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ABSTRACT

Ficus plants have traditionally been used as potential remedies for treating various diseases. Hepatotoxicity is one of the
severe threats to human health which must be adequately cured. The study was planned to investigate the hepato-
protective potential of methanolic extracts of fruit and leaves of Ficus carica and Ficus benghalensis against carbon
tetrachloride (CCls)-induced hepatotoxicity in an experimental rat model. The study was planned using a randomized
control design (RCD). The study included 6 groups of animals (n=5 per group) having average body weight (230420 g),
out of which 5 groups were treated with CCls (15 pL kg body weight), and the remaining one was left as healthy
control. Four of the five CCls-treated groups were administered individually with fruit and leaf extracts (25 mg kg™ body
weight) of F. carica and F. benghalensis, while the fifth was left as CCly-treated control. The total serum bilirubin (TSB),
total serum protein (TSP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase
(ALP) levels of the control group during the treatment period ranged from 0.5440.16 to 0.59+0.15 mgdL" 8.56+0.73 to
8.66+0.75 gdL!, 46.00+21.41 to 49.41+£22.68 UL, 41.6+13.99 to 44.41+13.16 UL"!, and 139.80+28.72 to 145.62+28.82
UL, respectively. CCly administration significantly (p<0.05) increased the TSB, ALT, AST, and ALP levels in the
range of 1.48+0.30-2.30+0.19 mgdL™!, 147.6+34.22 to 233.81+14.94 UL, 118.8+15.88 to 167.8+16.4143 UL"!, and
213.8+21.46 to 260+26.664 UL, respectively. The elevated TSB, ALT, AST, and ALP levels were significantly
(p<0.05) decreased after F. carica and F. benghalens extract treatment to 1.06+0.15-1.70+0.21 mgdL-!, 115.00+28.19-
190.214£25.68 UL, 89.8+16.29-111.8423.81 UL, and 195.38+42.29-218.4+35.02 UL respectively. Moreover, TSP
level was significantly decreased after CCls administration and improved after extract treatment. It was concluded that
methanolic extract from the leaf and fruit of both F. benghalensis and F. carica protects against CCls-induced
hepatotoxicity in rats.
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INTRODUCTION

Hepatic damage adversely impacts human health, resulting in a high morbidity rate worldwide (Fontana ef al.,
2014). Viral infections, drug ingestion, alcohol abuse, metabolic disorders, portal hypertension, autoimmunity, and
reactive oxygen species are the etiologies responsible for hepatic damage (Gopal et al., 2015; Torok, 2008). Hepatocyte
damage leads to many liver function complications, including liver cirrhosis, portal hypertension, and liver failure
(Bataller and Brenner, 2005). There are many proposed treatments for hepatic damage, including herbal treatment.
Treating liver disorders using natural remedies has a long-standing history, such as Ayurvedic medicines and earlier
Chinese and European medicine systems. In the 21% century, there is again an exceptional shift towards evaluating herbal
products for therapeutic purposes in liver disorders. The natural healing processes of the liver are accelerated by most
herbal drugs (Mani Senthilkumar et al., 2005). Medicinal plants and their constituents have significantly been used to
promote health effects because of their potential to modulate biological and physiological activities and have a confirmed
role in treating and preventing different diseases (Rahmani et al., 2015, 2014).

Ficus is a genus of tropical deciduous trees with above 800 species. The phytochemical studies showed that
different parts of F. carica and F. benghalensis contain numerous bioactive compounds, including phenols, flavonols,
flavonoids, glycosides, steroid, pentacyclic triterpenes, triterpenoids, inulin, lignin, cellulose, alkaloids, chloride, protein,
organic acids, phytosterols, anthocyanins, coumarins, saponins, tannins, phlobatannins, gallic acid, anthraquinone, rhein,
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gallocatechin, vitamin C and different volatile organic compounds including aliphatic alcohols, hydrocarbons, and some
other secondary metabolites (Jeong and Lachance, 2001; Vinson et al., 2005, 2001; Ahmad et al., 2011; Slatnar et al.,
2011; Vallejo et al., 2012; Bhaskara Rao ef al., 2014; Gopukumar et al., 2016; Ambi and Idrees, 2017; Nawaz et al.,
2019). Based on the presence of these phytochemical compounds, various parts of F. carica and F. benghalensis possess
anticancer, antimutagenic, antidiarrheal, anti-diabetic, anti-bacterial, anti-fungal, antipyretic, anti-inflammatory,
hepatoprotective, hypoglycemic, hypolipidemic, hypocholesterolemic, anti-tuberculosis, nematicidal, anti-spasmodic,
anti-platelet, anthelmintic, anti-allergic, anti-hepatotoxic, and antioxidant activities (Lansky et al., 2008; Sirisha et al.,
2010; Mawa et al., Ahmad et al., 2011; 2013; Satish et al., 2013).

Previously, studies have shown that the Ficus plants are a significant source of various phytochemicals, possess
various biological activities, and are effective against different ailments such as hepatic, cardiovascular, and
neurodegenerative disorders (Sirisha et al., 2010). In the present study, the hepato-protective potential of the leaf and
fruit of two species of Ficus was investigated against carbon tetrachloride (CCls)-induced hepatic damage in a rat model.
The study would significantly contribute to the literature exploring the reliable and effective sources of hepatoprotective
agents.

MATERIALS AND METHODS

Experimental Protocols: The study was approved by the Advanced Studies and Research Board and Departmental
Ethical Committee (No. Biochem./06/2019 dated: 20.06.2019) for the care and use of the animals in the study. Strict
adherence to the protocols recommended by the Committee was ensured, and the animals were treated humanely. All the
experiments were performed in research laboratories at the Department of Biochemistry, Bahauddin Zakariya University,
Multan, Pakistan, from June 2019-May 2020. The study was planned using a randomized control design (RCD). Overall,
6 groups of animals, each consisting of 5 animals (n=30; w=2304+20 g, age=40+5 days), were included in the study, out
of which 5 groups were treated with CCls (15 uLkg! bodyweights provided in typical chick’s diet). At the same time, the
6™ one was left as healthy control. Four out of five CCls-treated groups were treated individually with fruit and leaf
extracts (25 mg kg™ bodyweights) of F. carica and F. benghalensis by oral administration. At the same time, the 5™ one
was left untreated as a positive control. Blood samples of the control, CCls-treated, and extract-treated groups of animals
were collected. The sera were analyzed for hepatic biomarkers, including total bilirubin, total protein, and some liver
function enzymes. The dose selection and treatment protocols are presented in Table 1.

Preparation of plant extracts: The fresh leaves and ripened fruit (500 g each) of F. carica and F. benghalensis were
collected from the local gardens in the urban areas of Multan City, Punjab, Pakistan. A Botanist identified the plants at
the Department of Botany (Voucher No. F. carica: BZBOT0001567 and F. benghalensis: BZBOT0001565), and the
samples were brought to the Biochemistry laboratory at Bahauddin Zakariya University, Multan, cleaned from dust, and
dried under shade until constant weight. The dried leaves and fruits (10 g each) were ground to a fine powder and
extracted in 80% methanol (Solid: solvent 1:10) for 24 h. The solvent was evaporated to dryness in a water bath at 50°C,
and the extracts were stored in airtight glass bottles in the dark at 4°C.

Animals: White albino male rats (n=30, w=230+20 g, age=40+5 days) were purchased from the Institute of Faculty of
Pharmacy, Bahauddin Zakariya University, Multan, Pakistan. The animals were housed in steel cages and acclimated for
one week at 30+2°C temperature, 40-45% humidity and: 13/11 h light/dark duration). The animals were allowed to drink
tap water ad labium and feed on a regular chick diet throughout the study.

Induction of liver damage and extract treatment: The animals were administered CCL4 (15 uL kg™ body weight) in a
routine chicks’ diet per the experimental protocol to induce hepatotoxicity. The CCL4 treatment was repeated after an
interval of 24 h for one week. The CCLs-treated animals were orally administered with leaves and fruit extract of F.
carica and F. benghalensis (25 mg kg' body weight) 24 h after the last dose of CCL4. The extract dose was repeated
thrice after an interval of 24 h. The overall treatment plan is given in Table 1.

Blood sampling: The blood sample (1 mL) was collected individually from each animal in each group in gel sample
tubes from the coccygeal vein of the animals before CCL4 treatment and 24 h after CCL4 and extract treatment. The sera
were obtained by centrifugation at 4000 x g for 20 min and stored at -20°C.

Hepatic parameters: The hepatic parameters, including total serum bilirubin (TSB), total serum protein (TSP), and liver
function enzymes such as alanine transaminase (ALT), aspartate transaminase (AST), and alkaline phosphatase (ALP),
were estimated as a response of CCL4-induced hepatocellular injury and extract treatment.

The TSB level was determined by the previously reported diazo sulfanilic acid assay (Ichida and Nobuka, 1968)
following the protocols provided along with the commercially available bilirubin kit (Cat. No. BR3859, Randox, UK).
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The results were reported in terms of TSB mgdL-'. The Biuret method determined the TSP level (Johnson et al., 2007)
according to the protocols described in the commercially available protein kit. The TSP level was calculated as gdL™!
using Bovine serum albumin as standard. The ALT, AST, and ALP levels were determined following the method
recommended by the International Federation of Clinical Chemistry (IFCC 2002) using commercially available kits
(Cobas, Roche Diagnostics, Germany) Cat. No. 10851132 216, 10851124 216, and 12173107 122, respectively
(Siekmann et al., 2002; Schumann et al., 2011, 2002). The activity of ALT and AST (UL"") was measured in terms of
change in absorbance of NADH, and that of ALP (UL"!) was determined proportionally to the absorbance of p-
nitrophenol at 340 nm using Micro-lab 300 following the test protocols provided in the assay kits.

Statistical analysis: The experimental results were presented as mean + standard deviation of five replicates. The
significance of variance in the means at different levels of the study was analyzed by one-way analysis of variance
(ANOVA) using Tukey’s multiple range tests at a 95% confidence level.

RESULTS

The experimental values of the studied parameters of the study groups are presented in Table 2.

Total serum bilirubin: The TSB level of the control group during the treatment period ranged from 0.54+0.16 to
0.59+0.15 mgdL"!. The CCls treatment resulted in a statically significant (p<0.05) increase in the TSB level of the
animals ranging from 1.48+0.30 to 2.30+0.19 mgdL-'. The TSB level of the CCls-treated study groups was significantly
decreased (p<0.05) after extract administration. The F. carica fruit and leaf extract administration significantly reduced
(p<0.05) the TSB level to 1.40+0.17 and 1.06+0.15 mgdL!] respectively. The F. benghalensis fruit and leaf extract
administration also showed a significant decrease (p<0.05) in TSB level to 1.70.21 and 1.58+0.30 mgdL-'} respectively.
However, the TSB level of the healthy and CCls-treated control groups remained statistically unchanged (p>0.05) during
extract treatment (Figure 1a, b).

Total serum protein: The TSP level of the control group during the treatment period ranged from 8.56+0.73 to
8.66+0.75 gdL!' that was found to be significantly (p<0.05) decreased to 3.56+0.42 to 4.52+0.63 gdL' after CCl4
treatment. The administration of F. carica fruit and leaf extract increased the TSP level of the CCly-treated study groups
up to 5.74+0.85 and 6.72+0.41 gdL" respectively. The TSP level was also increased to 4.9420.44 and 5.52+0.90 after
the F. benghalensis fruit and leaf extract administration, respectively. However, statistically, no significant variation
(p>0.05) was observed in the TSP level of the healthy and CCls-treated control groups during extract treatment (Figure
2a, b).

Liver function enzymes

Alanine transaminase: The ALT levels of the control group during the treatment period ranged from 46.00+21.41 to
49.41+22.68 UL which remained statistically similar throughout the study period. The CCls administration resulted in a
significant (p<0.05) increase in the ALT level of the study groups ranging from 147.6+34.22 to 233.81+14.94 UL"!. The
administration of F. carica fruit and leaf extract decreased the ALT level of the CCly-treated animals up to
115.00+£28.19-115.6+33.87 UL!. The ALT level of the CCls-treated animals was also found to be reduced to
190.21+25.68 and 153.80+18.26 UL™! after administration of fruit and leaf extract of F. benghalensis (Figure 3a, b).

Aspartate transaminase: The AST level of the control group during the treatment period ranged from 41.6+13.99 to
44.41+13.16 UL"!. The CCls administration of the study groups resulted in a significant (p<0.05) increase in the level of
AST ranging from 118.8+15.88 to 167.8+16.4143 UL"!. The administration of F. carica fruit and leaf extract resulted in
a significant decrease in the AST level of the CCls-treated animals to 89.8+16.29-105.6+12.89 UL"!, respectively. The
ALT level of the CCly-treated animals was also found to be decreased to 91.6+21.60 and 111.8+23.81 UL after
administration of fruit and leaf extract of F. benghalensis, respectively (Figure 4a, b).

Alkaline phosphatase: The ALP levels of the control group during the treatment period ranged from 139.804+28.72 to
145.62+28.82 UL"!. The CCls administration resulted in a significant (p<0.05) increase in the level of ALP, ranging from
213.8421.46 to 260+26.664 UL"'. The administration of F. carica fruit and leaf extract decreased the ALP level of the
CCls-treated animals to 207.68+40.70 and 195.38+42.29 UL"!] respectively. The fruit and leaf extract of F. benghalensis
also decreased the ALT level of CCls-treated animals to 218.4+35.02 and 215.6+25.94 UL"'] respectively (Figure 5a, b).
However, statistically, no significant decrease (p>0.05) was noted in the level of the TSB, TSP and the studied
liver function enzymes of the healthy control group during the CCl; and extracts treatments.
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Table 1. Study groups, diet plan, and treatment protocols .

Sr. No Study group Diet CCl4 treatment Extract treatment
1 Healthy control Normal chick’s diet Untreated Untreated
2 CCli-treated Normal chick’s diet CCL4 (15 K L /kg Untreated
control bodyweight)

3 FCF-treated Normal chick’s diet CCL4 (15 .uL/kg F. carica fruit extr'act (25 mg/kg body
bodyweight) weight)

4 FCL-treated Normal chick’s diet CCL4 (15 .uL/kg F. carica leaf extrgct (25 mg/kg body
bodyweight) weight)

5 FBF-treated Normal chick’s diet CCL4(15 .pL/kg F. benghalensis fruit extract (25 mg/kg
bodyweight) body weight)

6 FBL-treated Normal chick’s diet CCL4 (15 .uL/kg F. benghalensis leaf e?xtract (25 mg/kg
bodyweight) body weight)

*CCls: Carbon tetrachloride, FCF: F. carica fruit, FCL: F. carica leaf, FBF: F. benghalensis fruit, FBL: F. benghalensis leaf

Table 2. Experimental values of the hepatic parameters of the control, CCls-treated, and extract-treated animals.

Sample Untreated CCly treated Extract treated p-value
Total serum bilirubin (mg/dL)
Healthy control 0.58+0.17 0.59+0.15 0.54+0.16 0.31
*CCls-control 0.68+0.15 1.48+0.30 1.60+0.18 0.01
FCF-treatement 0.78+0.13 2.04+0.18 1.40+0.17 0.00
FCL-treatement 0.64+0.21 1.62+0.17 1.06+0.15 0.00
FBF-treatement 0.72+0.18 2.30+0.19 1.71+0.21 0.00
FBL-treatement 0.78+0.19 2.16+0.14 1.58+0.29 0.00
Total serum proteins (g/dL)
Healthy control 8.63+0.74 8.56+0.73 8.66+0.75 0.46
*CCls-control 7.84+1.13 4.3240.52 4.394+0.51 0.02
FCF-treatement 6.71£1.09 4.52+0.63 5.74+0.86 0.00
FCL-treatement 7.98+1.09 4.18+0.49 6.72+0.41 0.00
FBF-treatement 7.14£1.04 3.86+0.31 4.94+0.44 0.00
FBL-treatement 6.72+1.05 3.56+0.42 5.5240.90 0.00
Alanine aminotransferase (U/L)
Healthy control 46.00£21.41 48.41+£20.40 49.41+£22.68 0.84
*CCls-control 54.01+10.54 147.60+£34.22 150.50+20.04 0.01
FCF-treatement 66.62+10.09 196.42+12.72 115.00+£28.19 0.00
FCL-treatement 54.22+22.64 153.80+18.24 115.61+33.87 0.00
FBF-treatement 62.61+£14.40 233.81+14.35 190.22425.68 0.00
FBL-treatement 69.60+18.82 227.40+14.58 153.81£18.26 0.00
Aspartate aminotransferase (U/L)
Healthy control 41.61£13.99 43.11+14.12 44.41£13.16 0.50
*CCls-control 46.40+8.56 121.80+14.38 125.80+13.65 0.02
FCF-treatement 57.1249.76 137.00£17.69 89.80+16.29 0.00
FCL-treatement 45.41+17.87 118.81+15.88 105.60+£12.89 0.00
FBF-treatement 54.224+13.22 151.42+24.05 91.61£21.60 0.00
FBL-treatement 58.00+16.43 167.82+16.41 111.82+21.80 0.00
Alkaline phosphatase (U/L)
Healthy control 139.80+28.72 145.62+28.82 143.514+26.32 0.38
*CCls-control 157.80+15.88 213.80+31.50 220.814+31.93 0.03
FCF-treatement 171.60£11.04 252.22+24.17 207.68+40.70 0.00
FCL-treatement 149.00+31.40 221.01+£36.57 195.38442.29 0.00
FBF-treatement 166.84+14.46 260.34+26.66 218.414£35.02 0.00
FBL-treatement 167.78+8.27 242.66x15.46 215.59+£25.93 0.00
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Figure 1 Variation in total serum bilirubin (TSB) level of the control, CCls-treated, and extract-treated animals
CClg: Carbon tetrachloride, FCF: Ficus carica fruit, FCL: Ficus carica leaf, FBF: Ficus benghalensis fruit, FBL: Ficus benghalensis
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Figure 2 Variation in total serum protein (TSP) level of the control, CCls-treated, and extract-treated animals
CCly4: Carbon tetrachloride, FCF: Ficus carica fruit, FCL: Ficus carica leaf, FBF: Ficus benghalensis fruit, FBL: Ficus benghalensis
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Figure 3 Variation in alanine transaminase (ALT) level of the control, CCls-treated, and extract-treated animals
CCly4: Carbon tetrachloride, FCF: Ficus carica fruit, FCL: Ficus carica leaf, FBF: Ficus benghalensis fruit, FBL: Ficus benghalensis
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Figure 4 Variation in aspartate transaminase (AST) level of the control, CCls-treated, and extract-treated animals
CCly4: Carbon tetrachloride, FCF: Ficus carica fruit, FCL: Ficus carica leaf, FBF: Ficus benghalensis fruit, FBL: Ficus benghalensis
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Figure S Variation in alkaline phosphatase (ALP) level of the control, CCls-treated, and extract-treated animals
CCly4: Carbon tetrachloride, FCF: Ficus carica fruit, FCL: Ficus carica leaf, FBF: Ficus benghalensis fruit, FBL: Ficus benghalensis
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DISCUSSION

The present study evaluated the therapeutic
effect of leaf and fruit extracts of F. carica and F.
benghalensis, a good source of natural antioxidants,
against CCly-induced hepatic damage in a rat model.
After CCly treatment, the elevation in TSB, ALT, AST,
and ALP levels provided evidence of CCls-induced free
radical production leading to hepatotoxicity and animal
cell damage. However, despite the release of liver
function enzymes into circulation, the TSP level was
surprisingly decreased after CCly treatment which may be
attributed to the oxidative degradation of some proteins.

The observed decrease in TSB, ALT, AST, and
ALP and increase in the TSP to a significant level after
administration of fruit and leaf extracts of F. carica and
F. benghalensis advocates the hepatoprotective and
therapeutic potential of these extracts against hepatic
damage. The persistence of CCls-induced variation in the
studied parameters of CCls-treated control animals during
extract treatment also provides evidence about the
hepatoprotective potential of the selected parts of F.

carica  and F.  benghalensis. ~ The  observed
hepatoprotective potential of the tested extracts may be
attributed to potential bioactive phytochemicals

compounds in the fruit and leaf extracts of F. carica and
F. benghalensis (Nawaz et al., 2019).

The fruit and leaves of the selected Ficus species
were found to be almost equally effective against
hepatotoxicity, with few exceptions where the leaf
extracts were found more effective than the fruit extracts.
Among the tested extracts, F. carica leaf extract showed
a comparatively more decrease in TSB level and an
increase in TSP level of the CCly-treated animals. F.
carica leaf extract also showed more decline in ALT and
ALP levels of the CCly-treated animals than other
extracts. However, the fruit extracts of both species of
Ficus were found to be more effective in lowering the
AST levels of the CCls-treated animals.

The Ficus extracts showed a relatively higher
hepatoprotective potential than those reported earlier
(Parameswari et al., 2012). The value of TSP and ALT
was comparable, while that of AST and ALP was found
to be higher than those reported earlier in the CCly-
treated animals subjected to Ficus fruit and leaf extract
administration ( Krishna et al., 2007; Aghel et al., 2011;
Mujeeb et al., 2011; Diab et al., 2018).

Conclusions: In conclusion, the CCls treatment of the
study groups resulted in a significant elevation in TSB
and liver function enzymes and a decline in total protein
levels compared to those of the control group. The
administration of the methanolic extracts of fruit and
leaves of F. carica and F. benghalensis resulted in a
significant decrease in TSB, ALT, AST, and ALP and an
increase in the total protein level of the study groups as
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compared to the CClytreated control. The observed
variations in the studied hepatic parameters suggest the
hepatoprotective potential of the selected parts of the two
Ficus species. However, the chosen plant parts of F.
carica and F. benghalensis showed an almost equal
protective effect against CCly-induced equal damage. The
study would significantly contribute to the literature
investigating the effective and reliable sources of anti-
hepatotoxic agents.

Acknowledgment: The authors are grateful to the
Department of Biochemistry, Bahauddin Zakariya
University, for providing basic facilities for the study.

Funding: Any funding agency did not fund this study.

Conflict of Interest: The authors declare no conflict of
interest regarding this study.

REFERENCES

Ahmad S., H. Rao, M. Akhtar, I. Ahmad, M.M. Hayat, Z.
Igbal (2011). Phytochemical composition and
pharmacological prospectus of Ficus bengalensis
Linn. (Moraceae)-A review. J. Med. Plant Res. 5
(28): 6393-6400. DOI: 10.5897/JMPR11.455.

Ambi A.A., A.L. Idrees (2017). Pharmacognostic studies
of the leaf of Ficus benghalensis Linn. Trends

Sci. Technol. J. 2 (1A): 165-168. e-
ISSN:24085162.

Bataller R., D.A. Brenner (2005). Liver fibrosis. J. Clin.
Investig. 115 2): 209-218.

DOI:10.1172/JCI24282Cl.

Bhaskara Rao K.V., V. Ojha, Preeti, G. Kumar, L.
Karthik (2014). Phytochemical composition and
antioxidant activity of Ficus benghalensis
(Moraceace) leaf extract. J. Biol. Act. Prod. Nat.
4 3): 236-248.
DOI:10.1080/22311866.2014.936902.

Diab A.A.A., M.H. Zahra, M.S. Attia, A.M. Shehata
(2018). Physiological and biochemical studies
on the protective effect of Ficus carica leaf
extract, vitamin C or their combination on liver
toxicity induced by lead acetate in male rats.
Biomed. Res. Ther. 5 (10): 2733-2745.
DOI:10.15419/bmrat.v5i10.488

Fontana R.J., P.H. Hayashi, J. Gu, K.R. Reddy, H.
Barnhart, P.B. Watkins, J. Serrano, W.M. Lee,
N. Chalasani, A. Stolz (2014). Idiosyncratic
drug-induced liver injury is associated with
substantial morbidity and mortality within 6
months from onset. Gastroenterol 147 (1): 96—
108. DOI:10.1053/j.gastro.2014.03.045.

Gopal K., M. Gowtham, S. Sachin, M.R. Ram, E.M.
Shankar, T. Kamarul (2015). Attrition of
Hepatic Damage Inflicted by Angiotensin II
with  o-Tocopherol and B-Carotene in



Nawaz et al.,

Experimental Apolipoprotein E  Knock-out
Mice. Sci. Rep. 5: 18300.
DOI:10.1038/srep18300.

Gopukumar S.T., P. Alexander, M. Jainamboo, P.K.
Praseetha (2016). Phytochemical screening and
FT-IR analysis of Ficus benghalensis fruits. Int.
J. Pharmacogn. Phytochem. Res. 8 (9): 1529-
1534. ISSN:0975-4873.

Ichida T., M. Nobuka (1968). Hyperbilirubinemia in
Neonates: Types, Causes, Clinical
Examinations, Preventive = Measures and
Treatments: A Narrative Review Article. Clin.
Chim. Acta. 19 (2): 249-255. PMID:27398328.

Jeong W.-S., P.A. Lachance (2001). Phytosterols and
fatty acids in fig (Ficus carica, var. Mission)
fruit and tree components. J. Food Sci. 66 (2):
278-281. DOI:10.1111/1.1365-2621.2001.

Johnson A.M., G. Merlini, J. Sheldon, K. Ichihara (2007).

Clinical indications for plasma protein assays:

transthyretin (prealbumin) in inflammation and

malnutrition: International Federation of Clinical

Chemistry and Laboratory Medicine (IFCC):

IFCC Scientific Division Committee on Plasma

Proteins (C-PP). Clin. Chem. Lab. Med. 45 (3):

419-426. DOI:10.1515/CCLM.2007.051.

M.G., E. Pallavi, K.B. Ravi, M. Ramesh, S.

Venkatesh (2007). Hepatoprotective activity of

Ficus carica Linn. leaf extract against carbon

tetrachloride-induced hepatotoxicity in rats.

DARU J. Pharm. Sci. 15(3):162-166.

PMID:24250358.

E.P., HM. Paavilainen, A.D. Pawlus, R.A.

Newman (2008). Ficus spp.(fig): Ethnobotany

and potential as anticancer and anti-

inflammatory agents. J. Ethnopharmacol. 119

(2): 195-213. DOI:10.1016/].jep.2008.06.025.

Mani Senthilkumar K.T., B. Rajkapoor, S. Kavimani
(2005). Protective Effect of Enicostemma
littorale. Against CCl4-induced hepatic damage
in rats. Pharm. Biol. 43 (5): 485-487.
DO0:10.1080/13880200590963952.

Mawa S., K. Husain, I. Jantan (2013). Ficus carica

L.(Moraceae): phytochemistry, traditional uses

and biological activities. Evid.-based

Complement.  Altern. Med. 2013: 1-8.

DOI.10.1155/2013/974256.

M., S.A. Khan, V. Aeri, B. Ali (2011).

Hepatoprotective Activity of the Ethanolic

Extract of Ficus carica Linn. Leavesin Carbon

Tetrachloride-Induced Hepatotoxicityin Rats.

Krishna

Lansky

Mujeeb

Iran. J.  Pharm. Sci. 10 (2): 301.
PMCID:PMC3828912.

Nawaz H., R. Waheed, M. Nawaz (2019). Phytochemical
Composition,  Antioxidant Potential, and

Medicinal Significance of Ficus. In: Modern

175

J. Anim. Plant Sci., 34 (1) 2024

Fruit Industry, Intech UK.
DOI:10.5772/intechopen.86562.

Parameswari S.A., T.S. Saleem, K.B. Chandrasekar,
C.M. Chetty (2012). Protective role of Ficus
benghalensis against isoniazid-rifampicin
induced oxidative liver injury in rat. Rev. bras.
farmacogn. 22 3): 604-610.
DOI:10.1590/S0102-695X2012005000009.

Rahmani A.H., K.S. Allemailem, S.M. Aly, M.A. Khan
(2015). Implications of green tea and its
constituents in the prevention of cancer via the
modulation of cell signalling pathway. Biomed
Res. Int. 2015: 925640.
DOI:10.1155/2015/925640.

Rahmani A.H., S.M. Aly, H. Ali, A.Y. Babiker, S. Srikar
(2014). Therapeutic effects of date fruits
(Phoenix dactylifera) in the prevention of
diseases via modulation of anti-inflammatory,
antioxidant and anti-tumour activity. Int. J. Clin.
Exp. 7 (3): 483. PMID:24753740.

Satish A., R.P. Kumar, D. Rakshith, S. Satish, F. Ahmed
(2013). Antimutagenic and antioxidant activity
of Ficus benghalensis stem bark and Moringa
oleifera root extract. Int. J. Chem. Anal. Sci. 4
(2): 45-48. DOI:10.1016/j.ijcas.2013.03.008.

Schumann G., R. Bonora, F. Ceriotti, G. Férard, C.A.
Ferrero, P.F. Franck, F.-J. Gella, W. Hoelzel,
P.J. Jorgensen, T. Kanno (2002). IFCC primary
reference procedures for the measurement of
catalytic activity concentrations of enzymes at
37 C. Part 5. Reference procedure for the
measurement of catalytic concentration of
aspartate aminotransferase. Clin. Chem. Lab.
Med. 40 (7): 725-733.
DOI:10.1515/CCLM.2011.621.

Schumann G., R. Klauke, F. Canalias, S. Bossert-
Reuther, P.F. Franck, F.-J. Gella, P.J. Jorgensen,
D. Kang, J.-M. Lessinger, M. Panteghini (2011).
IFCC primary reference procedures for the
measurement of catalytic activity concentrations
of enzymes at 37° C. Part 9: Reference
procedure for the measurement of catalytic
concentration ~ of  alkaline  phosphatase:
International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) Scientific
Division, Committee on Reference Systems of
Enzymes (C-RSE) 1. Clin. Chem. Lab. Med. 49
(9): 1439-1446. DOI:10.1515/CCLM.2011.621.

Siekmann L., R. Bonora, C.A. Burtis, F. Ceriotti, P.
Clerc-Renaud, G. Férard, C.A. Ferrero, J.-C.
Forest, P.F. Franck, F.-J. Gella. (2002). IFCC
primary  reference  procedures for the
measurement of catalytic activity concentrations
of enzymes at 37 C. Part 7. Certification of four
reference materials for the determination of
enzymatic activity of y-glutamyltransferase,

Open,



Nawaz et al.,

lactate dehydrogenase, alanine aminotransferase
and creatine kinase according to IFCC reference
procedures at 37 C. Clin. Chem. Lab. Med. 40
(7): 739-745. DOI:10.1515/CCLM.2002.127.

Sirisha N., M. Sreenivasulu, K. Sangeeta, C.M. Chetty
(2010). Antioxidant properties of Ficus species-a
review. Clin. Chem. Lab. Med. 2 (4): 2174-
2182. DOI:10.1515/CCLM.2002.127.

Slatnar A., U. Klancar, F. Stampar, R. Veberic (2011).
Effect of drying of figs (Ficus carica L.) on the
contents of sugars, organic acids, and phenolic
compounds. J. Agric. Food Chem. 59 (21):
11696-11702. DOI:10.1021/jf202707y.

176

J. Anim. Plant Sci., 34 (1) 2024

Torok N.J. (2008). Recent advances in the pathogenesis
and diagnosis of liver fibrosis. J. Gastroenterol.
43 (5): 315. DOI:10.1007/s00535-008-2181-x.

Vallejo F., J.G. Marin, F.A. Tomads-Barberan (2012).
Phenolic compound content of fresh and dried
figs (Ficus carica L.). Food Chem. 130 (3): 485—
492. DOI:10.1016/j.foodchem.2011.07.032.

Vinson J.A., X. Su, L. Zubik, P. Bose (2001). Phenol
antioxidant quantity and quality in foods: fruits.
J. Agric. Food Chem. 49 (11): 5315-5321.
DOI:10.1021/j£0009293.

Vinson J.A., L. Zubik, P. Bose, N. Samman, J. Proch
(2005). Dried fruits: excellent in vitro and in
vivo antioxidants. J. Am. Coll. Nutr. 24 (1): 44—
50. DOI:10.1080/07315724.2005.10719442.



