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Summary 
The modulatory effect of browned yam flour diet, a 
dietary, staple in south-western Nigeria, on carbon 
tetrachloride (CCl4)-mediated lipid peroxidation and on 
the activities of liver microsomal and cytosolic enzymes 
was studied in male rats. Browned yam flour diet fed at 
the level of 25% and 50% to rats for 5 weeks significantly 
reduced the lipid peroxidation induced by CC14 (0.5 
ml/kg/wk) administered two weeks after starting the 
animals with the diets. The diets elicited 62% and 79% 
reductions in CCl4-mediated peroxidation, respectively, in 
the absence of exogenously added oxidants. The 
activities of microsomal aniline hydroxylase (AH), 
aminopyrine-A'-demethylase (APD), pentoxyresorufm-O-
dealkylase (PROD) and cytosolic GSH ^-transferase 
(GST) were increased when rats were fed the 25% or 50% 
browned yam flour diets. Browned yam flour fed at the 
level of 25% to rats decreased the CCl4-mediated 
reduction in the activities of microsomal AH, APD, 
PROD and GST by 64%, 28%, 58% and 25%, 
respectively, and by 82%, 48%, 83% and 55% when rats 
were fed with 50% of the diet. The results suggest that 
browned yam flour diet could protect against chemically-
mediated lipid peroxidation and tissue damage possibly 
by scavenging chemically generated reactive species and 
enhancing carcinogen-detoxifying system. 
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R6sum6 
L'effet modulatrice de lalimentation a la poudre marrow 
d'ignane, un met principale du sud-ouest du Nigeria sur la 
peroxydation des lipes par le carton tetrachloride (CCC4) 
est Nir l'activile des enzymes microsomale et cytosolie du 
foie avait ete etudie chez les rats male. Les rats nourrit 
avec un regime alimentaire coupose de 25% et 50% 
d'igname marron pendant 5 femaines avaient une activile 
significativement reduite de peroudation des lipides par le 
CCC4 (0,5 ml/kg/femaine) administre 1 semaines apres le 
commencement du regime alimentaire. Les regemes 
avaine tinduient 62% et 79% de ereduction de la 
peroxidation des lipides induite par le CCC4 
respectivement en absence des oxidante exogenes. Les 
activites de l'aniline hydroxylase (AH) des microsome, 
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aminopyrine -N-demethylase (APD), pento xyresorufm -O-
dealkylose (PROD) et de la GSHS transferase (GST avaient 
augmente chez les rats nourient avec 25% un 50% de poadre 
d'igname marron.Les rats nourrient avec 25% de poudre d'igname 
avaient reduit les reductions un medier par la CCC4 dans le AH 
microsomal, APD, PROD et GST de 64%, 28%, 58% et 25% 
respectivement et de 82%, 48%, 83% et 55% l'orsque les rats 
etaient nourrient avec 50% de poudre d'igname marron. Ces 
resultats suggerent que liigame la poudre d-igname marron pounait 
prot£g6 contre la peroxydation des lipides induits par des 
substances chimiques et les endomagement des tissues 
probablement en eliminant les na especos reactives et en 
augmentatant le systeme de detoxification des carcinogenes. 

Introduction 
It is known that a number of chemical compounds mediate toxicity 
by metabolism into free radicals, which start-off the process of lipid 
peroxidation in cell meqibranes. Such radicals target thiol groups, 
enzymes, amino acids, nucleotides and unsaturated fatty acids in 
the cell [1]. The effect of these radicals in the presence of oxygen 
on polyunsaturated fatty acid chains results in lipid peroxidation 
[2,3] 

Carbon tetrachloride (CC14), perhaps the most-studied liver 
toxicant, is activated by hepatic microsomal mixed function 
oxidase to the trichloromethyl radical (CC13) and in the presence of 
oxygen, trichloromethyl peroxy radical (CCljO*) which is more 
reactive. CC1302 causes peroxidation of polyunsaturated fatty 
acids, while CC13 is more relevant in covalent binding to both lipid 
and protein components of the membrane [4,5]. Xenobiotic-
metabolising enzymes are responsible for the generation and 
detoxification of radical and reactive metabolites and alterations in 
the activities of these enzymes may affect the potency of reactive 
cytotoxic radical and electrophilic metabolites generated in the cells 
[6,7]. 

Various dietary components, naturally occurring or synthetics 
have, been shown to protect against experimental carcinogenesis. 
Among these components, dietary flavonoids have been shown to 
protect against toxicity induced by compounds such as CC14 [8]. 
Several studies have related the chemoprotective activities of 
flavonoids to their ability to inhibit peroxidative damage caused by 
environmental compounds [8]. Also the modulation of the activities 
of xenobiotic-metabolising enzymes such as glutathione S-
transferase, aminopyrine-/V-demethylase, aniline hydroxylase and 
pentoxyresorufin-0-dealkylase by these minor dietary constituents 
is well documented [9,10]. 

In recent times, foods containing brown-colored compounds 
formed from enzymatic and non-enzymatic browning reactions 
have been shown to play a significant role in the modification of 
cellular damage mediated by carcinogens. The modulation of drug 
metabolizing enzymes [11] and lipid peroxidation [12] by 
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browning reaction products have been reported. Yam, 
widely cultivated in the tropics contains polyphenols such 
as catechins, epicatechins, chlorogenic acids, 
leucoanthocyanidins and anthocyanins [13,14]. It is 
known that polyphenolic compounds in yam undergo 
polyphenols oxidase-catalysed reactions to form o-
quinones, their primary oxidation products, which react 
with other components to form brown polymeric 
compounds [15,16,17]. Also, amino acids and proteins in 
the yam, when heated, can react non-enzymatically with 
sugars forming brown-coloured compounds commonly 
called Maillard reaction products [18]. These reactions are 
responsible for the brown colour associated with browned 
yam flour diet, a staple commonly consumed in West 
Africa especially in the southern parts of Nigeria [15]. 

In our earlier report, we demonstrated for the 
first time that browned yam flour diet (fed at the level of 
25% to rats) could modulate the toxicity mediated by 
some chemical compounds including CC14 [19]. However, 
the mechanisms by which the diet protects against the 
toxicity of foreign compounds are unknown. The study 
reported here was, therefore, conducted to determine the 
effect of browned yam flour diet on CCl4-induced lipid 
peroxidation and on xenobiotic-metabolizing enzymes in 
rat liver in order to understand the mechanisms by which 
the diet elicits protective effects on chemically induced 
toxicity. 

Materials and methods 
Chemical 
CC14 was purchased from Hopkin & Williams, Chadwell 
Heath, Essex, UK and distilled before use. Bovine serum 
albumin was purchased from Sigma Chem. Co., London, 
UK. Aniline hydrochloride, p-aminopyrine, 
pentoxyresonifin, resorufin, 1,2-dichloro-4-nitrobenzene 
(CDNB), NADP, glucose 6-phosphate, glucose 6-
phosphate dehydrogenase, trichloroacetic acid (TCA) and 
N-2 hydroxyethyl piperazine N-ethane sulphonic acid 
(HEPES) were purchased from Sigma Chem. Co. (St 
Louis, MO, USA). Semicarbazide was purchased from 
Fluka AG, Chemische Fabrik, CH-9470, Buchs, 
Switzerland. Thiobarbituric acid (TBA) and ethylene 
diamine tetraacetic acid (EDTA) were purchased from 
Sigma Chem. Co., London, UK. All other reagents were 
of analytical grade and were purchased from British Drug 
Houses, Poole, England. 

Animals and diets 
Yams (Dioscorea rotundatd) grown in Ibadan, Nigeria 
and harvested were dried and processed into yam flour 
which was turned brown by the addition of hot water. The 
resulting paste (browned yam flour) was dried in an oven 
at 50°C for 12hr. Browned yam flour diet was substituted 
at 25% or 50% of the basal diet (Table 1) so that both 
were isocaloric and isonitrogenous according to Hedin & 
Adachi [20] and as reported previously [19]. In the 
calculation, maize and groundnut cakes were varied while 
the other components in the diets were fixed. Overall 
crude protein content and total metabolisable energy were 

calculated from the protein and energy values of the food 
components [20]. The diets were pelleted and fed to the animals. 

Animals and treatments 
Male weanling albino rats (Wistar strain) about 4 weeks old, 

weighing 85-94 g, obtained from the primate colony, Biochemistry 
Department, University of Ibadan, Nigeria were fed and watered ad 
lib in wire-mesh cages on a 12hr light/dark cycles for 5 weeks. 
Thirty-five animals were divided into seven groups 1, 2, 3,4,5,6 
and 7. Rats in groups 1 (control), 3 and 7 were fed the basal diet 
and those in groups 2 & 4, and 5 & 6 were placed on 25% and 50% 
browned yam flour diet, respectively, for 5 weeks. Two weeks 
after the start of the experiment, rats in groups 3, 4 and 6 were 
treated orally with CC14 (0.5 ml/kg body wt) once a week for 3 
weeks. Group 7 served as positive control and seven days to the 
end of the experiment, 0.1 % Phenobarbital (PB) was mixed with 
drinking water. Food consumption, weight gain and liver weight 
were recorded for all animals. Wire-mesh cages used to house the 
animals coupled with standardized feeding containers minimized 
food spillage and allowed proper record of food consumption. 

Table 1: Composition of basal and browned yam flour containing diets 

Percentage of component in 
Brown yam flour diet 

Component Basal diet 25% 50% 
Maize 51.65 23.09 3.71 
Groundnut cake (GNC) 34.03 37.60 34.98 
Non-nutritive fibre 5 5 2 
Com oil 5 5 5 
*'Vitamin-mineral premix 1 1 1 
Oyster shell 1 1 1 
Bone meal 2 2 2 
Methionine 0.3 0.3 0.3 
Sodium chloride 0.25 0.25 0.25 
Browned yam flour 0.0 25 50 

Crude protein of all diets: approximately 20% 
Metabolizable energy of all diets: approximately 3.11 cal/g 
Total lipid of maize and browned yam flour: approximately 3% 
•Composition of vitamin-mineral premix per 6 mg; Vit.B6, 0.6 mg; Vit. 
B12, 0.004 mg; Nicotinic acid, 12 mg; Folic acid, 0.4 mg; Choline 
chloride. 125 mg; Iron, 18 mg; Copper, 1 mg; Manganese, 24 mg; Cobalt, 
0.2 mg; Zinc, 20 mg; Iodine, 0.8 g Vit.A, 4000 IU; Vit D3, 800 IU; Vit E, 
4 mg; Vit. K, 3.081; Vit. Bl, 0.60 mg; Vit. B2, 2 mg; Ca-pantothcnate,3. 
mg; Selenium, 0.008 mg; Sorbic acid, 0.3 mg. 

Preparation of microsomal and cytosolic fractions 
The rats were sacrificed by cervical dislocation and livers were 
quickly removed, washed in 1.15% KC1, dried, weighed and 
homogenised in 4 vol. of isotonic phosphate buffer, pH 7.4 and 
centrifuged at 9,000 g for 20 minutes to obtain the post 
mitochondria supernatant fraction. Microsomes were pelleted at 
100,000 g for 90 minutes by subsequent centrifugation. The 
supernatant (cytosolic fraction) was immediately frozen on dry ice. 
Microsomes were resuspended in 0.25M sucrose solution. Aliquots 
of this suspension were stored at -80°C and thawed before use. All 
procedures were carried out at temperatures between 0-4°C. 
Protein determination 
M i c r o s o m a l and cytosol ic pro te in concentrations were 
de te rmined accord ing to the m e t h o d of Lowry et al. [21] 
us ing bov ine s e r u m a lbumin as s tandard 
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CCl/-induced lipid peroxidation 
Lipid peroxidation was assayed by measuring the 
thiobarbituric acid reactive (TBAR) products using the 
procedure of Walls et al. [22]. About 1 mg/ml of liver 
microsomal suspension in isotonic phosphate buffer, pH 
7.4 was incubated for 6 hr at 37°C in a shaking water bath 
with or without 0.1 mM FeS04 , 1 mM EDTA, 1 mM 
ascorbate and 0.2 mM H 2 0 2 (final concentrations). 0.5 ml 
of 0.75% thiobarbituric acid (TBA) in 0.1 M HC1 was 
added to 0.5 ml of incubation mixture already quenched 
with 0.5 ml of 10% TCA. The mixture was heated at 90-
95°C for 20 minutes and after cooling centrifuged for 10 
minutes at 780 g. The supernatant was transferred into 
acid resistant tubes and centrifuged at 32,000 g for 10 
minutes. The absorbance of the resulting clear solution 
was determined at 532 nm with phosphate buffer as blank. 

Enzyme assays 
Incubation mixture for the assay of aniline hydroxylase, 
aminopyrine-W-demethylase and pentoxyresorufin-O-
dealkylase activities contained 2.5 nmol Mg2* as NADPH 
generating system and 1 mg/ml microsomal fraction and 
14 nmol aniline hydrochloride or 10 umol aminopyrine or 
10 nmol pentoxyresorufln in a total volume of 2 ml. 

Aniline hydroxylase activity (AH) 
This was assayed by the spectrophotometry method of 
Schenkman et al. [23] by measuring p- aminophenol 
formed from aniline hydrochloride. Incubation was for 20 
minutes at 37°C and pH 7.5. 

Aminopyrine-N-demethylase activity (APD) 
This was assayed by the method of LaDu et al. [24] 
Incubation was for 10 minutes at 37°C at pH 7.5. The 
estimation of the amount of formaldehyde formed during 
A'-demethylation of aminopyrine was carried out by the 
method of Nash [25]. 

Pentoxyresoruftn-O-dealkylase activity (PROD) 
Microsomal pentoxyresorufin-O-dealkylase was estimated 
by the method of Guo et al. [26]. Incubation was for 2 
minutes at 37°C in the presence of 100 mM HEPES (pH 
7.8) and the reaction was terminated by the addition of 
methanol (2 ml). The fluorescence of resorufin formed 
during the 0-dealkylation of pentoxyresorufln was 
measured with (Xex. 550 and Xex 585 nm using Perkin-
Elmer fluorescence spectrophotometer 204. 

Glutathione-S-transferase activity (GST) 
Cytosolic glutathione S-transferase activity was 
determined by the method of Habig et al. [27] using 1,2-
dichloro-4-nitro benzene (CDNB) as substrate. Incubation 
mixture described previously [28] contained 50 jil of 
CDNB, 10 ul 0.1 M reduced glutathione, 0.93 ml 0.1 M 
phosphate buffer (pH 6.5) and 10 |il cytosolic fraction in a 
total volume of 1 ml. The change in absorbance at 340 

was followed for 60 seconds in Perkin-Elmer spectrophotometer 
548 at 30°C. 

Statistics 
The data were analyzed by a two-tailed Student's t-test. P values 
less than 0.05 were considered statistically significant 

Results 
As shown in Table 2 there was no significant change in 
peroxidation between the animals fed browned yam flour diet and 
the control rats both in the presence and absence of oxidants. The 
animals that were treated with CC14 (group 3) however produced 
significant increase ( P < 0.05) in lipid peroxidation when compared 
with control animals. The values obtained in the presence of 
oxidants were significantly higher than the ones obtained without 
the oxidants. Browned yam flour fed at the levels of 25% and 50% 
significantly reduced the level of peroxidation induced by CC14 

(62% and 79% reductions, respectively) when no oxidants were 
added to the incubation medium (P< 0.05) (Table 2). 

Table 2: Effect of 25% and 50% browned yam flour diet on 
CCl4-induced microsomal lipid peroxidation in the rat 

Lipid peroxidation (TBARS) 
(A532 nm/mg protein) 

With oxidants 
0.56 ±0.03j 
0.55 ± 0.02j 

0.85 ±0 .1 j 
0.65 ± 0.03j 

0.56 ± 0.02j 
0.60 + 0.03j 

The results are the means + S.D for 5 rats in each group. 
' Exogenously generated oxidants (1 mM FeSO+ I mM EDTA. / mM 

Ascorbate and 0.2 mM H:OJ. Significantly different from controls *P < 
0.001, from chemical (CCI/) **P < 0.001. from control and group 4 •••/> 
< 0.001. Significantly different from corresponding values (without 
oxidants) fP < 0.05. B.Y.F = Browned Yam Flour. 

Table 3 shows that there were no significant differences (P > 0.05) 
in final body weight, weight gain and feed consumption for animals 
in groups 1, 2, 5 and 7. However, there was a significant decrease 
in CCI4 treatment group (group3) for the parameters compared with 
the control. There was no significant difference in feed efficiency 
for animals in all the groups. Compared to the control, browned 
yam flour, CC14 and phenobarbital groups had significantly higher 
terminal and relative liver weights. The results further indicate that 
the diet may not alter the nutritional status of the animals since it 
did not affect significantly the nutritional parameters recorded. 

As seen in Table 4, browned yam flour fed at the level of 
25% significantly increased the activities of AH, APD, PROD and 
GST (1.7, 1.2, 1.2 and 1.2 fold, respectively) over the control; 
while 50% browned yam flour diet elicited increases (2.4, 1.3, 2.3 
and 1.3 fold, respectively) in the activities of these enzymes (Table 
4). The Phenobarbital group showed a highly significant increase 

C o m p o n e n t Wi thou t ox idan t s 
1. Control 0.34 ±0 .1 
2. 25% 0.33 + 0.1 

B.Y.F. 
3. CC14 0.65 ± 0.03* 
4. CC14 + 0.44 ±0.01** 

25% B.Y.F. 
5. 50% B.Y.F. 0.34 ±0 .1 
6. CCI4 + 0.38 ±0.02*** 

50%B.Y.F. 
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Table 3: Effect of 25% and 50% browned yam flour diet on body weight, weight gain, feed efficiency and relative liver weight of rats 
following oral pretreatment with 0.5 ml CCl4/kg body weight. 

Group Final Weight Feed Feed Terminal liver Group 
Weight gain intake efficiency wt As % of body 
(g) (g) (g) (g) weight 

1. Control 179 ± 15.7 82 ± 9 . 3 251± 7.0 0.3 ± 0.09 5.5 ±0 .2 3.1 ±0.1 
2. 25% 173 ±.12.5 88 ± 6 . 3 250 ± 8 . 0 0.3 ± 0.05 6.0 ± 0.1 H 3.5±0.2H 

B.Y.F 
3. CC14 149 ± 5 . 0 * 55 ± 4 . 9 * 200 ± 2.0* 0.3 ± 0.05 8.0 + 0.5* 5.4 + 0.3* 
4. CC14+ 166 ± 4 . 0 * * 73 ± 3 . 0 * * 240 ± 7 . 3 * * 0.3 ± 0.03 6.5 ±0.2** 3.9 ±0.3** 

25% B.Y.F 
5. 50% B.Y.F 176 ± 11.2 85 ± 7.9 247 ± 8.0 0.3 ± 0.03 7.3 ± 0 . 3 1 4.1 ±0.21 
6. CC14+ 174 ±4*** 80 ± 4*** 245 ± 6 . 0 * * * 0.3 ± 0.03 6.0±0.3*** 3.4±0.1*** 

50% B.Y.F 
7. PB 162 ± 10.0 72 ± 7 . 8 . 236 ± 9 . 0 0.3 ± 0.05 9.2 ±0.3# 5.7 ±0.2# 

The results are the means ± S.D for 5 rats in each group. Feed efficiency = weight gained/feed intake. 
* Significantly different from control. P < 0.001 
** Significantly different from group 3, P < p. 001 
***Significantly different from group 4, P< 0.05 
T Significantly different from control, P< 0.001 
i Significantly different from control 
insignificantly from control, P< 0.001 

Table 4: Effect of 25% and 50% browned yam flour diets on the activities of microsomal aniline hydroxylase, aminopyrine-N-
demethylase, pentoxyresorufin-O-dealkylase and cytosolic glutathione ^-transferase following oral pretreatment with 0.5 ml CC1/ kg 
body weight. 

Enzyme activity (nmol product formed/min/mg protein) 
Group Aniline p-aminopyrine Pentoxyresorufm Cytosolic 

hydroxylase jV-demethylase O-dealkylase GST 

1. Control 1.1 ± 0 . 2 5.0 ± 0 . 4 1.2 ± 0 . 2 670 ±22.2 
2. 25% 1.9 ± 0 . 1 5.8 ± 0 . 2 * 1.5 ± 0 . 1 * 780 ±21.2* 

B.Y.F 
3. CC14 0.2 ± 0.1 ** 2.6 ± 0.3** 0.1 ±0 .1** 362±20.4** 
4. CC14+ 0.9 ± 0.1 *** 4.0 ± 0.5*** 0 .8±0 .2*** 532±22.1*** 

25% B.Y.F 
5. 50% B.Y.F 2.6 ± 0.1H 6.5 ± 0.2H 2.8 ± 0.1 H 900±20.2H 
6. CC14+ 1.1 ± 0.11 5 . 0 ± 0.31 1.1 ± 0 . 1 1 732 ±22.11 

50% B.Y.F 
7. PB 3.8 ± 0 . 1 # 7.1 ± 0 . 1 # 3.5 ± 0.2# 1012 + 22.3# 

The results are the means ± S.D for 5 rats in each group. * Significantly different from control, P< 0.05 
^^Significantly different from control. P< 0.001. * * ̂ Significantly different from group 3, P< 0.001. t Significantly differentfrom control and group 2 
< 0.05. \ Significantly different from groups 3, P< 0.001 and 4. P<0.05. #Significantly different control P<0.001. 

(P < 0.001) in the activities of all the enzymes compared with 
control (3.5, 1.4, 2.9 and 1.5 fold, respectively, for AH, APD, 
PROD and GST). 

The results revealed a significant reduction ( P < 0.001) in 
the activities of the microsomal enzymes: aniline hydroxylase, 
aminopyrine-jV-demethylase, pentoxyrcsorufin-O-dcalkylase and 
cytosolic GSH-S-transferase within the period of exposure of rats 

to 0.5 ml/kg of CC14 compared with control animals (Table 4), 
The results further show that feeding rats with 25% browned 
yam flour diet decreased significantly the CCI4 mediated 
reduction in the activities of AH, APD, PROD and GST by 6 4 \ 
28%, 58% and 25%, respectively, and by 82%, 48%, 83% arvi 
55% when rats were fed with 50% browned yam flour diet. 
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Discussion 
The apparent lipid peroxidation caused by CC14 intoxication as 
indicated by a significant increase in the formation of TBARS, in 
the absence of exogenously added oxidants, confirms earlier 
investigations [1,29,30]. The increase in the value of 
peroxidation products in the presence of exogenously generated 
reactive oxygen species is attributed to the well established fact 
that iron could catalyze the generation of toxic reactive oxygen 
[3,31]. It has also been reported that ascorbate may act as 
prooxidant [32]. 

Our findings show a significant reduction in lipid 
peroxidation caused by CC14 when rats were fed the 25% and 
50% browned yam flour diets. The results further show a greater 
effectiveness of the latter diet compared with the former. The 
eduction in lipid peroxidation observed in this study by the diets 

may be interpreted to mean that browned yam flour can scavenge 
the reactive intermediates generated by CC14 intoxication that 
would otherwise lead to lipid peroxidation and cell necrosis. 
Recent studies have indicated the antioxidative and scavenging 
effect of browning reaction products [12]. This may explain the 
basis of protection offered by the diet against hepatotoxicity 
induced by CC14 and other compounds observed in 
investigations carried out in our laboratory [19,33]. 

The significant reduction in the activities of AH, APD, 
PROD and GST following exposure of rats to CC14 is in 
agreement with the reports of previous workers that pretreatment 
of animals with this compound destroys the activities of mixed 
function oxidases probably by the reactive species which it 
produces [34,35]. The apparent protection of liver enzymes from 
CCl4-induced toxicity by 25% and 50% (more effective) 
browned yam flour diets as evidenced by modulation of the 
reduction in the activities of these enzymes, suggests that the diet 
could possibly act as an antioxidant and protect against toxicity 
mediated by chemically generated reactive species. 

The increase in relative liver weight (expressed as % of 
body weight) in animals fed browned yam flour diet indicates 
that they may have had an increased capacity through feeding on 
the diet to metabolize xenobiotic substances via enzyme 
induction. Previous studies have shown that induction of 
monooxygenase and/or conjugating enzymes could be a 
mechanism by which dietary components protect against 
carcinogenic insult [6,7,9,36], A prominent feature of these 
enzymatic inductions is an increase in GSH S-transferase activity 
[37,38]. Thus induction of GSH ^-transferase activity observed 
in this study by browned yam flour diet and probably other 
conjugating enzymes which were not assayed in the present 
investigation suggests that the diet might offer protection against 
the toxicity of foreign compounds by inducing increases in 
carcinogen detoxification system. Furthermore, the overall 
inductive effect on both phases I and II systems in aggregate had 
been reported by Wattenberg [6] to result in enhanced 
carcinogen detoxification. 

The results of this study indicate that browned yam flour 
could protect against chemically induced tissue damage by an 
antioxidative action and an inductive effect on carcinogen 
detoxifying system. 
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