
HYDROXYCHLOROQUINE INHIBITS THE GLUCONEOGENESIS IN THE
LIVER OF RATS

Abstract
Hydroxychloroquine (HCQ) is an antimalarial drug used against some

autoimmune diseases, but with the coronavirus pandemic (SARS-CoV-2)

and search for drugs that could be effective against it, many countries

initially used HCQ for the treatment of people hospitalized with COVID-

19. However, the drug was not formally approved in clinical trials, on

the contrary, it was even associated with a decrease in hospital survival

and the occurrence of side effects when used for the treatment of

COVID-19. The liver is the organ that is the site of several pathways

linked to intermediary metabolism, such as gluconeogenesis. A

compromised liver energy metabolism can be even more harmful to

the already poor health of patients with COVID-19. Therefore, this

study aimed to investigate the effects of HCQ on gluconeogenesis in rat

livers. Gluconeogenesis was evaluated in perfused liver of fasting rats

using lactate and fructose as precursor. Glucose, pyruvate and lactate

were quantified in the effluent fluid. Oxygen uptake was monitored by

polarography. Hepatic mitochondria were isolated and respiration

measured by polarography. When lactate was used as a gluconeogenic

substrate, HCQ inhibited oxygen uptake only at a concentration of 200

µM, however, glucose production was inhibited at concentrations of 10-

200 µM. When fructose was used as substrate, HCQ did not inhibit

oxygen uptake or glucose production, but completely inhibited

pyruvate production and increased lactate production by 121% at the

200 µM dose. The respiratory activity of isolated hepatic mitochondria

was not significantly inhibited by HCQ. The exact mechanism by which

HCQ caused these inhibitions still needs further investigation.
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Introduction
Hydroxychloroquine (HCQ) is an anti-malarial medication also used

against some auto-immune diseases [1]. With coronavirus pandemic

(SARS-CoV-2), many countries initially used HCQ for treatment of

persons hospitalized with COVID-19 since some studies showed that it

is able to inhibit the replication in vitro of the virus [2]. However, the

drug was not formally approved through clinical trials, on the contrary,

it was even associated with decreased in-hospital survival and an

increased frequency of ventricular arrhythmias when used for

treatment of COVID-19 [3]. HCQ absorbed by the enterocytes first pass

through the liver before reaching the systemic circulation. This drug is

metabolized in the liver and would produce hepatotoxicity, and the

inducible liver injury can impair the metabolic function of the organ. In

this regard, the liver is involved in a number of physiological functions,

including a pivotal role in the body metabolic homeostasis, so that the

organ is the site of several pathways linked to intermediarymetabolism,

such as gluconeogenesis [4]. An impaired energetic metabolism of the

liver could be even more harmful to the already failing health of patients
with COVID-19. Therefore, this study aimed to investigated the effects of
HCQ on gluconeogenesis in the livers of rats.

Results

When lactate was used as a gluconeogenic substrate, HCQ

inhibited the oxygen uptake only at a concentration of 200 µM,

however, the production of glucose was inhibited by 54% at the dose

of 200µM and approximately 28% at doses of 10 -100 µM (Fig. 1).

Fig. 1: Inhibition rate of glucose production at different concentrations of 
hydroxychloroquine (HCQ - 1 - 200μm) tested in gluconeogenesis, having 
lactate as a substrate. The liver of fasting animals were perfused, as quoted 
in the session materials and methods, with pure buffer, up to ten minutes 
and from the ten minutes with cap and lactate. From time 36, in addition to 
the tampon with lactate, it was also infused the drug, HCQ, at dose of 1, 5, 
10, 25, 50, 100 and 200μm, drug infusion was interrupted in minute 56, so, 
From that time, the infusion of the cap containing only lactate was 
returned. The perfusion effluent was collected at 2-minute intervals and 
dosed the concentration of glucose. Student t-test (p <0.05) was used to 
compare the average of paragraph 56 of the animals controls with the 
animals perfused with the drug.

When fructose was used as substrate, HCQ did not inhibit the

oxygen uptake or glucose production, but completely inhibited the

pyruvate production (Fig. 2-A) and increased in 121% the lactate

production (Fig. 2-B) at the dose of 200 µM. The respiratory activity

of isolated hepatic mitochondria was not significantly inhibited by

HCQ. Considering the latter and that the glucose production was not

inhibited when fructose was substrate, the HCQ must be inhibiting

the gluconeogenesis by another additional mechanism that still

require further investigation, such as a direct inhibition of the final

enzymes of the gluconeogenic pathway (below the fructose entry

point).

Fig. 2. Temporal course of changes caused by hydroxychloroquine
(HCQ) at a dose of 50 and 200µM in the production of pyruvate (A) and
lactate (B).Livers from 15 hours fasted rats were perfused as described in
the Materials and methods section. The effluent perfusate was sampled in 2-
min intervals and analyzed for pyruvate (A) and lactate (B). In each datum
point represents the mean of 3 liver perfusion experiments. The perfusion
protocol was: 10 min with KH, followed by 26 min with KH + lactate or
fructose and another 24 min with KH + lactate or fructose +
hydroxychloroquine at concentrations of 50 or 200 µM. Data in the
presence of HCQ represent the means of 3 liver perfusion experiments.
Asterisks indicate those rates that differ from the control condition
(absence of HCQ), as indicated by post-hoc testing according to Student-
Newman-Keuls (p < 0.05).

The inhibition of gluconeogenesis was observed at relatively high

concentrations of HCQ, however, the effect should not be also

neglected whether the overdosage is considered and could be

associated with the liver injury and metabolic alterations in patients.

Conclusion

The liver is the organ responsible for maintaining blood glucose
homeostasis, so it is critical that your metabolic pathways function
properly. Hydroxychloroquine altered the functioning of gluconeogenesis,
inhibiting oxygen consumption and glucose production when the
substrate was lactate, and inhibiting pyruvate production and increasing
lactate production when fructose was the substrate, to find out the exact
reason for the which this occurs will require further studies.
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Materials and methods
Gluconeogenesis was evaluated in the perfused liver of 15 h fasted

rats using 2 mM lactate and fructose as precursor. After cannulation of

the portal and cava veins, the organ was perfused with Krebs/Henseleit

(KH) buffer. Glucose, pyruvate and lactate were quantified in the

effluent fluid. Oxygen uptake was monitored by polarography. The

perfusion protocol was: 10 min with KH, followed by 26 min with KH +

lactate or fructose and another 24 min with KH + lactate or fructose +

hydroxychloroquine at concentrations in the range up to 200 µM. Liver

mitochondria were isolated by differential centrifugation and

respiration measured by polarography. The animal protocol was

approved by the Ethics Committee for Animal Experimentation of

UEM.


