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ABSTRACT

Using various key words, 195 research articles published between 2000-2017 in english were retrieved

from the data base {Embase, Google Scholar, Medline (through Pubmed), Open J-gate, Scopus, Web of

Science and Toxnet} for the meta-analysis of various serum and tissue biochemical parameters assessing

renoprotective role of plant species in the gentamicin exposed animal models in comparison to controls

(receiving only gentamicin). Odd ratios and Z values were found less than 1 for urea, creatinine, blood

urea nitrogen (BUN), uric acid, lipid peroxidase (LPO) and malondialdehyde (MDA) and diamonds were

on the left hand side of the null effect line of the forest plots, but their trends were opposite for the

antioxidants (GSH, GPX, SOD and catalase) which led to conclude renoprotective role of plants in the

gentamicin exposed animals. Funnel plot analysis revealed unbiasness in the publications while negative

values of I2 for all the parameters suggested all studies to be homogenous.

Key words: Antioxidants, BUN, creatinine, Gentamicin, kidney, meta-analysis, renoprotective plant species,

urea

INTRODUCTION

Gentamicin is an aminoglycoside bestowed with a broad

spectrum antimicrobial activity to both gram negative and

gram positive infections (Turnidge 2003, Tam et al. 2006).

The drug is highly charged and water soluble at physiologic

pH (7.4), and therefore does not diffuse through biologic

membranes (Morin et al. 1980). When gentamicin is either

used for a longer period or at a slightly higher than

recommended dose; 5% of it is retained in the epithelial cells

of proximal convoluted tubules causing nephrotoxicity

(Chaudhary and Paranjape 2013).

Yadav et al. (2017) reviewed renoprotective role of 151

plant species in the gentamicin exposed animals and identified

species ameliorating kidney functions and oxidative stress.

The conclusions were general and were not based on sample

size and statistical analysis of findings presented for each

parameter. These short comings were rectified in the meta-

analysis 195 studies on renoprotective role of plant species

presented in this review to derive at a point of estimate and

identify patterns of findings, sources of disagreement and

publication bias.

MATERIALS AND METHODS

Fixed effect model was used to evaluate nephroprotective

ability of different doses of extracts/powder of various plant

species in the gentamicin exposed animal models (hereafter

referred to as treatment in the text) in comparison to controls

receiving only gentamicin.

Various data bases were searched using nested and non-

nested Boolean search terms like aminoglycosides,

gentamicin induced nephrotoxicity, oxidative stress, MDA,

LPO, kidney damage, renal injury, renal disorders, blood

urea nitrogen, serum creatinin, serum urea,  nephro/reno/

curative/protective plant, nephroprotective activity, antioxidant

defense enzymes, catalase and reduced glutathione.

Selection and eligibility criteria of observational studies

included title and abstract screening and then full text screening

to resolve agreement/disagreement of included studies. Only

full length research articles published in english were

considered for the meta-analysis of plant species providing

nephroprotective ability in the gentamicin exposed animals.

Conference abstracts, research articles published in non-

english language and only abstracts were not considered in

the meta-analysis. The studies lacking mean values were

considered non-eligible and therefore, excluded from meta-

analysis. The bibliographies of published studies helped to

include missed studies relevant to the subject (Fig. A).
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Fig. A.  Flow diagram of literature search and study selection process

Data extraction

Data extracted from the eligible studies included sample size,

gentamicin dose and its exposure period, types of

nephroprotective herbal formulations, their dose, mode of

treatment and data of serum biochemical parameters related

to kidney function (urea, creatinine, BUN, uric acid) and

tissue biochemistry of kidney for oxidative stress (LPO,

MDA, catalase, GSH, SOD, GPx). Additional information

included dose and time dependent amelioration in herbal

treatments.

Data synthesis: We conducted a comprehensive meta

analysis using mean values to display the trend of renal

protection by different herbal formulations in gentamicin

exposed animals (Hedge 2014) and calculated I2 (Higgins

et al. 2003) using nephroprotection according to type of

extract, their dose and mode of treatment.

RESULTS AND DISCUSSION

Meta-analysis of studies under review revealed that herbal

formulations reduced levels of urea, uric acid, BUN,

creatinine in the serum; and of LPO and MDA in the kidney

of gentamicin exposed animal models compared to controls

receiving only gentamicin (Table 1). Antioxidant levels in

kidney however, followed opposite trend (Table 1). The

implications of these findings shall be improvement in the

kidney functions (Silan et al. 2007) and reduction in free

radicals induced injuries in the kidney (Gulcin 2006,

Stojiljkovic et al. 2008).  In nut shell, administration of herbs

(extract/powder) reduced toxic effects of gentamicin in the

kidney.

The values of Z, point estimate or odd ratio (RR) and CI

were less than 1 for the overall study of urea, uric acid,

creatinine, BUN, LPO and MDA (Table 1) and diamonds

Table 1. Values of point estimate, Z, Q and I2 for various parameters.

 

Parameters 

Effect size and 95% interval Test of null 

(2-Tail) 

Heterogeneity 

No. of 
studies 

Point 
estimate 

Lower 
limit 

Upper 
limit 

Z- value P- 
value 

Q- value Df (Q) P- 
Value 

I-Square 

Creatinine 552 0.598 0.544 0.657 -10.696 0.0 76.058 551 1 -624.45% 

Urea 404 0.645 0.607 0.685 -14.253 0.0 166.577 403 1 -141.93% 

BUN 220 0.570 0.525 0.619 -13.323 0.0 119.348 219 1 -83.50% 

Uric acid 101 0.698 0.583 0.836 -3.901 0.0 10.555 100 1 -847.4% 

LPO 43 0.539 0.419 0.692 -4.830 0.0 19.290 42 0.999 -117.72% 

MDA 106 0.645 0.562 0.740 -6.239 0.0 20.042 105 1 -423.90% 

SOD 120 1.562 1.369 1.782 6.632 0.0 33.013 119 1 -260.46% 

CAT 116 1.775 1.546 2.038 8.155 0.0 45.580 115 1 -152.30% 

GSH 153 1.713 1.505 1.950 8.147 0.0 46.287 152 1 -228.39% 

GPX 40 1.480 1.175 1.865 3.328 0.0 11.021 39 1 -253.87% 
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Fig.1a. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 1b. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig.1c. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 1d. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 1e. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 1f. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 1g. Forest plot analysis of creatinine for nephroprotective species against gentamicin induced toxicity
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Fig. 2a. Forest plot analysis of urea for nephroprotective species against gentamicin induced toxicity
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Fig. 2b. Forest plot analysis of urea for nephroprotective species against gentamicin induced toxicity
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Fig. 2c. Forest plot analysis of urea for nephroprotective species against gentamicin induced toxicity
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Fig. 2d. Forest plot analysis of urea for nephroprotective species against gentamicin induced toxicity
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Fig. 2e. Forest plot analysis of urea for nephroprotective species against gentamicin induced toxicity
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Fig. 3a. Forest plot analysis of BUN for nephroprotective species against gentamicin induced toxicity
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Fig. 3b. Forest plot analysis of BUN for nephroprotective species against gentamicin induced toxicity
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Fig. 3c. Forest plot analysis of BUN for nephroprotective species against gentamicin induced toxicity

BUN
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Fig. 3d. Forest plot analysis of BUN for nephroprotective species against gentamicin induced toxicity
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URIC ACID

Fig. 4a. Forest plot analysis of Uric acid for nephroprotective species against gentamicin induced toxicity
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Fig. 4b. Forest plot analysis of Uric acid for nephroprotective species against gentamicin induced toxicity
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Fig. 5. Forest plot analysis of LPO for nephroprotective species against gentamicin induced toxicity
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Fig. 6. Forest plot analysis of MDA for nephroprotective species against gentamicin induced toxicity
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Fig. 7. Forest plot analysis of SOD for nephroprotective species against gentamicin induced toxicity
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Fig. 8a. Forest plot analysis of CAT for nephroprotective species against gentamicin induced toxicity
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Fig. 8b. Forest plot analysis of CAT for nephroprotective species against gentamicin induced toxicity
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Fig. 9a. Forest plot analysis of GSH for nephroprotective species against gentamicin induced toxicity
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Fig. 9b. Forest plot analysis of GSH for nephroprotective species against gentamicin   induced toxicity
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Fig. 10. Forest plot analysis of GPX for nephroprotective species against gentamicin induced toxicity
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were on the left hand side of null effect line in the forest plots

suggesting ameliorating role of herbal formulations in

gentamicin treated animals (Fig. 1g, 2e, 3d, 4b, 5, 6).

Considering point estimates for various parameters, overall

effectiveness of herbal formulations were in the following

order.

LPO> BUN>Creatinine>MDA=Urea>Uric acid

In contrast, values of Z, point estimate or odd ratio (RR)

and CI were more than 1 for the overall study of antioxidants

(Table 1) and diamonds were on the right hand side of null

effect line in the forest plots suggesting reduction in the

oxidative stress in the kidney of gentamicin treated animals

(Fig. 7, 8b, 9b, 10). Based on point estimate values, overall

effectiveness of plant extracts in maintaining higher antioxidant

levels in the kidney of treatments was in the following order.

CAT>GSH>SOD>GPX

The odd ratios and CI values helped in classifying both least

and most protective plant species (Table 2) whereas forest

plots helped in indentifying relatively more ameliorative herbal

treatments in which CI values did not overlap No Effect Line

of forest plots (Fig. 1-10). Interestingly few most reno-

protective species of Table 2 were missing in Table 3 because

their CI values overlapped No Effect Line in the forest plots.

Maximum number of ameliorative species were recorded

for serum urea (16 species) followed by blood urea nitrogen

(8 species) while number declined for other parameters

ranging between 3-4 species for creatinine, LPO, GSH, CAT

and only single species for MDA, SOD and GP
X
. Interestingly

few species were found effective for 2-3 parameters;

Glycine max and Camelia sinensis for urea and creatinine,

Nigella sativa for urea and BUN, Trigonella foenum

graceum for LPO, MDA, GSH, CAT and Cyperus

scariosus for urea, SOD and GSH (Table 3).

Table 2. List of least and most protective plant species, and species having maximum percentage weightage in the

overall studies for various parameters including their formulations

Parameters  Total no. 
of 

studies 

Least  Protective Plant Species 
Species               Formulation       Odd ratio 

Most  Protective Plant Species 
Species               Formulation             Odd 
ratio 

Species having maximum 
% weightage 

Species       Formulation 

Creatinine 552 Momordica dioica EtOH leaf extract  
(@ 200 mg/kg bw) 

1.714 Punica 
granatum 

Seed oil 
(@ 0.4 mL/kg 
bw) 

0.057 Camellia 
sinensis 

Tablet extract 
(@ 300 mg/kg 
bw) 

Urea 404 Tribulus terrestris 
+ Crataeva 
nurvala 

Aq fruit extract  
(@ 65 mg/kg bw) 
 + Aq bark extract  
(@ 65 mg/kg bw) 

2.545 Aristolochia 
indica 

MeOH leaf 
extract 
(@ 500 mg/kg 
bw) 

0.104 Piper 
cubeba 

Fruit Powder  
(@ 810 mg/kg 
bw) 

BUN 220 Althea officinalis EtOH fruit extract 
(@ 500 mg/kg bw) 

2.222 Myrmecodia 
tuberosa 

Aq. tuber extract 
(@ 4000 mg/kg 
bw) 

0.052 Panax 
ginseng 

Root Aq 
extract 
 (@100 mg/kg 

bw) 
Uric acid  101 Tacoma stans Ethyl acetate flower 

extract 
(@ 100 mg/kg bw) 

2.033 Casuarina 
equisetifolia 
 

MeOH leaf 
extract  
(@ 300mg/kg 
bw) 

0.364 Crocus 
sativus 

EtOH petal 
extract  
(@ 80mg/kg 
bw) 

LPO 
 

43 Verbascum 
thapsus  

MeOH leaf extract 
(@ 250 mg/kg bw) 

1.285 Trichosanthes 
dioica  

MeOH leaf 
extract (@400 

mg/kg  bw)   

0.039 Camellia 
sinensis  

Tablet extract 
(@300mg/kg 

bw) 
MDA 106 Punica granatum  Seed oil 

(@0.4mL/kg bw) 
1.875 Trigonella 

foenum 
graceum 

Aq. seed extract 
(@ 800mg/kg 
bw) 

0.182 Ficus carica HydroEthanoli
c fruit extract 
(@ 750 mg/kg 
bw) 

SOD 128 Rheum emodi Chloroform rhizome 
extract 
(@ 50 mg/kg bw) 

0.431 Cyperus 
scariosus 

Hydroalcoholic 
root extract 
(@ 150 mg/kg 

bw) 

21.685 Camellia 
sinensis 

Tablet extract 
(@ 300 mg/kg 
bw) 

Catalase 116 Sida rhomboi-
boidea 

Aq. leaf extract 
  400 mg/kg bw) 

0.524 Portulaca 
oleracea 

Aq. whole plant 
extract 
(@ 400 mg/kg 
bw) 

19.0 Cocos 
nucifera 

Cocos milk  
(@ 1mL/kg 
bw) 

GSH 156 Ixora brachiata Ethyl acetate leaf 
extract  

(@ 200 mg/kg bw) 

0.452 Cyperus 
scariosus 

Hydroalcoholic 
root extract 

(@ 150 mg/kg 
bw) 

7.321 Petroselinu
m sativum 

Powder whole 
plant 

(@ 5%) 

GPX 40 Enicost-emma 
littorale 

EtOH whole plant 
extract 
(@ 2500 mg/kg bw) 

0.500 Allium sativum Seed extract  
(@ 150 mg/kg 
bw) 

5.803 Vitis vinifera 
 

Aq seed extract 
(@ 150 mg/kg 
bw) 

 Abbreviation: Aq = Aqueous, EtOH = Ethanol, MeOH = Methanol
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Table 3. List of significant studies recorded in meta-analysis of urea, creatinine, uric acid, BUN, LPO and MDA

S. No. Plant species Odd ratio 

Urea 
1 Aristolochia indica Lf MeOH Ext 500 0.104 
2 Costus afer  Lf Aq Ext 375 0.117 
3 Spharanthes indicus WP EtOH Ext 300 0.183 
4 Nigella sativa Cur Seed oil 2mL/kg (26d) 0.186 

5 Casuarina equisetifolia Pre Lf M eOH Ext 300 0.201 
6 Spharanthes indicus WP EtOH Ext 150 0.241 
7 Glycine max Sd PeOH Ext 500 0.260 
8 Glycine max Sd PeOH Ext1000 0.260 
9 Piper cubeba Pre Fr Pow 810 0.260 
10 Punica granatum Con Fr Aq Ext 100 0.268 
11 Coriandrum sativum WP EtOH Ext 400 0.270 

12 Casuarina equisetifolia Cur Lf MeOH Ext 300 0.277 
13 Piper cubeba Pre Fr Pow1220 0.278 
14 Tribulus terrestris + Crataeva 

nurvala 
Pre Aq Fr extract 30 + Aq bark extract 30  0.289 

15 Boerhavia diffussa Con + Cur Rt 4000 0.298 
16 Piper cubeba Cur Fr Pow 810 0.302 
17 Cyperus scariosus Cur Rt HydAlc Ext 150 0.307 

18 Cyperus scariosus Cur Rt HydAlc Ext 150 0.310 
19 Benincasa hispida Sd EtOH Ext 500 0.322 
20 Camellia sinenesis Lf EtOH Ext 300 0.327 
21 Piper cubeba C Fr Pow 810 0.370 
Creatinine 
1 Glycine max Sd PeOH Ext 500 0.189 

2 Glycine max Sd PeOH Ext 1000 0.189 
3 Eclipta alba Lf EtOH Ext 300  0.220 
4 Eclipta alba Lf EtOH Ext 600 0.254 
5 Camellia sinenesis Lf EtOH Ext 300 0.321 
BUN 
1 Myrmecodia tuberosa Tuber Aq Ext  1000 0.052 
2 Myrmecodia tuberosa Tuber Aq Ext  2000 0.054 
3 Myrmecodia tuberosa Tuber Aq Ext  4000 0.163 

4 Nigella sativa Cur Seed oil 2mL/kg (20d) 0.172 
4 Panax ginseng Rt Aq Ext200 0.179 
5 Nigella sativa Cur Seed oil 2mL/kg (16d) 0.190 
6 Panax ginseng Rt Aq Ext 100 0.193 
7 Bauhinia purpurea Lf EtOH Ext 300 0.202 
8 Citrus aurantium Fr EtOH Ext 200 0.245 
9 Mentha piperata Lf EtOH Ext 200 0.256 
10 Sida cordifolia Lf EtOH Ext 200 0.273 

11 Allium sativum Con Clove EtOH  Ext 20 0.293 
SOD 
1 Cyperus scariosus Cur Rt HydAlc Ext 150 21.685 
LPO 
1 Trichosanthes dioica Lf MeOH Ext 400 0.039 
2 Rheum emodi Rh SB Ext  50 0.202 
MDA 

1 Trigonel la foenum graceum Sd Aq Ext 800 0.182 
GPX 
1 Allium sativum Clove Aq Homo 500 5.803 
GSH 
1 Cyperus scariosus Cur Rt HydAlc Ext 150 7.321 
2 Cyperus scariosus Cur Rt HydAlc Ext 250 7.005 

3 Trigonel la foenum graceum Sd Aq Ext 800 5.466 
4 Hygrophilla spinosa WP EtOH Ext 250 3.553 
5 Hygrophilla spinosa WP EtOH Ext 50 3.066 
6 Zingiber off icinale Rh gingerol fraction 25 2.822 
7 Trigonel la foenum graceum Sd Aq Ext 400 3.312 
CAT 
1 Trigonel la foenum graceum Sd Aq Ext 800 11.437 

2 Trigonel la foenum graceum Sd Aq Ext 400 6.095 
3 Olea europaea Lf EtOH Ext 80 4.466 
4 Olea europaea Lf EtOH Ext 40 4.232 
5 Graptophyllum pictum Lf PeOH Ext 300 2.744 

Abbreviation: Fr = Fruit, Lf = Leaf, Rh = Rhizome, Rt = Root, Sd =Seed, WP = Whole plant

Aq= Aqueous, Con = Concomitant, Cur = Curative, EtOH = Ethanol, Ext = Extract, Hex =Hexane, Homo = Homogenate, HydAlc =

Hydroalcoholic, MeOH= Methanol, PeOH = Phenol, Pow = Powder, Pre = Preventive, SB = Sodium bicarbonate
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Because I2 values for all the parameters were negative

suggesting all studies to be homogenous and findings were

statistically highly significant (p = 0.000) affirming reno-

protection at the met analysis level to gentamicin + plant

extract treatments in comparison to control.

Perusal of funnel plots for urea, creatinine, BUN, uric acid,

SOD, CAT, GSH, GPX, LPO and MDA revealed maximum

numbers of studies converging at the tip of funnel were almost

equally distributed on both sides of average line on account

of lower SEM while fewer studies having higher SEM were

distributed at the base (Fig.  11,12).  The range of log odd

ratios affected shape of funnel.  Its narrower range reduced

base for funnel plots of urea, uric acid, BUN, creatinine in

comparison to SOD, catalase, GSH, GPX, LPO and MDA.

All dots were within funnel plots for uric acid, creatinine,

MDA, GPX and GSH whereas few dots (1-4) were outside

funnel plots for urea, BUN, SOD, CAT and LPO.  These

findings suggest unbiasness in the publications. Further

majority of the studies were more precise since these were

closer to the average value and having lesser standard error.

Fig. 11. Funnel plot analysis for Creatinine (A), Urea (B), Blood urea nitrogen (BUN) (C), Uric acid (UA) (D), LPO (E) and MDA (F) for

nephro-protective species against gentamicin induced toxicity
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Fig. 12. Funnel plot analysis for SOD (A), Catalase (B), GSH (C), GPX(D) for nephroprotective species against gentami-

cin induced toxicity

CONCLUSION

During meta-analysis, plant species in combination were

found more renoprotective in comparison to individual species

(Fig.  1-10). We therefore, suggest that ameliorative role of

the most protective plant species listed in Table 2 and 3 may

be explored further in combination for formulating most

potent renoprotective drug. Interestingly many of these

species not only grows abundantly but also  consumed since

ages as fruit (Punica granautm), hot/cold drink (Camellia

sinensis), in the preparation of cuisines (Allium sativum,

Citrus aurantium, Coriandrum sativum, Mentha

piperata, Trigonella foenum graceum, Trichosanthes

dioica, Zingiber officinale, Nigella sativa) and drugs in

India (Ayurvedic) and other Asian countries (Boerhavia

diffusa, Piper cubeba, Myrmecodia tuberose, Eclipta

alba, Hygrophilla spinosa, Panax ginseng, Tribulus

terrestris, Crataeva nurvula,  Sida cordifolia, Rheum

emodi, Bauhinia purpurea, Cyperus scariosus,

Aristolochia indica). These locally growing/available species

may play an important role in the healthcare of rural areas

where access to modern medicare is poor and also people

have strong belief in the herbal medicines.
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