










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	Diet-Induced Ketosis Does Not Cause Cerebral Acidosis 

 Diet-Induced Ketosis Does Not Cause Cerebral Acidosis 


July 9, 2017 | Autor: Joseph LaManna | Categoria: Brain, Ketosis, Animals, Male, Epilepsia, Clinical Sciences, Rats, Dietary Carbohydrates, Wistar Rats, Acidosis, Hydrogen-Ion Concentration, Ketone Bodies, Neurosciences, Gamma-Aminobutyric Acid, Brain Diseases, Dietary fats, Clinical Sciences, Rats, Dietary Carbohydrates, Wistar Rats, Acidosis, Hydrogen-Ion Concentration, Ketone Bodies, Neurosciences, Gamma-Aminobutyric Acid, Brain Diseases, Dietary fats 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


Epilepsia, 37(3):25&261, 1996 Lippincott-Raven Publishers, Philadelphia 0 International League Against Epilepsy



Diet-Induced Ketosis Does Not Cause Cerebral Acidosis *Ali S. Al-Mudallal, *?Joseph C. LaManna, SW. David Lust, and *§Sami I. Harik Departments of *Neurology, ?Anatomy, and $Neurosurgery, Case Western Reserve University School of Medicine, Cleveland, Ohio; and §Department of Neurology, University of Arkansas College of Medicine, Little Rock, Arkansas, U . S . A .



Summary: Ketosis is beneficial for seizure control, possibly through induction of cerebral acidosis. However, cerebral intracellular pH has not previously been measured in ketotic humans and the animal data are sparse. We describe a high-fat diet, avidly consumed by rats, that induced consistent and moderate ketosis. Adult male rats were fed either the high-fat ketogenic diet, a highcarbohydrate diet with the same protein content as the ketogenic diet, or regular laboratory chow. Five to 6 weeks later, the rats were anesthetized, paralyzed, and injected with neutral red; their brains were frozen in situ.



Intracellular pH of the cerebral cortex and cerebral glucose, lactate, ATP, phosphocreatine, and y-aminobutyric acid (GABA) levels were measured. Rats fed the ketogenic diet had >lO-fold increase in their plasma ketones, but we noted no significant differences in cerebral pH or in cerebral metabolites and GABA levels among the three groups. Therefore, the antiepileptic effect of the ketogenic diet probably is not mediated by cerebral acidosis or changes in total cerebral GABA levels. Key Words: Ketogenic diet-Cerebral intracellular pH-Brain acidosisKetone bodies-y-Aminobutyric acid.



Ketosis, induced by starvation or by ketogenic diet, had a beneficial effect on seizure control (1). Although the use of the ketogenic diet in the treatment of epilepsy has decreased as more effective antiepileptic drugs (AEDs) have been developed, it is still used occasionally in refractory epilepsy (2). Chronic diet-induced ketosis significantly increased the threshold for electroshock convulsions in mice and rats (3,4). Yet despite clinical and experimental evidence for the anticonvulsant properties of the ketogenic diet, the mechanisms that underlie this effect remain unknown. Lennox invoked acidosis as the critical factor ( 9 ,but DeVivo et al. reported similar creatine phosphokinase mass action ratios in the brains of rats receiving ketogenic diet and control rats, suggesting that the brain pH was not altered in ketosis (6). Davidian et al. showed a small degree of brain intracellular acidification in mice after the gastric administration of high doses of medium chain triglycerides, but not after 4 weeks of ketogenic diet alone (7). Brain intracellular pH has not yet been measured directly in humans taking ketogenic diets. We measured the intracellular pH



of the cerebral cortex by the neutral red method (8) in rats maintained on ketogenic and control diets for 5-6 weeks. A preliminary account of this work was published previously (9).



METHODS Fifteen adult male Wistar rats weighing -325 g were housed in individual cages. The rats were divided into three groups. The first group received regular chow (Formulab Chow 5008, Purina) ad libitum. The second group received a ketogenic diet deriving 89.6% of its caloric value from fat and 10.4% from protein (Table 1). The rats were restricted to 10 g of this diet per rat per day to avoid excessive weight gain. In preliminary experiments, we noted that diets containing a higher protein content did not yield sufficient and consistent ketonemia, probably because of gluconeogenesis. Although a diet deriving -10% of its caloric value from proteins is considered adequate for adult nonpregnant rats (lo), we nevertheless controlled for protein deficiency in the ketogenic diet by using a third group of rats maintained on an unrestricted amount of a high-carbohydrate (CHO) diet deriving 78.1% of its caloric value from CHO and 10.4% from protein (Table 1). The diets contained all the essential vitamins and minerals. The ketogenic and high-CHO diets were purchased from Research Di-
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TABLE 1. Caloric composition of the study diets Parameter



Regular lab chow“



Ketogenic dietb



High-CHO diet‘



Protein, % Carbohydrate, % Fat, % KcaVg of diet



27 56 17 3.50



10.4 (17.6) 0 89.6 (67.3) 6.76



10.4% (10.2) 78.1% (76.2) 11.5% (5.0) 3.90



CHO, carbohydrate. The diet contents, by weight, are shown in parentheses. ” The values were estimated from the information supplied by the vendor. The ketogenic diet contained 100 g casein (80 mesh), 1.5 g DL-methionine, 50 g cellulose (BW 200), 50 g corn oil, 338.5 g Crisco, 35 g salt mix S10001,0.25 g vitamin mix Vl1501, and 2 g choline bitartrate. The high-CHO diet contained 100 g casein (80 mesh), 1.5 g DL-methionine, 751.5 g dextrose, 50 g cellulose, 50 g corn oil, 35 g salt mix Sl0001, 10 g vitamin mix VlOOOl (which includes -10 g sucrose), and 2 g choline bitartrate.



ets (New Brunswick, NJ, U.S.A). The experimental protocols were approved by the Institutional Animal Use Committee at Case Western Reserve University. At weekly intervals, the rats were weighed and samples of tail venous blood were obtained for measurement of P-hydroxybutyrate and acetoacetate. The samples were extracted by adding 2 vol icecold 0.3 N perchloric acid and were centrifuged; the supernatants were neutralized with KH,CO, solution. The neutralized extracts wee maintained at 0”4°C until assayed on the same day by the method of Williamson et al. (1 1). Five to 6 weeks after the diets were initiated, the rats underwent femoral arterial and jugular venous catheterizations and tracheostomy under 2% halothane anesthesia. They were then paralyzed with curare and ventilated with a gas mixture of 20% 0, and 80% N,O. The respiratory rate was adjusted to yield PaCO, values of -40 mm Hg, and the rats were allowed to stabilize for 1 h in a quiet environment while their blood pressure was monitored. Two milliliters of a solution of 1% of neutral red in saline was infused intravenously (i.v.) for 20 min. Fifteen minutes later, the brains were frozen in situ (12). The physiological data obtained before freezing are shown in Table 2. One rat in the ketogenic diet group died of surgical complications.



The frozen brains were removed in a glove box maintained at - 30°C and sectioned in a cryomicrotome at -20°C to the level of the anterior corpus callosum. Photographic slides (Fujichrome 50 “Velvia” color film) were made of the block face of the frozen experimental brain together with that of a frozen unstained rat brain, which was used as a spectrophotometric “blank.” The photographic slides were analyzed with a computer-based digital image processing system attached to a microscope. Transmission images at the peak absorbance wave lengths for the acid (550 nm) and base (450 nm) forms of neutral red were acquired from the experimental and the blank brains. Optical density images were used to estimate the cerebral cortical intracellular pH, with the standard reflectance calibration curve for brain pastes: pH, = [(Absorbance,,dAbsorbance,,,) - 10.5]/ - 1.3 (8). Samples of the frontoparietal cortex were extracted and analyzed for glucose, lactate, ATP, phosphocreatine (PCr) and y-aminobutyric acid (GABA) as described previously (13); results are expressed in nanomoles per milligram of tissue protein. Differences in results obtained from the three groups of rats were analyzed by analysis of variance (ANOVA) with post hoc Scheffk analysis. Significance was considered at p < 0.05.



TABLE 2. Physiological data Parameter



Regular chow



Ketogenic diet



High-CHO diet



Body weight (g) Hematocrit (%) PaO, (mm Hg) PaCO,(mm Hg) Arterial pH Plasma glucose (mM) Mean arterial blood pressure (mm Hg)



462 f 17 45 f 2 117 2 5 36 f 1 7.483 ? 0.015 13.0 f 0.6



486 f 15 45 f 1 107 2 1 36 f 2 7.460 2 0.018 12.5 f 0.2



440 2 13 44 2 100 f 10 37 2 7.430 f 0.015 13.7 2 1.4



82 2 5



88



f



6



* *



85



2



4



CHO, carbohydrate. Data are mean f ME values obtained from 5 rats in the regular chow group, 4 rats in the ketogenic group and 5 rats in the high-CHO group. There were no significant differences in any of these variables among the groups. Epilepsia, Vol. 37, No. 3, 1996
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fect is produced has remained elusive. Chief among the hypotheses for the antiseizure effects of the ketogenic diet has been tissue acidosis, first proposed by Lennox in 1928 (5). We addressed two questions in the present study. The first question was methodological, concerning the development of a rat model of diet-induced ketosis. We made much preliminary study before we arrived at the ketogenic diet detailed in Table 1 , which we also used in another study (15). A previously used rat model of diet-induced ketosis entailed gastric gavage twice daily under CO, narcosis, a tedious and difficult procedure (4). More important, the latter procedure resulted in a much lower weight gain in experimental rats than in control rats (6). A mouse model allowed ad libitum feeding of a high-fat diet, but the mice did not gain the expected body weight on that diet (3). The ketogenic diet that we used was so avidly eaten by the rats that we had to restrict access to it to prevent excessive weight gain. This diet induced only moderate ketonemia of -0.8 mM (Figs. 1A and B) although it contained a marginal amount of protein and no CHO (Table 1). In contrast, children consuming a ketogenic diet can achieve ketonemia of 2-3 mM (1). Therefore, adult Wistar rats do not easily achieve the ketonemia achieved in children. Increasing the fat content of the ketogenic diet that we used would have produced more robust ketosis but at the expense of further decreasing the protein content of the diet. Appleton and DeVivo (4) and DeVivo et al. (6) used this strategy to obtain higher plasma ketones in their rats, but the body weight increments in their treated rats were lower than those in controls. The moderate ketosis obtained in our rats was not associated with hypoglycemia or other abnormalities of measured physiological variables after 5-6 weeks of the diet (Table 2). The other question in the present study was whether intracellular cerebral acidosis occurred in the ketotic rats. Direct measurement of cerebral pH by the neutral red method (8), which was previously shown to yield results similar to those obtained by



RESULTS



Rats in all groups gained -125 g body weight during the experiment. There were no significant differences in body weight among the groups (Table 2). In preliminary studies, we noted that rats consuming the ketogenic diet had to be restricted to -10 g of the diet per day to prevent excessive weight gain relative to the other two groups of rats. Because the weight gain was similar in all groups, we assumed that the caloric consumption was likewise similar. There were no discernible gross behavioral differences among the three groups of rats. As expected, rats receiving the ketogenic diet had significantly higher blood P-hydroxybutyrate (Fig. 1A) and acetoacetate (Fig. 1B) levels than rats receiving the other diets. Ketosis became evident 1 week after initiation of the ketogenic diet and stabilized by 2 weeks, when the combined concentration of blood ketones was -0.8 mM, which was more than 10-fold higher than the blood ketone concentrations in the other two groups. There were no differences in the blood ketone levels between the two groups of rats receiving the nonketogenic diets. Neither were there any differences among the three groups in their physiological variables, including plasma glucose concentrations and arterial pH (Table 2). There were no significant differences among the three groups in their intracellular cerebral cortical pH (Table 3). Similarly, there were no significant differences in cerebral levels of glucose, lactate, ATP, PCr, or GABA among the three groups of rats (Table 3). DISCUSSION



In 1921, because of his observations and those of other investigators showing that ketosis induced by starvation had a beneficial effect on seizures, Wilder proposed using the ketogenic diet for the treatment of seizures (14). Although the anticonvulsant effect of the ketogenic diet has withstood the test of time (1,2), the mechanism by which this ef-



FIG. 1. Blood p-hydroxybutyrate (A) and acetoacetate (B) levels in the groups of rats maintained on regular laboratory chow (circles), ketogenic diet (triangles), and high-carbohydrate (CHO) diet (squares) for 5-6 weeks. Data are mean 5 ME values for 5 rats in each group. Blood p-hydroxybutyrate and acetoacetate levels were significantly higher in rats receiving the ketogenic diet than in the other two rat groups from 5 week 1 and week 2, respectively. There were no significant differences between rats receiving regular lab chow and rats those receiving the high-CHO diet.
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TABLE 3. Cerebral cortical p H and metabolites Parameter



Regular chow



Ketogenic diet



High-CHO diet



Intracellular pH Glucose Lactate ATP PCr GABA



(5) 7.01 f 0.04 (4) 29.0 k 6.8 (4) 20.8 2 2.5 (4) 20.6 f 1.3 (4) 44.1 t 2.5 (4) 12.7 f 1.3



(4) 7.02 -t- 0.05 (4) 25.8 -t- 1.7 (4) 21.8 f 4.1 (3) 16.4 f 1.5 (3) 34.2 f 1.6 (4) 12.6 f 1.2



( 5 ) 7.05 f 0.03 (4) 32.0 f 7.1 (4) 19.5 2 3.1 (4) 22.0 t 1.2 (4) 44.7 ? 6.1 (4) 14.3 f 1.0



PCr, phosphocreatine; GABA, y-aminobutyric acid; CHO, carbohydrate. Data are mean 2 ME values obtained from the number of rats shown in parentheses. Except for pH, all other values are expressed in nanomoles per milligram of protein. There were no significnt differences in any of the variables among the groups.



31Pnuclear magnetic resonance spectroscopy (16), demonstrated no evidence of cerebral acidosis in ketotic rats (Table 3). These findings are consistent with the results of DeVivo et al., which were calculated from the creatine phosphokinase mass action ratios (6). Davidian et al. reported a similar finding in mice that were given a ketogenic diet for 4 weeks supplemented twice daily with medium chain triglycerides given by stomach tube, which caused a four-fold increase in blood ketones to 3.3 mM (7). When they measured intracellular pH in whole mouse brain by the ['4C]-DM0 method at 12 h after the final administration of triglycerides, they found no difference in brain intracellular pH (-7.10) or blood pH (-7.36) between control and experimental mice. However, when they measured brain intracellular pH within 2 h of triglyceride administration, they found that whole brain intracellular pH was acidified by -0.10 pH unit without change in blood pH, despite a reported ketonemia of 6.0 mM (7). Also consistent with the results of Appleton and DeVivo (4), in our study the ketogenic diet had no significant effect on cerebral GABA levels. However, this finding does not rule out a GABAmediated mechanism, because increased GABA concentrations at synapses may not be reflected by increased total GABA concentrations in the cerebral cortex. Brain ketones also may exert a GABA agonist effect. We describe a novel diet which we used to induce ketosis in adult rats for several weeks. Our findings in these rats indicate that neither cerebral acidosis nor increased cortical total GABA levels occurs in rats fed a ketogenic diet. Our results suggest that the antiseizure effect of the ketogenic diet is unlikely to be mediated by cerebral acidosis or by increased cerebral GABA concentrations. Acknowledgment: This work was supported in part by USPHS Grant No. HL 35617. We thank Martin A. Hritz



for technical support and Marcia Phillips for manuscript preparation.
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