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ABSTRACT 

 

Decreased hepatic drug metabolism (predominately 1-st phase) is one of the essential 

reasons for numerous side effects and increased drug toxicity during influenza virus 

infection (IVI). As a free-radical disease IVI can be affected successfully by an 

antioxidant treatment. In the present work we study the effect of a polyphenol 

complex (PPhC) from the medicinal plant Geranium Sanguineum L. on the hepatic 

oxidative drug metabolism in male ICR mice. The experimental model of influenza 

virus infection was used to study some drug-metabolizing enzyme systems. Our data 

demonstrate clearly that IVI affects all components of the electronic chain of 

cytochrome P-450. N-demethylases and hydroxylases as well as the activity of CCR 

and cyt P-450 content were decreased in the course of infection. At the same time 

TBARS increased significantly in infected animals. PPhC restored even over control 

levels most of the inhibited monooxygenase activities in IVI animals probably via 

complex mechanisms (antioxidant activity, selective antiviral and protein-binding 

effects). In contrast to infected animals, in healthy mice PPhC has moderate 

reversible inhibitory effect on most of the monooxygenase activities. PPC prooxidant 

effect and weak inhibitory effect on the monooxygenases probably is due to its ability 

to bind some membrane proteins and enzymes. 
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INTRODUCTION:  

 

Inhibition of hepatic drug metabolism is a main reason for numerous side effects and 

increased drug toxicity, observed in the course of influenza virus infection (IVI). 

Early experimental studies [1,2] as well as our previous data [3-6] found that mainly 

the first phase of drug metabolism is inhibited by IVI, which is coupled with an 

increase in free radicals. However, the relationship between changed P-450 

monooxygenase activity and free radicals, generated during IVI, is not clear.  

 

Except classical antiviral drugs available for the treatment of influenza [22] some 

plant extracts with antioxidant capacity can be useful in treatment of IVI.  

 

As a free radical disease, IVI can be affected successfully by antioxidant treatment 

[7,8] Some vitamins (vitamins C, B and E), flavonoids and plant extracts had 

significant restorative effects on the cyt P-450 monooxygenase, inhibited in IVI- 

mice  [3,9,10].  

The medical plant Geranium Sanguineum L., spread in the Balkans, is widely used by 

popular medicine. In our previous studies it demonstrated significant antioxidant and 

antiviral activity in vivo and in vitro [11, 12].  

  

The AIM of the present study was to evaluate the preventive effect of PPC on the 

oxidative drug metabolism in the course of experimental IVI. 

 

 

MATERIALS AND METHODS:  

 

The experimental model of influenza virus infection 

(A/Aichi/2/68/(H3N2)(4.5lgLD50) was developed in male albino ICR mice (10 in 

group). Infected and healthy animals were divided and kept separately in different 

divisions of standard conditions of the vivarium. 

Polyphenol complex (PPhC) from Geranium Sanguineum L. isolated and 

standardized by Ivancheva et al. [13] was applied nasally in dose 10 mg/kg (in 0.05 

ml) 30 min before influenza virus inoculation. Control groups-infected and healthy 

received in equal volume saline, instead PPhC.  

 

 

The animals were sacrifited via decapitation on the 2, 6, 9 and 21 day after viral 

inoculation. Livers were perfused on ice with …Na-phosphate buffer. After 

homogenization of livers (20% with… Na phosphate buffer) and centrifugation at 9 

000 x g (at 5oC), received supernatant was used for determination of the following 

parameters:  



1. Monooxygenase N-demethylase activity (with substrates ethylmorphine-

EMND, amidopyrine- APND, analgin-ANND) according to method of Nash 

[14] in modification of Klinger and Muller [15] and hydroxilase activity (with 

substrates p-nitrophenol- PNFH and aniline-AH) according to Mazel method 

[16].  

2. NADPH-cytochrtome P-450 reductase (with substrate cytochrome C-CCR) 

according to Roering [32], cytochrome P-450 content (cyt P-450) according to 

Matsubara et. al. [17] in modification of Klinger and Muller methods [15].  

3. Thiobarbituric acid reactive substances (TBARS) in blood plasma and TAA 

!!!! according to Buege and Aust [18]. The protein content was measured by 

the method of Lowry. Student-Fisher t-test was used for statistical evaluation.  

4. Some correlation coefficients between the parameters of oxidative stress and 

drug metabolism were calculated according to Brave and Pearson method [19]. 

 

RESULTS:  

 
Effects of viral infection 

 

 

Hydroxilases…also…. 

High TBARS concentrations and decreased TAA in blood plasma were found in the 

course of IVI in infected control animals (Fig. 1). Dynamic of the viral infection- maximal 

effect of IVI on TBARS and TAT on the crucial day of the infection- on the 6th day. 

 
Fig.1. The effects of IVI on the lipid peroxidation measured by thiobarbituric acid 

reactive substances (TBARS) level (A), and on TAA (B). The level of TBARS, and 

TAA in control plasma (without IVI) was expressed as 100%.  

 

In the same time all components of the electronic chain of cytochrome P-450 in 

hepatic endoplasmic reticulum of infected animals were inhibited (most pronounced 

effect being observed on the 6 and on the 9 day). Тhe content of cytochrome P-450 

was reduced significantly (with 58%) on the 2nd day of IVI (Figure 2A).  

 



 
Fig. 2 Panel of liver enzyme cyt P-450 (A) and CCR (B) activities characterizing the 

effect of PPhC in healthy and IVI infected mice. Statistical significance (P < 0.05) 

between mean healthy groups enzymatic activities versus IVI models indicated via 

asterisk (*). 

 

NADPH-cytochrome C-reductase activity also was decreased with 24% on the 

second day of the virus inoculation (Figure 2B).  

 

 

 

 

 

The monooxygenase activity with different substrates was significantly decreased. 

From all N- demethylases studied most effectively were with substrate ethylmorphine 

and less effectively with substrate analgin (Figure 3A, C).  

 
Fig. 3. Panel of liver enzyme on monooxygenase N-demethylase (EMND (A), APND 

(B) and ANND (C)) activities characterizing the effect of PPhC in healthy and IVI 

infected mice. Statistical significance (P < 0.05) between mean healthy group’s 

enzymatic activities versus IVI models indicated via asterisk (*), and between mean 



IVI group’s enzymatic activities versus treated with PPhC IVI models indicated via 

double asterisk (**). 

 

 
Hydroxilases…also…. 

 

 
Fig. 4. Panel of liver enzyme on hydroxylase (with substrates pNFH (A) and aniline-

AH (B) activities characterizing the effect of PPhC in healthy and IVI infected mice. 

Statistical significance (P < 0.05) between mean healthy group’s enzymatic activities 

versus IVI models indicated via asterisk (*), and between mean IVI group’s 

enzymatic activities versus treated with PPhC IVI models indicated via double 

asterisk (**). 

 

 
 

Effect of PPC pre-treatment 

 

In IVI- mice 

 

PPC pre-treatment demonstrated a significant preventive effect towards increased 

TBARS levels and decreased TAA established in untreated IVI animals (Figure 1B).  

 

The preventive effect of PPC is the strongest on the 21st day- TAA increased by PPC 

treatment  (more than 200%) and TBARS decreased (by 60%) in comparison to 

untreated infected controls. 

 

In the same time, all parameters of the oxidative drug metabolism in infected animals 

were significantly restored by PPC treatment (Figure 1A). This restoring effect is 

even over the control levels - the most pronounced effect being observed on the 6 and 

the 9 day of virus infection. The restoring effect of PPC is the best towards APND 

and EMND activities (Figure 3A) on the 6th day and to pNF activity on the 2nd day 

(Figure 4A).  
 

In healthy mice 

 



Out study demonstrates a moderate pro-oxidant effect of PCC in healthy animals- 

significant only on the 6th day for TBARS and on the 9th day for TAA (Figure 1B). 

In comparison to its effect in infected mice PPC increases TBARS levels (between 8-

20 %) and decreases TAA (between 10-20 %) in comparison to healthy controls, 

treated with saline.  

 

Our observation found moderate inhibiting effect of PPC on hepatic drug metabolism 

in healthy animals. In comparison to infected animals PPC has the opposite effect in 

healthy mice- the monooxygenase activities were decreased in comparison with the 

controls, significantly for APND activity by 38% on 6 day ( Figure 3A, B). 

 

 

 

 

Table 1. Percentage of the concentraction of TBARS in studied groups of drug-

metabolizing enzyme systems in IVI (A) and healthy mice (B).  

 

Day Controls pNFX ANX EMND APND ANND P 450 CCR

2 100 285 64 266 176 138 127 147

6 100 168 157 283 281 116 105 121

9 100 132 121 157 130 124 82 100

21 100 105 84 92 82 81 61 50

Day Controls pNFX ANX EMND APND ANND P 450 CCR

2 100 81 72 84 56 94 64 108

6 100 104 79 89 93 82 157 86

9 100 104 93 112 114 104 64 83

21 100 106 87 141 122 127 55 65

PPhC +  IVI 

PPhC Controls

 
  

 

Measured correlation coefficients 

 

The correlation coefficients (R) between the parameters of oxidative stress and drug 

metabolism are presented in Table 2. High correlation between increased TBARS and 

decreased content of cyt P-450 monooxygenases was found in infected animals. The 

significance is high especially for TBARS/CCR activity (p< 0.001). 

 

 

Table 2. 

R TBARS/cyt P450 TBARS/CCR 



Controls 0.492 -0.951 

PPhC -0.879 -0.603 

PPhC + IVI 0.723 -0.035 

IVI 0.914 -0.836 

 

 

DISCUSSION 

 

Medical practice, clinical experience and literature data - all together confirm 

dramatical changes in effects and toxicity of several medications in the course of 

influenza infection for example antipyrine, theophylline, analgin, paracetamol, 

acetaminophen and warfarine [20,21]. Three classes of antiviral drugs are available 

for the treatment of influenza [22]Error! Hyperlink reference not valid.: 

● The neuraminidase inhibitors, zanamivir, oseltamivir, and peramivir, which are 

active against both influenza A and B. 

● The selective inhibitor of influenza cap-dependent endonuclease, baloxavir, 

which is active against influenza A and B. 

● The adamantanes, amantadine and rimantadine, which are only active against 

influenza A. 

Previuous studies on experimental models of IVI [1, 23] also reported significant 

inhibition of several monooxygenase substrates (р-nitroanisole, 7-ethoxycoumarin, 

ethylmorphine, cytochrome С). Present experiments confirmed clearly the free-

radical character of IVI, established in our earlier studies [9,24], as well as strong 

inhibition of the oxidative drug metabolism [3,5] with various substrates...... 

The exact mechanism of monooxygenase inhibition during IVI remains unclear. But 

on the basis of past and present data we suggest that this inhibitory effect of IVI 

probably is not specific, because all components of the electronic chain of 

cytochrome P-450 were reduced. 

Established experimental data warn against the possible negative consequences of 

changed effects, toxicity and metabolism of drugs in the infected organism. 

In agreement to other authors [1] we suppose that free radical processes and 

decreased endogenous antioxidant content are related to changes in hepatic drug 

metabolism during the IVI.  

Our results demonstrated high inverse correlation between increased TBARS and 

decreased monooxygenase activity. This suggests that the activation of free radical 

processes can be one of the main causes for monooxygenase inhibition in IVI 

animals. We assume that probably the key point is Cytochrome C reductase 

activity......  

We suggest that the free radicals probably play an important role not only in the 

pathogenesis of IVI but also in the unspecific modulation of hepatic monooxygenase 



activity. The effectiveness of antioxidant prevention logically supports our 

conclusion.  

Successful antioxidant prevention (vitamins, flavonoids and plant extracts) of 

monooxygenase activity in IVI mice and rats confirm our suggestion [3-6, 25-27]. 

PPC pre-treatment had significant preventive effect towards increased TBARS- level 

in infected animals. It was reported that Geranium oil has an anti-inflammatory effect 

via inhibiting NO. production [28]. 

In the same time PPC pre-treatment restored significantly inhibited hepatic P-450 

monooxygenases activities in different days in the course of IVI. We believe that the 

mechanism of this modulating effect of PPC probably included some antioxidant and 

membrane protective properties on hepatic membrane-bound P-450 monooxygenases 

in the livers of influenza infected animals.  

As polyphenol compound we suggest that PPC is a membrane-protector and it can 

alleviate the course of the infection via elimination of the destroying effect of free 

radicals on membrane-bound enzymes (e.g. monooxygenases). Its polyphenol 

structure probably allows also PPC to trap the free radicals in the course of influenza 

infection.  

This possible mechanism is confirmed last years by the successful prevention and 

treatment of some neurodegenerative and oncology diseases with Geranium oil [28, 

29]. 

On the other hand PPC specific antiviral activity (established in vivo and in vitro) via 

inhibition of reproduction of viruses type A and B [30, 31] is surely involved in the 

complex mechanism of the preventive effect of PPC in infected animals.  

In contrast to infected animals, PPC has a medium prooxidant and a week reversible 

inhibiting effect on monooxygenases in healthy animals. This interesting difference 

in the effects of some antioxidants in healthy and infected animals was established 

also in other our studies [3]. In this case it can be due probably to PPC protein–

binding effect on membrane proteins and enzymes (e.g. monooxygenases).  

 

CONCLUSIONS:  
 

 Free radicals probably play an important role not only in the pathogenesis of IVI, 

but also in the modulation of the hepatic monooxygenase activity.  

 All inhibited P-450 monooxygenase activities in the course of IVI are significantly 

restored by PPC pre-treatment. The complex mechanism of PPC-protective effect 

obviously combines several biological activities- antioxidant activity, selective 

antiviral and protein-bounding effect.  

 In contrast to infected animals, PPC has a medium prooxidant and a moderate 

inhibiting effect on P-450 monooxygenases in healthy animals, probably related to 

its protein–binding effect on membrane proteins and enzymes. 
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