion was made due to
elevation in serum glutamate pyruvate transaminase (ALT), serum glutamate
oxaloacetate transaminase (AST), serum alkaline phosphatase (SALP) and total
bilirubin level.

Citrus aurantifolia:

Hepatoprotective activity of the Citrus aurantifolia has also been proved against
paracetamol induced hepatic damage.!*
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Citrus karna:

The ethyl acetate extract of Citrus karna peel have been evaluated for anti-
ulcerogenic property against water immersion and hypothermic restraint stress model
at different doses (200, 300 and 400 mg/kg, b.w) in Wistar rats. The collected data
established significant ulcer protective activity of the said plant as ulcerative index
and thiobarbituric acid reactive species level in blood and gastric tissue was found to
be decreased than normal.!**!

Citrus lemon:

The phytochemical analysis of Citrus lemon (CL) fruit bark essential oil indicate
presence of limonene (LIM) and B-pinene (PIN). The gastroprotective mechanism
activity along with mechanism of action of CL, LIM and PIN in ethanol and
indomethacin-induced gastric ulceration was evaluated along with its in vitro anti-
Helicobacter pylori activity. In ethanol model, CL and LIM demonstrated 100% of
gastroprotection, while PIN did not exert effective gastroprotection. Similar results
were found against indomethacin model. During in vitro studies, the minimum
inhibitory concentrations were 125 pug/ml, 75 pg/ml and 500 pg/ml for CL, LIM and
PIN respectively. The gastroprotective effect of CL and LIM was involved with
increasing in mucus secretion, HSP-70 and VIP, but not with GSH, NO or SH
compounds. CL gastroprotective mechanism was found to be involved with PGE,
synthesis. PIN did not present any gastroprotective activity. >

Citrus microcarpa:

The fruit peel extract of Citrus microcarpa have been investigated for
hepatoprotective activity in rats, evaluating changes in liver morphology and serum
liver enzyme levels such as; bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and alkaline phosphatase (AP). A decrease in ALT, AST and
AP levels proved hepatoprotective potential in Citrus microcarpa fruit. *°

Clausena dentate

Another plant of rutaceae family is Clausena dentata, whose hepatoprotective
capacity also have been established against acetaminophen induced hepatotoxicity in
rats. The Clausena dentata ethanol extract was found to normalize; level of

biochemical parameters, which were altered due to administration of acetaminophen
[27]

Clausena lansium:

The hepatoprotective action of some isolated compounds of Clausena lansium leaves
have been well established. They were find effective against CCly, thioacetamide and
acetaminophen induced toxicity in mice, as the serum transaminase level was found to
diminish in animals treated with these isolated compound. Along with this inhibition
in lipid peroxidation was also observed. ™
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Feronia elephantum:

Ulcer healing property of ethanolic extract of Feronia elephantum fruit pulp also have
been proved in albino rats. The extract was found to inhibit gastric acid secretion
along with increase in pH in indomethacin induced gastric ulceration model *°/.

Galipea longiflora:

The bark extract of Galipea longiflora have also been evaluated for the
gastroprotective activity in mice against NSAID, ethanol and stress-induced ulcer.
The effects of the extract on gastric content volume, pH and total acidity were also
evaluated, using pylorus ligated model. Galipea longiflora alkaloid extract at the three
doses (50, 125 and 250 mg/kg b.w.) significantly diminished the lesion index, total
lesion area, and percentage of lesion, in comparison with the negative control groups
in all the models evaluated. Regarding the model of gastric secretion, a reduction in
Volu[rslg]e of gastric juice and total acidity was observed, as well as an increase in gastric
pH.

Glycosmis pentaphylla:

The methanolic extract of Glycosmis pentaphylla also have been reported with
hepatoprotective activity against paracetamol induced toxicity in rats. Later on, the
activity was confirmed using ethyl acetate and methanolic extracts against carbon
tetrachloride induced hepatotoxicity.”*"

Limonia acidissima:

The alcoholic and aqueous extract of Limonia acidissima bark was found to create
inhibition of gastrointestinal motility, and also causing antidiarrhoeal effect in rats.
Beside these reduction in mean weight of facces was also observed. *%

Murraya koenigii:

Three carbazole alkaloid viz. kurryam, koenimbine and koenine were isolated from
Murraya koenigii seed extract, and were found to possess antidiarrhoeal property
against castor oil-induced diarrhoea and PGE,-induced enteropooling in rats.*

In another study, Murraya koenigii was found to containing antiulcer potency. The
aqueous extract was evaluated against NSAIDs and pylorus ligation induced ulcer
model in albino rats. The study data revealed that the extract at doses of 200 mg/kg
b.w. and 400 mg/kg produced significant inhibition of gastric lesions in both the
screening models, at the same time marked reduction in gastric volume, free and total
acidity and rise pH of gastric juice was observed in pylorus ligated rats. **!

Toddalia asiatica:

Investigation of alcoholic and aqueous extracts of Toddalia asiatica roots antioxidant
property was made, against CCly; induced oxidative stress in rats. A significantly
increase in reduced glutathione, proteins, antioxidant enzymes was observed along
with decreased lipid peroxidation. This shows that the free radical
scavenging/antioxidant activity of 7. asiatica roots may be responsible for its
therapeutic effect on tissue damage. 1*”
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Zanthoxylum armatum:

The administration of 500 mg/kg b.w. of ethanolic extract Zanthoxylum armatum of
leaves against CCls-induced hepatotoxicity in rats, was found to decrease serum
glutamyl oxalacetic acid transaminase (SGOT), serum glutamyl pyruvate
transaminase (SGPT), alkaline phosphatase (ALKP), and serum bilurubin (SBLN)
level alongwith liver inflammation, exhibiting hepatoprotective activity.*®

Zanthoxylum hyemale:

Beside all over the mentioned gastroprotective profile of plants or their parts from
rutaceae family, hydroalcoholic extract of Ruta chalepensis leavel®”  and ethanolic
extract of Zanthoxylum hyemale stem bark®® have been reported to possess
antispasmodic activity.

Conclusion

Occurrence of gastric problems or disorders is common in society, and have many

factors like dietary habits, life style and sometimes environmental also. The various
approaches have also been established for their treatment using chemical agents, but are not
strictly advisable due to their unwanted effects. The herbal products are continuously
growing recognition as a safe remedy for their management. On behalf of above said studies,
plants or herbs from rutaceae family can be recommended as a major source of natural drugs
with capability to restore gastric disorders.

References

. West GB. Testing for drugs inhibiting the formation of gastric ulcers. J Expt Biol,

1991; 28:562-565.

Desai JK, Goyal RK and Parmar NS. Pathogenesis of peptic ulcer diseases and
current trends in therapy. Ind J Physiol Pharmacol, 1997; 41(1):03-15.

Kyoji S, Jian HZ, Jack DB, Peter E, Oscar US, Kan L, Joseph WCL and Felix WL.
Cigarette smoke increases gastric ulcer size in part by an angiotensin II-mediated
mechanism in rats. Digestive Diseases and Sciences, 1997; 42:74-78.

Jamal A, Siddiqui A, Tajjudin and Jafri MA. A review of gastric ulcer remedies in
Unani system of Medicine. Nat Prod Rad, 2006; 5(2):153-159.

Dipero JT, Talbert RG, Yec GC, Matzke GR, Wells BG and Posey LM.
Pharmacotherapy A pathophysiologic Approach. 3rd edition: Norwalk appleton and
lange; 1997; 649-662.

Goodman, Gilman A, Brunton L, Parker K, Blumenthal D and Buxton I. The
pharmacological basis of therapeutics. 10th edition, McGraw hill medical publishing
division, 2001; 1005-1020.

Hase T and Moss B. Microvascular changes of gastric mucosa in the development of
sress ulcer in rats. Gastroenterology, 1973; 65(2): 224-34.

Brodie DA and Hanson HM. A study of the factors involved in the production of gastric
ulcers by the restraint technique”, Gastroenterology, 1960; 38(3): 353- 360.

Heidelbaugh JJ, Nostrant TT, Kim C, and Vanharrison R. Management of
gastroesophageal reflux disease, American family physician, 2003; 68 (7): 1311-1318.

782



Pharmacologyonline 3: 777-784 (2011) Newsletter Sharma et al.

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tripathi K.D. Essentials of medical pharmacology”, 5th edition, Jaypee brothers,
medical publishers (p) Itd., New Delhi, 2003; 615-623.

Miller AD. Central mechanisms of vomiting. Dig Dis Sci 1999; 44: 39-43.

Craig JB and Powell BL. The management of nausea and vomiting in clinical
oncology. Am Med Sci 1987; 293: 34-44

Goel RK, Maiti RN, Manickam and Ray AB. Anti-ulcer activity of naturally occuring
pyranocoumarin and isocoumarin and their effect on prostanoids synthesis using
human colonic mucosa. Indian J Exp Biol, 1997; 35:1080-1083.

Dhuley JN. Investigation on the gastroprotective and antidiarrhoeal properties of
Aegle marmelos unripe fruit extract. Hindustan Antibiot Bull, 2007, 41: 45-46.

Verma M. Investigation on antiulcer activity of Aegle marmelos root as experimental,
biochemical and histological study. J of Pharm Res, 2010; 3(10):2523-2528.

Khan TH and Sultana S. Antioxidant and hepatoprotective potential of Aegle
marmelos Correa. against CCl4-induced oxidative stress and early tumor events. J
Enzyme Inhib Med Chem, 2009; 24(2):320-327.

Kalaivani T, Premkumar N, Ramya S, Siva R, Vijayakumar V, Meignanam E,
Rajasekaran C and Jayakumararaj R. Investigations on hepatoprotective activity of
leaf extracts of Aegle marmelos (L.) Corr. (Rutaceae). Ethnobotanical Leaflets, 2009;
13: 47-50.

Singanan V, Singanan M and Begum H. The hepatoprotective effect of bael leaves
(Aegle marmelos) in alcohol induced liver injury in albino rats. Int. J. of Sci. & Tech.,
2007, 2(2): 83-92.

Brijesh S, Daswani P, Tetali P, Antia N and Birdi T. Studies on the antidiarrhoeal
activity of Aegle marmelos unripe fruit: Validating its traditional usage. BMC
Complementary and Alternative Medicine, 2009, 9:47.

Karaca M, Ilhan F, Altan H, Him A, Tutuncu M and Ozbek H. Evaluation of
hepatoprotective activity of Bergamot orange in rats. Eastern J of Medicine, 2009,
10:1- 4.

Moraes MT, Kushima H, Moleiro FC, Santos RC, Machado LRR, Marques
MO, Vilegas W, Limaet CH. Effects of limonene and essential oil from Citrus
aurantium on gastric mucosa: Role of prostaglandins and gastric mucus secretion.
Chemico-Biol Interaction, 2009; 180(3): 499-505.

Palani S, Raja S and Senthil BK. Hepatoprotective and antioxidant potential of
Chloroxylon swietenia (Rutaceae) on acetaminophen induced toxicity in male albino
rats. Int J of PharmTech Research, 2010; 2(1):162-170.

Gokulakrishnan K, Senthamilselven P, and Sivakumari V. Regenerating activity of
Citrus aurantifolia on paracetamol induced hepatic damage. Asian J of Bio Scie,
2009; 4(2):176-179.

Sood S, Muthuraman A, Gill NS, Bali M and Sharma PD. Effect of Citrus karna peel
extract on stress induced peptic ulcer in rat. J of Biol Sci, 2010; 10(3): 231-236.

Rozza AL, Moraes TDM, Kushima H, Tanimoto A, Marques MOM, Bauab TM,
Lima CAH and Pellizzon CH. Gastroprotective mechanisms of Citrus lemon
(Rutaceae) essential oil and its majority compounds limonene and [ pinene:
Involvement of heat-shock protein-70, vasoactive intestinal peptide, glutathione,
sulthydryl compounds, nitric oxide and prostaglandin E,. Chemico-Biological
Interactions, 2011;189(1-2):82-89.

Casimiro MF, Gutierrez M, Leano DR and Solidum JN. Evaluation of the
hepatoprotective activity of Citrus microcarpa Bunge (Family Rutaceae) fruit peel
against acetaminophen-induced liver damage in male BFAD- sprague dawley rats. Int
J of Chem and Env Eng, 2010; 1(2):127-132.

783



Pharmacologyonline 3: 777-784 (2011) Newsletter Sharma et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rajesh SV, Rajkapoor B, Senthil KR and Raju K. Effect of Clausena dentata (willd.)
M. Rome. against paracetamol induced hepatotoxicity in rats. Pak. J. Pharm. Sci.,
2009; 22:90-93.

Liu GT, Li WX, Chen YY and Wei HL. Hepatoprotective action of nine constituents
isolated from the leaves of Clausena lansium in mice. Drug Development Research,
1996; 39(2):174-178.

Mishra A, Arora S, Gupta R, Manvi, Punia RK and Sharma AK. Effect of Feronia
elephantum (Corr) fruit pulp extract on indomethacin-induced gastric ulcer in albino
rats. Tropical J of Pharm Res, 2009; 8 (6):509-514.

Zanatta F, Gandolfi RB, Lemos M, Ticona JC, Gimenez A, Clasen BK, Filho CV, de
ASF. Gastroprotective activity of alkaloid extract and 2-phenylquinoline obtained
from the bark of Galipea longiflora Krause (Rutaceae). Chemico Biol Interact, 2009;
180(2):312-7.

Raju NJ and Rao BJ. Evaluation of Hepatoprotective Activity of Glycosmis
pentaphylla roots against CCly induced acute liver injury in rats. Inter J of Pharma Sci
Review and Res, 2010; 4(2):81-86.

Senthilkumar KL, Kumawat BK, Rajkumar M and Senthilkumar. Antidiarrhoeal
activity of bark extracts of Limonia acidissima Linn. Res J of Pharm Biol and Chem
Sci, 2010; 1(4):550-553.

Mandal S, Nayak A, Kar M, Banerjee SK, Das A, Upadhyay SN, Singh RK, Banerji A
and Banerji J. Antidiarrhoel activity of carbazole alkaloids from Murraya koenigii
Spreng (Rutaceae) seeds. Fitoterapia, 2009; 81(1): 72-74.

Patidar DK. Anti-ulcer activity of aqueous extract of Murraya koenigii in Albino rats.
International Journal of Pharma and Bio Sciences, 2011; 2(2), 524-529.

Madhavan V, Shah P, Murali A and Yoganarasimhan SN. In vitro and in vivo
antioxidant activity studies on the roots of Toddalia asiatica (L.) Lam. (Rutaceae).
Asian J of Traditional Medicines, 2010; 5 (5): 188-198.

Verma N and Khosa RL. Hepatoprotective activity of leaves of Zanthoxylum
armatum DC in CCl4 induced hepatotoxicity in rats. Indian J Biochem Biophys,
2010; 47(2):124-127.

Moazedi AA, Dabir N, Naseri MKG and Zadkarami MR. Investigated antispasmodic
effect of Ruta chalepensis leaf on rat's ileum at present of KCI and different
concentrations of calcium chloride. J. Biol. Sci., 2009; 9: 159-164.

Moura NF, Morel AF, Dessoy EC, Zanatta N, Biirger MM, Ahlert N, Porto
GP, Baldisserotto B. Alkaloids, amides and antispasmodic activity of Zanthoxylum
hyemale. Natural Product Chemistry, 2002; 68(6): 534-538

784



