
 

 https://biointerfaceresearch.com/  7125 

Article 

Volume 12, Issue 5, 2022, 7125 - 7135 

https://doi.org/10.33263/BRIAC125.71257135 

 

Extracts of Different Organs of Macadamia Nut Tree 

(Macadamia Integrifolia) Ameliorate Oxidative Damage 

in D-Galactose Accelerated Aging Model in Rats 

Seham El-Hawary 1 , Mohammed Abubaker 2,3 , Engy A. Mahrous 1
,*

 

1 Pharmacognosy Department, Faculty of Pharmacy, Cairo University, Cairo, Egypt, seham.elhawary@pharma.cu.edu.eg 

(S.S.); engy.abdelhamid@pharma.cu.edu.eg (E.A.M.); 
2 Pharmacy department, Thamar University, Dhamar,  Republic of Yemen 
3 Department of Medicine, McGill University Health Center Research Institute, McGill University, Montreal, Quebec, 

Canada, banabila550@gmail.com (M.A.); 

* Correspondence: engy.abdelhamid@pharma.cu.edu.eg (E.A.M); 

Scopus Author ID 13006535500 

Received: 28.09.2021; Revised: 1.11.2021; Accepted: 5.11.2021; Published: 21.11.2021 

Abstract: Macadamia nut tree, Macadamia integrifolia (Maiden & Betche), is cultivated for the 

production of the edible macadamia nuts, which are a good source of monounsaturated fatty acids. We 

investigated the effect of ethanolic extracts of leaves, nuts, and nutshells of macadamia in D-galactose 

accelerated aging model in rats. Administration of D-galactose (150 mg/kg) in rats for 60 days resulted 

in impairment of cognitive function and motor coordination and caused an increase in oxidative stress 

and deterioration of liver and kidney functions. Macadamia nut extract ameliorated cognitive 

impairment induced by D-galactose as inferred from Morris water maze test and balance test using 

rotarod. Also, nut extract was superior to leaves and shell extract in reducing serum levels of 

malondialdehyde (50%), alanine transaminase (63%), aspartate transaminase (63%), total bilirubin 

(24%), creatinine (38%), and urea (16%) compared to animals that received no treatment.  Chemical 

analysis showed that macadamia nut extract has a high percentage of oleic acid (81%) followed by 

palmitoleic acid (6.9%). This study encourages further investigation of the health benefits of macadamia 

nuts and the underlying mechanism of these effects.  

Keywords: Macadamia nut; D-galactose aging model; cognitive impairment; oleic acid; palmitoleic 

acid. 
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1. Introduction 

Macadamia nut is the fruit kernel obtained from two species of the genus Macadamia: 

M. integrifolia (Maiden &Betche) and M. tetraphylla (L.A.S Johnson), family Proteaceae. 

Macadamia integrifolia, the smooth-shelled macadamia, is indigenous to the subtropical 

coastal region of Australia but is currently cultivated in different areas around the world, 

including Hawaii and South Africa [1,2]. Macadamia nuts are a rich source of monounsaturated 

fatty acids MUFA [3,4] as well as plant sterols where β-sitosterol, 5-avenasterol, campesterol, 

stigmasterol were identified as major constituents [5]. Meanwhile, macadamia nuts have 

relatively low phenolic content compared to other edible nuts such as pistachios [5], and its 

major phenolic constituent is reported to be the cyanogenic glycoside dhurrin [6,7]. It should 

be noted that apart from the edible nuts, other plant organs have not been fully investigated for 

their phytochemical constituents [3,8] 
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Macadamia nut oil is often incorporated in skin creams, especially those intended as 

anti-aging preparations due to their high content of MUFA and Vitamin E [9,10]. Its high 

content of MUFA may also be responsible for the decreased risk of coronary artery diseases 

and improved blood lipid profile observed in hypercholesterolemic human subjects who 

incorporated macadamia nuts in their diet [11–13]. Additionally, preliminary animal 

experiments found that supplementation with macadamia oil can affect anthropometric indices 

in obese individuals [14]. 

In this study, we investigate the effect of extracts obtained from different plant organs 

in deterring signs of senescence induced by the administration of D-galactose. Accelerated 

aging by D-galactose in rats is a widely used model for discovering anti-aging therapeutics 

[15,16]. D-galactose is converted in the body to aldose at high doses, releasing reactive oxygen 

species and disrupting oxidative balance. The subsequent oxidative stress causes significant 

inflammation and loss of proper cellular function, negatively affecting vital organs, immune 

response, and neurological functions, ultimately reducing life expectancy [17]. Herein we study 

the effect of administration of macadamia nut extract (MNE) and extracts obtained from 

agricultural waste, including macadamia leaves extract (MLE) and macadamia shell extract 

(MSE) in D-galactose aged rats with particular focus on their effects on the liver, kidney, and 

neurological functions. 

2. Materials and Methods 

2.1 Plant material. 

Leaves and seeds of Macadamia integrifolia Maiden & Betche used in this study were 

collected in March 2017 from Horticulture Research Institute, Agriculture Research Center, 

Giza, Egypt. Dr. Reem Sameer Hamdi, assistant professor of plant taxonomy at Department of 

Botany, Faculty of Sciences, Cairo University, kindly authenticated plant identity. A voucher 

specimen (19.9.16) was deposited at the herbarium of Pharmacognosy Department, Faculty of 

Pharmacy, Cairo University 

2.2. Chemicals. 

Dhurrin, protocatechuic acid, and gallic acid were isolated from leaves extract as 

described previously [18]. -Tocopherol, kaempferol, and hesperidin were kindly supplied by 

Food Technology Research Institute, Giza, Egypt.  D-galactose was purchased from Sigma-

Aldrich (St'Louis, MO, US). Different fatty acids methyl esters used as external standards for 

gas chromatography analysis were supplied by National Research Center, Giza, Egypt. 

2.3. Preparation of plant extract.  

200 g of each of the air-dried powder kernels, shells, and leaves of M. integrifolia were 

separately macerated in successive portions of ethyl alcohol 95% till exhaustion. The alcoholic 

extracts were pooled and evaporated under vacuum to obtain 77.14, 36.8, and 41 g residues of 

MNE, MSE, and MLE, respectively. 

2.4. Gas chromatography analysis of the fatty acid composition of extracts. 

Two grams of each extract were saponified with 10% ethanolic KOH (50 mL)  under 

reflux conditions [19]. After shaking with ether to recover unsaponifiable matter, the aqueous 
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solution was acidified and extracted repeatedly with ether. The combined ether extract was 

methylated using a concentrated HCl: methanol: water mixture described previously to produce 

fatty acid methyl esters, FAMEs [20]. Ether was used to recover FAMEs, which were injected 

into a gas chromatography system (Agilent 6890) equipped with capillary column: TG-5MS 

fused silica (30 m x 0.32 mm, film thickness 0.25 m). Helium was used as a carrier gas, and 

the temperature program started at 50 ºC for 3 minutes, then to 300 ºC at a rate 5 ºC/min, then 

isothermal at 300 ºC for 5 minutes. Eluted peaks were identified based on their relative 

retention time in comparison to FAMEs standards. 

2.5. HPLC analysis of extracts.  

HPLC analysis was performed using Hewlett Packard (Series 1050) equipped with 

solvent degasser, ultraviolet (UV) detector set at 280 nm, and Phenomenex C18 column (250 

mm x 4.6 mm) maintained at a temperature at 35 °C. Separation was achieved isocratic using 

methanol:acetic acid: water (36:0.9:63.1, v/v/v) as a mobile phase at a flow rate of 1 mL/min. 

External standards were dissolved in the mobile phase at concentration 0.1-10 mg/mL and 

analyzed under the same conditions to establish a standard calibration curve. -tocopherol 

content was determined according to the method described by Pyka & Sliwiok [21]. 

2.6. Effect of extract in D-galactose accelerated aging animal model. 

2.6.1. Animals. 

Forty Wister albino male rats weighing from 200-225 g were used for D-galactose 

induced toxicity experiment. The animals were obtained from the animal house colony of the 

National Research Centre, Giza, Egypt, and were housed in standard metal cages in an air-

conditioned room at 22 ± 3 C and 55 ± 5% humidity. Animals were provided with a standard 

laboratory diet and water ad libitum. All experimental procedures were conducted in 

accordance with the guide for the care and use of laboratory animals and in accordance with 

the Ethics Committee of the National Research Centre and followed the recommendations of 

the National Institutes of Health guides for care and use of laboratory animals. 

2.6.2 D-galactose accelerated aging model. 

Animals were divided into five groups (each containing 8 rats). Group 1 served as 

normal control receiving saline, and the rest were treated with D-galactose in dose 150 mg/kg 

i.p once a day for 60 days using saline as a vehicle[22]. After 60 days, group 2 received saline 

only for 30 days while groups 3, 4, 5 received intragastrically daily doses (200 mg/kg/day) of 

the investigated extracts MNE, MSE, and MLE, respectively for 30 days. 

2.6.3 Memory assessment using Morris's water maze.  

The water maze contained a circular water pool designed as described originally by 

Morris [23]. Throughout the four days, acquisition trials, an escape platform was maintained 

in a constant location in the northwest NW quadrant. Rats were trained to locate this hidden 

platform, and animals that failed to find the platform within 20 sec by the 4th trial day were 

excluded from the study. On probe day (day5), 24 h after the last acquisition trial, the escape 

platform was removed, and a retention trial was conducted. The animals were allowed to swim 

for 60 s before the end of the session. Retention trials were repeated on day 90 on all groups to 
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evaluate memory consolidation. Data were obtained through a video camera attached to a 

computerized tracking system fixed above the center of the pool. Time to reach the hidden 

platform (escape latency), latency to find the target quadrant (NW latency), and percentage of 

time spent in the target quadrant (NW) were measured.  

2.6.4 Motor coordination assessment. 

Motor coordination and balance were assessed using a rotarod apparatus (Med 

Associates, Italy) [24]. Four animals at a time were placed on a rod rotating at 30 rpm speed. 

Only the rats that demonstrated their ability to remain on the revolving rod for 5 min after 

training sessions were selected for studies. The fall-off time was recorded in all the groups. 

Motor coordination was assessed on the 83rd day before the probe trial in the Morris water 

maze. 

2.6.5 Biochemical evaluation. 

Animals were mildly anesthetized at the end of the experimental period with fluothane, 

and blood samples were collected by retroorbital sinus puncture into micro-centrifuge tubes. 

Blood was allowed to clot for half an hour and then centrifuged at 10000 rpm for 10 minutes 

to obtain serum. Collected sera were divided into aliquots and stored at −20 C. Serum 

concentration of alanine transaminase (ALT) and aspartate transamiase (AST) were estimated 

using kits by Quimica Clinica (Aplicada, Spain). Bilirubin, urea, and creatinine concentrations 

were measured using commercial kits by Bio-diagnostics, Egypt. Oxidative stress markers, i.e., 

reduced glutathione (GSH) and malondialdehyde (MDA) were estimated as described 

previously [25,26].  

2.6.6 Histopathological examination. 

Liver specimens were fixed in 10% formaldehyde and subsequently embedded in 

paraffin and sliced into slices of 4 m thickness followed by staining with hematoxylin and 

eosin (H&E) and examined under a light microscope. 

2.7. Statistical analysis. 

Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s 

post hoc test. Data were expressed as mean± standard error, and the values of P < 0.05 were 

considered statistically significant. 

3. Results and Discussion 

3.1. Chemical characterization of extracts. 

Although not widely investigated, the macadamia nut is known for its high-fat content 

(around 70% w/w) [4,27] and is recommended as a healthy diet for its high content of MUFA, 

at 65-83% [28]. Additionally, the edible kernel is one of the richest natural sources of 

palmitoleic acid [29]. -Sitosterol, 5-avenasterol, catechin, epicatechin, -tocopherol, gallic 

acid, galactolipids, and dhurrin are among the few secondary metabolites identified in M. 

integrifolia [7,18]. Our investigation confirmed the previously reported data as 

monounsaturated fatty acids, MUFA, including oleic acid and palmitoleic acids, were the major 

fatty acids identified in macadamia nuts and shells for a total MUFA content at 88.26% and 
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69.4%, respectively, Table 1. Meanwhile, leaves extract, which has not been investigated for 

its fatty acid content, showed a high percentage of saturated fatty acids and lowered MUFA 

content at 32.7%. Compared to MNE and MSE, leaves extract was more enriched in secondary 

metabolites, including the highest -tocopherol content at 8.87 mg/g, Table 2.  

Table 1. Fatty acid methyl esters (FAMEs) identified in macadamia extract and represented as a percentage of 

the total FAME. 
Identified fatty acids Rt RRt MLE MNE MSE 

Saturated fatty acids 

 

Myristic acid 33.6 0.78 2.78 0.1 0.65 

Palmitic acid 38.71 0.9 42.13 5.81 15.77 

Margaric acid 41 0.95 1.44 -- 0.33 

Stearic acid 43.66 1.01 -- 2.35 2.51 

Arachidic acid 48.29 1.12 -- 1.02 1.01 

Behenic acid 52.62 1.22 -- 0.19 0.68 

Lignoceric acid 56.6 1.31 -- 0.06 1.09 

Unsaturated fatty acid 

Palmitoleic acid 38.18 0.89 0.96 6.93 3.29 

Oleic acid 43.1 1 31.77 81.33 66.13 

Linoleic acid 42.9 0.99 14.7 0.21 5.59 

Percentage of identified components 93.78 98 97.05 

Percentage of saturated fatty acids 46.35 9.53 22.04 

Percentage of unsaturated fatty acid 47.43 88.5 75.01 

MLE: macadamia leaves extract, MNE: macadamia nuts extract, MSE: macadamia shells extract, Rt: retention 

time, RRt: retention time relative to oleic acid 

Similarly, HPLC analysis of all three extracts showed the highest concentrations of 

dhurrin, gallic acid, and protocatechuic acid were observed in leaves extract, MLE, while 

extract of the edible nut kernel (MNE) had a relatively low content of these phenolic 

compounds, Table 2. 

Table 2. Concentration of major phenolic compounds identified by HPLC and expressed as mg per gram of 

extract. 

 

Data are mean ± SD (n = 3). 

3.2 Effect of extracts on brain functions. 

We investigated the effect of different macadamia extract in D-galactose accelerated 

aging animal models. This model is widely used to study aging both in cell culture and in 

experimental animals receiving high galactose doses over a period of 6-8 weeks[17,30]. The 

model has been validated through several studies that reported an increase in biomarkers of 

aging such amyloid -protein, advanced glycation end products (AGE), shortening of telomere 

length, and increased activity of telomerase [17]. Rats treated with D-galactose for 60 days 

showed significant impairment in memory as indicated by the Morris water maze test, Table 3. 

During the probe trial on day 90, D-galactose-treated animals that received no other treatment 

spent significantly less time in the target quadrant (NW) than the control group. This memory 

deficit caused by D-galactose was significantly reversed (𝑃<0.05) by all investigated extracts, 

where MNE treatment (200 mg/kg/day) reduced escape latency time (ELT) by 63% and 

increased the time spent at the target quadrant (NW) to 81.5% compared to normal animals at 

85% (Table 3). MLE and MSE were slightly less effective, causing reduction of ELT by 61% 

Compound Rt(min)  MLE MNE MSE 

Gallic acid 3.56 2.50.09 0.750.03 2.40.01 

Dhurrin 3.92 124.20.6 21.070.2 74.730.7 

Protocatechuic 

acid 
4.503 9.30.03 1.360.02 3.040.03 

Hespiridin 6.29 0.05 0.001 0.001 

Kaempferol 10.27 0.04 0.004 -- 
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and 57%, respectively, when compared to D-galactose treated animals while increasing 

percentage of time at NW quadrant to 78 and75%, respectively, Table 3.  

The effect of D-galactose on balance and coordination was tested on an accelerating 

rotarod. All animals in D-galactose treated group showed more propensity to fall than the 

normal group with reduced latency time (Table 3). Administration of MNE prolonged latency 

to fall to 95% of the value observed in normal untreated animals (control group), while 

administration of MSE and MLE restored latency time to fall to 89.4 and 84.2% of the value 

reported for the control group, respectively (Table 3).  

Table 3. Effect of tested extracts on cognitive impairment and motor coordination caused by D-galactose. 

Groups ELT (S) NW latency  
% of the time 

in target quad 

Latency to 

fall (s) 

Normal 18.5 ± 0.23 51 ± 1.3 85  285 ± 3 

D- galactose 57.7 ± 1.2 α 27 ± 1.2 α 45 187 ± 12 α 

Leaves  24.6 ± 1.7* 45 ± 1.7* 75 240 ± 7* 

Pericarp  22.5 ± 0.9* 47 ± 1.9* 78 255 ± 9* 

Kernel  21.3 ± 5* 49 ± 2.5* 81.5 271 ± 5* 

Data are mean ± SD (n = 8).α Significant versus control (P < 0.05),*Significant versus D-galactose (P < 0.05). 

3.3. Effect on serum oxidative stress biomarkers. 

Animals that received only vehicle after treatment with D-galactose for 60 days showed 

marked elevation in serum levels of MDA by 2.2 fold and a decrease in serum GSH by 52% 

(P< 0.05) of the normal control value, Table 4. Administration of MNE at 200 mg/kg daily to 

rats treated with D-galactose caused a 47.3% increase in serum GSH and a 50% decrease in 

MDA compared to animals treated with vehicle only. Administration of MNE seemed to totally 

reverse oxidative stress status as it restored GSH to more than 97% of its levels in normal 

animals and resulted in less than 10% increase in MDA compared to the normal control group. 

Among the three tested extracts, MLE was the least effective in eliminating oxidative stress 

restoring GSH to 80% of its basal level and maintaining a 28.6% increase in MDA compared 

to normal control, Table 4. 

Table 4. Effect of tested extracts on oxidative stress parameters in D-galactose accelerated aging animals. 

Groups GSH (M/mL) 
MDA 

(mmol/mL) 

Normal 7.3 ±0.91 8.4±0.39 

D- galactose 3.53±0.41 α 18.5±1.23 α 

MLE 6.5±0.44 * 10.6±0.84* 

MSE 6.7±0.35 * 9.9±0.57* 

MNE 7.1±0.28 * 9.2±0.47* 

Data are mean ± SD (n = 8).α Significant versus control (P < 0.05),*Significant versus D-galactose (P < 0.05). 

3.4. Effect of extracts on liver functions. 

The serum concentration of alanine transaminase (ALT), aspartate transaminase (AST), 

and total bilirubin were elevated by 3.1, 3.6, and 1.4 folds, respectively, in animals receiving 

D-galactose, only indicating deterioration of liver functions. Administration of MNE 

significantly reduced serum concentration of ALT, AST, and bilirubin by 63.4, 63.3, and 

23.9%, respectively, as shown in Figure 1. Administration of MSE and MLE caused a 

significant reduction in the elevated levels of these biomarkers (P<0.05), albeit to less extent 

with MLE causing the least effective among the three investigated extracts causing a reduction 

in serum ALT, AST, and total bilirubin by 55.3, 47.3 and 16.9%, respectively, Figure 1.  
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The detrimental effect of D-galactose on the liver was further assessed by 

histopathological examination. Liver sections from rats receiving D-galactose for 60 days 

showed many pathological features, including focal hepatic necrosis associated with 

inflammatory cells infiltration and vacuolated nuclei and cystic dilation of the bile duct and 

fibroplasia in the portal triad, Figure 2 C, D. Administration of MNE at 200 mg/g greatly 

improved the alterations in liver morphology to the extent that no pathological alteration was 

observed, Figure 2 E, F. Administration of MSE caused only mild histopathological changes 

where congestion of central vein was observed, Figure 2 G, H. Meanwhile, several 

histopathological changes were observed in the hepatic tissue of animals treated with 200 

mg/kg of MLE, Figure 2 I, J. 

 
Figure 1. Effect of tested extracts on liver function biomarkers in  D-galactose accelerated aging animals. 

Serum activity of AST and ALT as U/mL (A) and total bilirubin concentration in mg/dL (B) measured in 

different animal groups. Except for the control group, all animals were treated with D-galactose for 60 days 

(150mg/kg) and received no further treatment (D-galactose ) or received 200 mg/Kg/day for 30 days of 

macadamia leaves extract (MLE), macadamia shells extract (MSE) and macadamia nut extracts (MNE).  

* significantly different from control animals (P<0.05),  # significantly different from D-galactose treated 

animals (P<0.05). 

3.5. Effect of extracts on kidney functions. 

Similar to liver functions, biomarkers indicators for kidney functions were elevated in 

D-galactose-treated rats. Accelerated aging by D-galactose resulted in a 1.8 and 1.3 fold 

increase in serum concentration of creatinine and urea while causing a reduction in serum 

proteins by 35%, Figure 3. Administration of any of the three investigated extracts caused a 

significant reduction of creatinine (19.4-37.8%) and elevation in total serum protein (35.3-

60.7%), P<0.05. Meanwhile, the effect of extracts in serum urea level was less prominent (4-

16%), Figure 3. It is worth mentioning that MNE showed better overall restoration of kidney 

functions among the three investigated extracts. 

In order to correlate the observed activity to the chemical composition of each extract, 

it is important to note that macadamia nuts are far richer in fats and proteins (68%, 20.8 w/w) 

when compared to leaves (5 and 6.6%, respectively), [27]. Interestingly, while leaves extract 

was more enriched in phenolic antioxidant compounds such as -tocopherol, gallic, 

protocatechuic acids, and dhurrin than shells and nut extract, it showed the least activity in our 
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in vivo model, including the least ability to reverse oxidative stress. Therefore, it can be 

suggested that a high percentage of oleic acid and MUFA in MNE and MSE may play a more 

significant role in restoring brain functions and oxidative balance than phenolic compounds. In 

support of this theory, oleic acid has been shown to exert a neuroprotective effect mediated 

through PPAR- anti-inflammatory action [31]. Furthermore, other vegetable oils enriched in 

oleic acid (such as olive oil) are known to have anti-inflammatory and antioxidant activities 

that modulate aging [32]. 

 
Figure 2. Photomicrographs of liver sections obtained from animals receiving different treatments. (A, B ) 

Normal histological structure showing central vein and concentrically arranged hepatocytes in normal control 

animals). C and D: liver section of D-galactose treated animal showing focal hepatic necrosis with inflammatory 

cell infiltration ( C, small arrow), vacuolated nuclei  (C, large arrow), fibroplasia (D, small arrow), and oval 

cells proliferation (D, large arrow), E and F: liver sections from D-galactose treated animals that received 200 

mg/kg of macadamia nut extract showing the normal histological structure, G and H: liver sections from D-

galactose treated animals that received 200 mg/kg of macadamia leaves extract showing focal hepatic necrosis 

with inflammatory cell infiltration (G), cytoplasmic vacuolation of hepatocytes (small arrow, H) and portal 

infiltration with mononuclear cells (large arrow, H). I and J: liver sections from animals treated with D-

galactose and 200 mg/kg of macadamia shell extract showed some pathological changes such as congestion of 

the central vein (small arrow, I). 
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Figure 3. Effect of tested extracts on kidney function biomarkers in  D-galactose accelerated aging animals. 

Kidney functions measured as serum concentration of  A: creatinine (mg/dL),  B: urea (mg/dL) and C: total 

serum protein (g/dL). Except for the control group, all animals were treated with D-galactose for 60 days 150 

mg/kg and received no further treatment (D-galactose ) or received 200 mg/Kg/day for 30 days of macadamia 

leaves extract (MLE), macadamia shells extract (MSE) and macadamia nut extracts (MNE).  

* significantly different from control animals (P<0.05),  # significantly different from D-galactose treated 

animals (P<0.05). 

Macadamia nuts and shells extracts also showed a high percentage of palmitoleic acid, 

which has been identified as a lipokine [33] with the ability to modulate different metabolic 

functions, including immune response and inflammations [34,35]. Additionally, the favorable 

modulation of serum lipid profile observed in human subjects consuming macadamia oil was 

associated with a high circulating level of palmitoleic acid [36]. Palmitoleic acid has also been 

described to reduce inflammation in different in vitro and in vivo studies [33,37]. However, it 

remains to be seen if the biological effects observed in this study can be attributed to the 

relatively high abundance of oleic and palmitoleic acid in MNE and MSE. Therefore, further 

investigation of the possible mechanism of the observed activity of macadamia extract and the 

specific role of oleic acid or palmitoleic acid in mediating these actions are strongly 

recommended.  

4. Conclusions 

This study indicates that macadamia nut may help preserve organ functions in integrity 

that deteriorate with aging and/or oxidative stress. This effect may be due to its high content of 

monounsaturated fatty acids (oleic and palmitoleic acids), which other investigators showed to 

have neuroprotective and anti-inflammatory properties. Additionally, our study indicates that 

waste products of macadamia (shells and leaves) may be good sources of the same bioactive 

metabolites, especially the shells which extract showed very promising results in reversing 

organ damage induced by D-galactose in the model used. 
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