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The effects of three different types of alcoholic beverages (beer, wine and gin) on the 
absorption of chloroquine in the stomach and intestine of rats were determined. The 
in situ loop method and in situ re-circulation technique were used to determine the 
absorption of chloroquine [CQ] in the stomach and intestine respectively. 52.50% of 
CQ was absorbed from the stomach in the absence of alcoholic beverage in 30 
minutes while 59.30% was absorbed from the intestine in one hour in the absence of 
alcoholic beverages.. Alcoholic beverages increased the amount of chloroquine 
absorbed in the following order; gin > wine > beer. The increases were higher in the 
stomach. While the percentage increases in absorption induced by alcoholic 
beverages in the stomach were 12.80, 25.62 and 37.50 for lager beer, wine and gin 
respectively, the corresponding values for the small intestine were 9.01, 20.13 and 
33.24 % for lager beer, wine and gin respectively. The consumption of alcoholic 
beverages both simultaneously or following the oral administration of CQ does not 
reduce the amount of CQ absorbed and hence may not be the cause of drug failure. 
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INTRODUCTION 
 
Chloroquine is the most widely used of the 4 
– aminoquinoline antimalarial drugs 
(Spracklen, 1984). It also has anti-
inflammatory properties that have been used 
to an advantage in such diseases as 
rheumatoid arthritis and polymyositis (Day 
et, al 1982; Magnussen & Olivarius, 1977) 
discoid and systemic lupus erythematosus 
(Olansky, 1982). 
 The resistance of malaria parasite 
especially Plasmodium falciparum to 
chloroquine has been reported by several 
workers [Charmont, 1981; Onori et al., 1982, 
Nieuwveid et al., 1982; Reickmann, 1983).  
The mechanism of resistance of malaria to 
chloroquine may be complex (Foote et al., 
1990;) but refractoriness due to reduced 
bioavailability has not been ruled out 
(Herzog et al., 1982). 

 In Nigeria, a malaria endemic country, 
chloroquine is purchased easily over the 
counter. In most parts of Nigeria, the sale 
and consumption of alcoholic beverages is 
unrestricted. It is common to see people 
consuming alcoholic beverages 
concomitantly or soon after taking 
chloroquine tablets. The effects of alcohol on 
gastrointestinal function vary depending on 
the type of beverage and the level of ethanol 
in the beverage (Laurence et al., 1997; 
Ritchie, 1975; Tripathi, 1998). As far as can 
be determined, the effect of alcoholic 
beverages on the bioavailability of 
chloroquine from the entereal route is not 
known. This study was therefore undertaken 
to determine the effect of the three popular 
classes of alcoholic beverages in Nigeria on 
chloroquine absorption from the stomach 
and small intestine of rat.  
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MATERIALS AND METHODS 
 
Animals: Thirty albino rats were used in the 
study. They were of mixed age and sex, and 
weighed between   130 and 155 g. Animals 
were kept in cages and fed commercially 
formulated mice cubes. Water was given ad 
libitum. Animals were fasted over night 
before the day of experiment but were given 
water.  
 
Alcoholic Beverages: Three commonly 
available alcoholic beverages namely lager 
beer, wine and gin were used. The lager 
beer was the popular Star brand, which is 
brewed and bottled in Nigeria by Nigerian 
Breweries PLC. The alcoholic content of the 
beer was 5% per volume. The wine was the 
Carta Blanca brand that was imported into 
Nigeria from Germany. The quoted alcoholic 
content was 10% per volume. The gin 
contained 43% alcohol per volume. It was of 
the Cherry London Dry Gin brand that is 
blended and bottled in Nigeria by Stellan 
Industries [Nig] Ltd. The effect of each 
alcoholic beverage on absorption was 
studied in ten rats. 
 
Drug: Chloroquine phosphate solution for 
injection was used for absorption studies. 
These were purchased over the counter in a 
local drug store. Preparations from four 
pharmaceutical companies were obtained 
and subjected to assay using chloroquine 
phosphate reference standard [obtained 
from Pharmatek Industrial Project Limited, 
Ilorin, Nigeria] to authenticate the amount of 
chloroquine phosphate base quoted by each 
company. The method of assay was as 
described in the United States 
Pharmacopoeia (1989). The preparations 
that were finally used in the study were 
those from manufacturers whose products 
passed the assay test. 
 
Absorption Studies: Absorption studies 
were carried out simultaneously on the 
stomach and small intestine of each rat. 
Rats were anesthetized with 0.6 ml/100g 
25% urethane administered   
intraperitoneally. 
 

Stomach: The in situ loop method described 
by Kimura et al (1981) was used. The 
stomach of anesthetized rat was opened 
and evacuated. The esophageal and pylorus 
ends were ligated.  4 ml solution containing 
20 mcg ml-1 of chloroquine phosphate base 
were held in the stomach for 30 minutes. 
After this period, the solution was withdrawn 
and the stomach washed with distilled water 
to obtain 10 ml final solution.  Following this, 
4ml of an alcoholic beverage under study 
was held in the stomach for 15 minutes after 
which the beverage was withdrawn and the 
stomach washed. The absorption study of 
chloroquine was then repeated. The 15 
minutes for holding alcoholic beverage was 
chosen from series of pilot experiments in 
which it was observed that animals die 
before the end of experiment if alcoholic 
beverage is applied for periods exceeding 
15 minutes. 
 
Intestine: The in situ re-circulation 
technique also described by Kimura et al 
(1981) was used. The small intestine was 
cannulated in the pylorus and ileo-caecal 
junctions. 40 ml solution of chloroquine 
phosphate containing 20 mcg of chloroquine 
phosphate base per ml was kept at 37oC in 
a water bath. This solution was re-circulated 
through the intestine for one hour at 5 ml 
min-1 using a peristaltic pump. After one hour 
the solution was withdrawn and the intestinal 
lumen washed with distilled water. The 
washings and the re-circulated solution were 
combined and allowed to reach 100ml. 
Following this, 40ml of an alcoholic 
beverage under study was re-circulated 
through the intestine at 5ml min-1 for 15 
minutes. The alcoholic beverage was 
withdrawn after the period and the intestine 
washed. The absorption study of 
chloroquine was then repeated. The amount 
of chloroquine in the final solutions from the 
stomach and intestine before and after the 
application of alcoholic beverages were 
determined in a spectrophotometer using 
PYE Unican ASP8-400 UV/Visible 
spectrophotometer at the wavelength of 
343nM after chemical extraction using the 
method described in the United State 
Pharmacopoeia (1989). 
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Statistical Analysis: The amount of 
chloroquine disappearing from the lumen, 
which is the difference between the amounts 
of the drug in the initial and final solutions, 
was regarded as the amount absorbed. The 
means of absorption rates and standard 
deviations of the means were calculated for 
all trials. The differences in the means [± 
SEM] in absorption rates before and after 
application of alcoholic beverages were 
assessed using Students t- test. A P-value 
of P < 0.05 was taken as significant.  
 
RESULTS 
Results are presented in Table1. 52.50% of 
chloroquine was absorbed from the stomach 
after 30 minutes and 59.30% from the 
intestine after 1hour. The rate of absorption 
increased in the stomach and small intestine 
after the application of alcoholic beverages 
to these segments. The rates of increase in 
absorption were dependent on the level of 
alcohol in the beverages with lager beer 
causing the least and gin the most increase. 
The amount of chloroquine absorbed is 
higher in the intestine than in the stomach 
with or without alcoholic beverages but the 
percentage increases in the absorption of 
chloroquine was greater in the stomach than 
in the intestine following application of 
alcoholic beverages.  
 
DISCUSSION 
Alcoholic beverages enhanced the 
absorption of chloroquine from the GIT. The 
pharmacokinetic implication of this 
enhancement is increased bioavailability. 
The bioavailability of chloroquine in normal 
subjects was shown to be 87 ± 16% [Frisk – 
Holmberg et al., 1984; White, 1985]. The 

higher bioavailability figures given by these 
workers compared to the levels of 
absorption of CQ obtained from this study 
may be due to more sensitive methods and 
time between administration of the drug and 
estimation However, it is certain from this 
study that alcoholic beverages do increase 
the rate of absorption of orally administered 
CQ. Although the mechanism of enhanced 
chloroquine absorption by alcoholic 
beverages was not determined in this study, 
ethanol is known to be rapidly absorbed 
from the stomach and small intestine and to 
cause vasodilatation more through central 
action than local. (Rall 1992). Increased 
perfusion of GIT is a factor known to 
enhance drug absorption (Tripathi, 1998). 
The increase in absorption induced by 
ethanol was higher in the stomach than in 
the intestine. While the percentage 
increases in absorption induced by alcoholic 
beverages in the stomach were 12.80, 25.62 
and 37.50 for lager beer, wine and gin 
respectively, the corresponding values for 
the small intestine were 9.01, 20.13 and 
33.24 % for lager beer, wine and gin 
respectively. The differential rates of 
enhanced absorption cannot be explained 
from results of this study. However, ethanol 
is itself rapidly absorbed from the stomach 
[Ritchie, 1975; Laurence et al, 1997] 
followed by corresponding increase in 
vasodilatation.  
 Rapid absorption of ethanol from the 
stomach followed by additive sedative effect 
of the anesthetic agent may also be 
responsible for early deaths when alcoholic 
beverages were held in the stomach for 
more than 15 minutes. 

Table 1.  
Absorption of chloroquine in the stomach and intestine of rats before and after application of alcoholic 
beverages. Values are means [n = 10] ± SEM. 

Mean Increases [%] From Normal Events Stomach Intestine 
Stomach Intestine 

Percent Absorption In The 
Absence Of Alcoholic Beverage. 

52.50  
± 4.21 % 

59.30  
±4.89% 

NA NA 

Percent Absorption following 
Application of Lager Beer 

65.30  
± 4.97% 

68.31  
± 4.05%  

12.80  9.01  

Percent Absorption Following 
Application Of Wine 

78.12  
± 6.25% 

79.43  
± 6.41% 

25.62  20.13  

Percent Absorption Following 
Application Of Gin 

90.00 
 ± 7.35% 

92.54 
± 7.54% 

37.50  33.24  

NA = Not applicable. 



Concomitant intake of alcoholic beverages 
and oral chloroquine preparation may not 
induce the development of resistant strains 
of Plasmodium since the three alcoholic 
beverages studied increased the absorption 
of chloroquine from the GIT. The practice 
may even provide ethanol for the 
ethanol/alcohol oxidase system.  
 Becker et al., [1990] suggested that the 
ethanol/alcohol oxidase system might be of 
interest as a potential chemotherapeutic 
principle in malaria since acetaldehyde, a 
product of the system was shown to be 
parasiticidal. Hydrogen peroxide, another 
product of the system was also shown  to 
play an important role in host defense 
mechanism.  These authors showed that 8.7 
mM [0.5%] ethanol and 0.1 U alcohol 
oxidase per ml of culture irreversibly 
damaged 95% of parasites. 
 Results from this study indicate that 
concomitant consumption of alcoholic 
beverages and oral administration of CQ 
tablets may aggravate the puritogenic effect 
of chloroquine since more chloroquine will 
be available for distribution to skin and 
skeletal muscle (Osifo, 1980; 1987).  
Increased absorption of chloroquine by 
alcoholic beverages could enhance the 
appearance of ocular damage. Trojan (1982) 
reported the presence of ocular damage in 
27 cases undergoing chloroquine 
prophylaxis of 300mg base per week. This 
situation could result from the concomitant 
intake of alcoholic beverages and oral 
chloroquine preparation at an otherwise 
normal dosage. There is a renewed call for 
the use of chloroquine in rheumatoid arthritis 
(Day, 1982). Olanskey (1982) advocated 
judicious daily dosage and regular 
ophthalmic follow up in the prolonged use of 
chloroquine in rheumatoid arthritis. 
Increased bioavailability of chloroquine due 
to concomitant intake of alcoholic beverages 
could make this otherwise judicious daily 
dosage toxic. 
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