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The antioxidant effects of water-ethanol extract (WEE) from Turnera diffusa (damiana) 

in kidney mitochondria from experimental streptozotocin-induced diabetes mellitus 

(STZ-DM) rats was evaluated. STZ-DM rats were orally treated during three and five 

weeks. After experimental periods, kidney mitochondria were isolated and 

malondialdehyde (MDA), nitric oxide (NO•) and protein nitrosylation levels were 

measured. Also, blood glucose (BG) and body weight (BW) were recorded.  Damiana 

significantly reduced the MDA and NO• levels in kidney mitochondria, although no 

changes in protein nitrosylation were observed and it did not have the potential to 

reverse the hyperglycaemia.  In conclusion, WEE of T. diffusa have antioxidant 

properties that may prevent damage induced by mitochondrial oxidative stress in 

kidneys of STZ-DM rats.  

Experimental 

Plant material 

For this study we used Turnera diffusa Willd. ex Schult.  (damiana) cultivated in a 

greenhouse under the responsibility of Lilia Alcaraz-Meléndez. Original wild samples were 

identified by Sergio Real-Cosío CIBNOR staff, and a herbarium voucher with accession 

number (HCIB30069) was already deposited at CIBNOR. The plant material (aerial parts) 

were dried, pulverised, and stored at room temperature in a dry and protected place from light 

until use. 

Extract preparation 

Extracts were prepared by maceration (25° C, five days) by adding 10 ml of water-ethanol 

(1:1) per gram of dried powdered plant material. It was then filtered, and the filtrate, the 

ethanol was evaporated in a rotary evaporator at 45° C under reduced pressure (Centrivap 



Evaporator LabConco, Kansas City, MO, USA) at to a final concentration of 150 mg/mL and 

then stored at 4° C until use. The yield quantities of WEE were 21.5 mg/g (2.15%) of dried 

plant. 

Experimental animals 

Male Wistar rats weighing 150-200 g were obtained from the animal house of the FES-

Iztacala-UNAM. Animals were housed and maintained at room temperature with a normal 

day and night cycles (12 h); they were fed with Purina™ nutrition and tap water ad libitum. 

All animal procedures were conducted with the internationally accepted principles in 

accordance with Mexican Federal Regulations for Animal Experimentation and Care (de 

Aluja 2002), and protocols were approved by the Institutional Ethics Committee of CIBNOR 

for the use and care of animals. 

Diabetes induction  

Rats were previously subjected to fasting for 24 h and Type 1 DM was induced in rats by the 

intraperitoneal injection of freshly prepared STZ at a single dose of 65 mg/kg (Ganda et al. 

1976) dissolved in 0.1 M (pH 4.5) citrate buffer solution BW. Control rats were injected with 

citrate buffer. Five days after STZ injection, the animals fasted overnight, and blood was 

withdrawn from the tail vein, and BG levels were determined using an Accucheck-performa 

system by Roche
®
. Rats were diabetic when their fasting blood glucose levels were more than 

140 mg/dL. BG were monitoring every five days after eight hours of fasting. Animals 

exhibiting BG levels and whose basal glycaemia was ≥140 mg/dl were considered to carry 

out the protocols. Animal BW was recorded at the same time to adjust the dose using a digital 

scale. 

Experimental protocol 

Forty-eight healthy, male Wistar rats were placed first into two general groups: three (n=24) 

and five weeks (n=24). Then each one was divided into four groups (n = 6): Control (C); 

Control + WEE (C + E); Diabetic (DM); and Diabetic + WEE (DM + E). C and DM groups 

received the vehicle (water) and C + E and DM + E the extract (150 mg/kg of WEE). Vehicle 

and extract were given by oral gavage every day for three (first group) or five weeks (second 

group) starting after DM were confirmed.  



Mitochondria isolation 

Kidney mitochondria were isolated by standard differential centrifugation as described 

previously
 
(Saavedra-Molina & Devlin 1997). Briefly, animals were beheaded and kidneys 

removed. Kidneys were gently homogenised in a medium containing 220 mM mannitol, 70 

mM sucrose, 10 mM MOPS, 1 mM EGTA (pH 7.4), and 0.2% BSA. After differential 

centrifugation, the mitochondrial pellet was suspended in a medium containing 220 mM 

mannitol, 70 mM sucrose, 10 mM MOPS (pH 7.4). All centrifugations were carried out at 4° 

C. Additionally, mitochondria was purified in a Percoll gradient. Protein concentration was 

determined by Bradford reagent by Sigma Aldrich™ using BSA as standard in a Thermo 

scientific Multiskan Spectrum, Vanta, Finland. 

Mitochondrial MDA 

Lipid peroxidation was evaluated by measuring thiobarbituric acid reactive species (TBARS) 

determined by the reaction of malondialdehyde (MDA) with thiobarbituric acid (TBA) to 

form a colorimetric (532 nm in a Thermo Scientific Multiskan Spectrum) product, 

proportional to the MDA present. We used a MDA assay kit by Sigma Aldrich™ and 

followed the recommendations of the manufacturer to obtain TBA-MDA adduct. The amount 

of MDA in the samples could be determined from the standard curve and reported in nmoles 

mg
-1

 of protein. 

Mitochondrial nitric oxide 

Nitric oxide (NO•) metabolite content was determined by using the Griess colorimetric 

reaction according to Green et al. (1982) and adapted for microplate reader. Aliquots 

containing one mg of protein were incubated at room temperature in a medium containing 75 

mM MOPS, 5 mM KH2PO4, 15 mM KCl, 3 mM MgCl2, 220 mM manitol, and 1 mM EGTA. 

After 30 min of incubation, the samples were centrifuged at 5000 rpm; 140 µL were placed in 

a micro plate and Griess reagents (1% (wt/vol) sulfanilamide and 1% (wt/vol) n-alpha-

naphthyl-ethylenediamine) were added. The mixtures were incubated for 10 min; the 

standard curve of sodium nitrite was used to calculate the amount of NO• by measuring 

absorbance (540 nm in a Thermo scientific Multiskan Spectrum). 



Nitrosylation of mitochondrial proteins by electrophoresis and immunoblotting 

detection 

Samples containing 60 µg of mitochondrial proteins were mixed with a sample buffer and 

resolved on 13% SDS-PAGE (Laemmli 1970) and then blotted (Towbin et al. 1979) on 

PVDF membranes (Amersham Biosciences). The membranes were blocked with 5% of 

gelatin in Tris-buffered saline (TBS) for one h and then incubated with an anti-3-nitrotyrosine 

antibody (polyclonal anti-nitrotyrosine 3-NT, Santa Cruz Biotechnology) diluted 1:2000 in 

5% TBS-T gelatin overnight and washed three times with TBS-T, followed by two h 

incubation with peroxidase-labeled secondary antibody (donkey anti-mouse IgG, Santa Cruz 

Biotechnology, Inc.) diluted 1:4000 in 5% TBS-T gelatin. Immunoreactive proteins were 

detected with diaminobenzidine and hydrogen peroxide.  

Statistical analysis  

The results were expressed as the mean ± standard error of the mean (SEM) of at least six 

independent experiments. Statistical significances (p ≤0.05) were determined with the 

Student´s t-test using Sigma Plot 12.3 Systat Software, Inc. Sigma Plot for Windows.  
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(1) Table S1. Effects of water-ethanol extract of T. diffusa on MDA and NO. 

Experimental  

groups 

C C + E DM DM + E 

 3 weeks    

MDA (nmoles/mg prot.)  2.30  ± 0.05
 

2.37 ± 0.10
 

3.24 ± 0.07 3.14 ± 0.20 

NO (µMole/mg prot.) 0.5  ± 0.03
 

0.4 ± 0.03
 

0.7 ± 0.02 0.2 ± 0.05*
 

  

5 weeks 

   

MDA (nmoles/mg prot.)  7.60 ± 0.13 6.50 ± 0.31* 7.80 ± 0.23 3.30 ± 0.14* 

NO (µMole/mg prot.) 0.6 ± 0.05
 

0.6 ± 0.03  0.7 ± 0.07 0.4 ± 0.02*
 

     

Results represent mean of at least n= 6 ± SEM. C = Control groups; C + E = Control group 

plus 150 mg/kg BW of WEE. DM = Diabetes mellitus groups; DM + E = Diabetes mellitus 

groups plus 150 mg/kg BW of WEE. 
*
Significant statistical differences (p ≤ 0.05).    

 

(2) Table S2. Effects of water-ethanol extract of T. diffusa on blood glucose. 

Experimental  

groups 

C C + E DM DM + E 

 3 weeks    

Initial glucose (mg/dL)  99.66 ± 2.90
 

103.40 ± 6.31
 

383.83 ± 11.92
b
 428.66 ± 21.54

b
 

Final glucose (mg/dL) 102.83 ± 4.91
 

107.20 ± 3.13
 

514.83 ± 

30.32*
a
 

461.16 ± 

18.89*
a
 

  

5 weeks 

   

Initial glucose (mg/dL)   109.33 ± 2.10 108.66 ± 4.98 360.00 ± 7.62
b
 368.00 ± 8.25

b
 

Final glucose (mg/dL) 120.16 ± 2.19
 

113.50 ± 4.35  489.33 ± 

13.15*
a
 

468.83 ± 

12.30*
a
 

     

Results represent mean of  6 rats ± SEM. C = Control groups; C + E = Control group plus 

150 mg/kg BW of WEE. DM = Diabetes mellitus groups; DM + E = Diabetes mellitus 

groups plus 150 mg/kg BW of WEE. Control groups are normoglycemic; the normal values 

are 75-135 mg/dL of  BG.  
*
Significant statistical differences between initial and final BG in 

DM and DM+E groups (p<0.001).    



(3) Table S3. Effects of water-ethanol extract of T. diffusa on body weight. 

Experimental  

groups 

C C + E DM DM + E 

 3 weeks    

Initial weight (g)  152.83 ± 3.97
b 

154.80 ± 3.55
b
  202.83 ± 4.23

b
 195.66 ± 4.24

a
 

Final weight (g) 342.33 ± 10.7*
a
 309.20 ± 6.65

 *a
 136.33 ± 7.75*

a

  

184.50 ± 

16.61**
a
 

  

5 weeks 

   

Initial weight (g) 146.00 ± 3.34
b
 157.66 ± 4.59

b
 198.50 ± 4.77

b
 202.50 ± 3.12

a 

Final weight (g) 371.33 ± 15.44*
a 
 355.66 ± 12.95*

a 
158.83 ± 13.43

*a 
 189.16 ± 

12.00**
a 

     

Results represent mean of 6 rats ± SEM. C = Control groups. C + E = Control group plus 150 

mg/kg BD of water-ethanol extract. DM = Diabetes mellitus groups. DM + E = Diabetes 

mellitus groups plus 150 mg/kg BD of water-ethanol extract. 
*
Significant statistic differences 

between initial and final BW  in C, C+E and DM groups for 3 and 5 weeks  (p <0.001).   
** 

Non significant statistical differences between initial and final BW in DM + E groups for 3 

weeks (p=0.52) and 5 weeks (p=0.35).  


